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accurately determined mass to charge ratio of the molecules
and at least a further physico-chemical property such as elu-
tion time or charge state. Further physico-chemical properties
may be used. The experimentally determined accurate mass
and physico-chemical properties can then be compared with
a look-up table of information. The look-up table may gen-
erated or physico-chemical properties of data in a conven-
tional database may be calculated. The ability to recognise
and preferably identify the same molecules in two different
samples may be used to determine whether a particular bio-
logical molecules has been expressed difterently in an experi-
mental sample relative to a control sample.
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Serum Albumin 66433 - 20 ' 60
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1072.5099 216 6.4 6.31
1163.6300 221 6.9 418.11
1249.6222 5141 174.6 31.25
1283.7119 2813 - 95.7 58.27

1291.6039 6894 233.3 21.37
1305.7171 45349 1548.8 37.26

1319.6482 662 221 36.94
1324.6014 1714 58 27.52
1335.5916 1019 33.9 29.01
1399.6592 1905 62.5 26.58

1399.6964 38120 1298.3 58.93
1419.6976 29525 1007 45.67
1439.8124 15776  538.7 - 53.03
1443.6453 24108 821.9 2.58

1456.6412 2332 79.4 60.68
1463.5944 6301 2147  12.50
- 1467.7430 . 3021 102.3 30.17

1478.5275 11457 389.9 25.47
1479.7991 29123 993.4 59.13
1491.7571 8698 297.5 38.45
1502.6189 17836 607 18.03

1511.8494 1532 519 = 30.68
1627.6758 1856 63 41.93
1632.7874 8311 281.2 22.32
1537.8062 792 26.4 35.51
1553.6662 741 23.6 25.30

1554.6599 19122 647.7 32.70
15667.7465 24188 823.7 81.11
1592.6639 6558 223.3 6.11
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1623.6019 17549 599.5 34.88
1624.6034 6791 231.4 16.69
1624.6051 = 7805 264.9 45.24
1625.6144 485 - 14.2 43.22
1627.6233 786 25.6 8.92
1627.6308 671 21.8 42.27

1639.9458 23842 810.9 43.65
1748.6952 9942 339.6 26.88
1749.6830 16643 567 27.05
1753.7942 1390 46.7 28.17
1778.8297 4295 - 1456 .  28.01
1838.7457 2822 954 6.75
- 1862.8981 941 31.6 31.06 '
1880.9229 ~ 25542 8701 4712 213
1888.9339 2533 85.6 77.76 2.03
1889.9011 1395 47.2 36.98 3
1901.8675 5962 201.8 37.89 2.67
1902.8566 1210 40.7 - 2754 2.98
1907.9214 35302  1205.2 70.08 2.56

1910.7877 13815 470.6 27.65 2
1927.7967 9553 325.8 8.00 2.63
1955.9760 3518 119.4 37.71 2
2045.0278 13939 475.6 74.20 271
2046.0386 1178 39.3 40.20 2.46
2106.8021 1329 44.7 6.75 2

2159.0352 4738 160.2 36.92 2.8
12458.1805 39033 1333 36.93 2.81
2459.2065 534 17.5 37.15 2
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METHOD OF MASS SPECTROMETER

[0001] The present invention relates a method of mass
spectrometry. The preferred embodiment relates to protein
identification, protein quantitation, proteases, high-resolu-
tion mass spectrometry, proteomics, genomics, and bioinfor-
matics.

[0002] The growing importance of genomic and proteomic
information in biotechnology and pharmaceutical research
and development has stimulated the development of many
innovative technologies. Technology platforms such as tran-
scriptional profiling or gene expression analysis are making it
possible to better understand cellular physiology and to
develop correlations between gene expression (mMRNA) and
cellular responses to internal and environmental stimuli. See,
J. L. DeRisi et al., Exploring the metabolic and genetic con-
trol of gene expression on a genomic scale, Science 278:680-
686 (1997); F. P. Roth et al., Finding DNA regulatory motifs
within unaligned noncoding sequences clustered by whole-
genome mRNA Quantitation, Nat. Biotechnol. 16:939-945
(1998). Internal stimuli include genetic variations and disease
states, while external stimuli include changes in environmen-
tal conditions (e.g., temperature, pH, osmolality, etc.) or
chemical concentrations (e.g., drugs, hormones, toxins, etc.)
Understanding how gene expression profiles vary dynami-
cally as conditions fluctuate can provide valuable insight into
the identification and development of novel therapeutic tar-
gets, treatments and disease progression/regression markers
(biomarkers). Elucidating changes in expression profiles
should allow for a greater understanding of many biochemi-
cal processes on a macroscopic level.

[0003] Gene expression analysis techniques measure
changes in mRNA levels and relate these changes to a cellular
response characteristic to a given stimulus. The field has
expanded considerably with the development of DNA arrays
(e.g., the GeneChip™ arrays marketed by Affymetrix, Santa
Clara, Calif.). However, research in this field has demon-
strated that there is often a poor correlation between mea-
sured mRNA levels and levels of the actual protein encoded
by the mRNA. See S. P. Gygi et al., Correlation between
protein and mRNA abundance in yeast, Mol. Cell. Biol.
19:1720-1730 (1999); L. M. Hartford and D. R. Morris, Post-
transcriptional gene regulation, Wiley-Liss Inc (1997); and A.
Varshavsky, The N-end rule: functions, mysteries, uses, Proc.
Natl. Acad. Sci. USA, 93:12142-12149 (1996). The discrep-
ancy can be attributed to a variety of factors such as poor
experimental reproducibility across various transcriptional
profiling platforms, eftects of cellular compartmentalization,
translation efficiency, post-translational modifications, and
protein degradation systems.

[0004] An improved approach to quantitative proteomics
would complement the existing genomic approaches, by
directly examining the proteins involved in cellular pro-
cesses. A combination of these two technologies will lead to
a more complete conceptual understanding of the functional
architecture of genome and proteome networks, allowing for
a more comprehensive view of a cell’s physiology.

[0005] Two common goals in proteomic research are to
qualitatively identify the proteins present in a cell given a set
of conditions and to quantitatively determine the relative
levels of these proteins as those conditions change. Unfortu-
nately, the majority of current analytical approaches in pro-
teomics yield either qualitative information or a rudimentary
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level of quantitative information. Reliable and accurate meth-
ods for quantitatively measuring the relative expression levels
of proteins are lacking. The ability to elicit this quantitative
information is crucial to proteomics and will aid in the
enhancement of discovery and development of drugs, devel-
opment of novel protein based diagnostic/prognostic tests,
and monitoring the efficacy of drug treatment strategies
(biomarkers). Some of the existing methods associated with
the identification of proteins and current technologies
designed to quantitate proteins will now be briefly described.

[0006] The utility of both single stage and tandem mass
spectrometry for the identification of cellular proteins using
protein and nucleotide databases is well documented. In
single stage mass spectrometry the instrument of choice has
been a Matrix Assisted Laser Desorption Ilonization
(MALDI) Time of Flight Mass Spectrometer (TOF-MS or
MALDI-TOF). The MALDI instrument characteristically
generates a mass spectrum of singly charged peptide ions
with a mass accuracy of 20 to 50 ppm. The generated list of
peptide ion mass values is then presented to any of a number
of'previously described search-engines for protein identifica-
tion (see Mann et al., Use of mass spectrometric molecular
weight information to identify proteins in sequence data-
bases, Biological Mass Spectr. 22(6): 338-45 (1993); Henzel
et al., Identification of 2-D Gel Proteins at the femtomole
level by Molecular Mass Searching of Peptide Fragments in a
Protein Sequence Database, Techriques In Protein Chemistry
V, John Crabb ed., (1994); and Pappin et al., Peptide Mass
Fingerprinting using MALDI-TOF mass spectrometry, Cur-
rent Biology 3:327-332 (1993)). Those skilled in the art have
coined the name Peptide Mass Fingerprinting (“PMF”) for
this method of identifying proteins. Although peptide mass
fingerprinting has been shown to facilitate the identification
of multiple proteins in simple mixtures (Jensen et al., Anal.
Chem. 69(23): 4741-50(1997)), the technique’s limited accu-
racy leads to ambiguities when it is applied to complex mix-
tures, and the likelihood of false positive assignments rises to
unacceptable levels. Additionally, peptide mass fingerprint-
ing cannot be used reliably for quantitative analysis because
of ion suppression problems associated with the MALDI
ionization process. Among the other mass spectrometer
designs that have been employed for protein analysis are
triple-stage quadrupole (TSQ) instruments and quadrupole
ion trap (QIT) devices. Both types of instrument are also
suitable for MS/MS applications (described below) but tend
to be limited to mass accuracies of 50 to 100 ppm, and low
sensitivity due to the scanning nature of the design. QIT
instruments also have a relatively limited charge capacity and
consequently have a limited dynamic range.

[0007] Analternative approach to peptide mass fingerprint-
ing involves tandem mass spectrometry (MS/MS). Tandem
mass spectrometric identification of proteins involves the
acquisition and analysis of the mass spectrum of product ions
generated from each precursor ion selected in the primary
mass spectrum of a set of proteolyzed protein fragments. The
additional information is helpful in that different protein frag-
ments with the same nominal mass, can be distinguished by
their product ion spectra. MS/MS data may also be used to
deduce the amino acid sequence of the protein fragment pre-
cursor ions, and the resulting sequence can be compared to a
protein or translated nucleotide databases for protein identi-
fication. Tandem mass spectrometric identifications greatly
improve the confidence of MALDI-TOF based protein iden-
tifications by providing primary sequence data that confirm
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the identity generated by the peptide mass fingerprint. See
Wilm and Mann, Error-tolerant identification of peptides in
sequence databases by peptide-sequence tags, Anal. Chem.
66:4390-4399 (1994); W. Hines et al., Pattern-Based Algo-
rithm for Peptide Sequencing from Tandem High Energy
Collision-Induced Dissociation Mass Spectra, J. Am. Soc.
Mass Spectrom, 3:326-336 (1992); V. Dancik et al., De Novo
Peptide Sequencing via Tandem Mass Spectrometry: A
Graph-Theoretical Approach, RECOMB, 135-144 (1999);
and Yates et al., U.S. Pat. No. 5,538,897.

[0008] Although useful in providing a system for rapidly
correlating fragment spectra with known protein sequences,
the algorithm within these automated processes assigns a
most probable match to every spectrum and the user has to
rely on multiple unique peptide assignments to the same
protein fragment to offset the probability of generating false
positives from the peptide MS/MS data. MS/MS-based strat-
egies for protein identification can involve automatic switch-
ing between MS and MS/MS modes of analysis on any
polypeptide ion, which satisfies user-defined criteria. Switch-
ing to the MS/MS mode interrupts data collection in the MS
mode, and because only one precursor ion at a time can be
analyzed, the net throughput of the system is limited. MS/MS
analysis of every ion in the primary spectrum of a mixture as
complex as a proteome would be extremely time and sample
consuming. To achieve comprehensive protein coverage of a
complex heterogeneous mixture, as in the case of a proteome,
MS/MS switching must occur very often, and this compro-
mises the quality of both the MS and MS/MS data. Compro-
mising the quality of the tentative identifications MS spectra
significantly decreases the quantitative accuracy of the
experiment. Compromising the quality of peptide MS/MS
spectra significantly increases the probability of generating
false positive identifications, especially in a proteome where
the components of the mixture are not present in equimolar
quantities and the number of ions derived from some proteins
is low.

[0009] Many scientists have extracted or dissected 2-D pro-
tein gels, and subjected the separated proteins to mass spec-
troscopy for characterization and possible identification by
the methods described above. See for example, H. Nakayama,
et al., Capillary column high-performance liquid chromato-
graphic-electrospray ionization triple-stage mass spectro-
metric analysis of proteins separated by two-dimensional
polyacrylamide gel electrophoresis. Application to cerebellar
protein mapping, J. Chrom. A 730:279-287 (1996); S. M.
Hanash, Biomedical applications of two-dimensional elec-
trophoresis using immobilized pH gradients: current status,
Electrophoresis 21:1202-1209 (2000); A. Pandey, M. Mann,
Proteomics to study genes and genomes, Nature 405:837-846
(2000); M. P. Washburn, J. R. Yates, Analysis of the microbial
proteome, Curr. Opin. Microbiol. 3:292-297 (2000); H. Lan-
gen et al., Two-dimensional map of the proteome of Haemo-
philus influenzae, Electrophoresis, 21:411-429 (2000). Such
hybrid methods are quite sensitive, but are limited by the
resolving capacity of the 2D gel itself and require tedious
extraction and analysis of individual spots on the gel.

[0010] One approach suggested by those skilled in pro-
teomics involves generating a complex peptide mixture by
enzymatically digesting all the protein members of a given
proteome, followed by chromatographic separations inter-
faced to mass spectrometric techniques such as Fourier Trans-
form Ion Cyclotron Resonance (FTICR; see L. Li et al.,
High-throughput peptide identification from protein digests
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using data-dependent multiplexed tandem FTICR Mass spec-
trometry coupled with capillary liquid chromatography, Anal.
Chem. 73:3312-33222 (2001); Y. Shen et al., High-Through-
put Proteomics Using High-Efficiency Multiple-Capillary
Liquid Chromatography with On-Line High-Performance
ESI FTICR Mass Spectrometry, Aral. Chem. 73:3011-3021
(2001)). This is a very promising approach, but the instru-
mentation required for FTICR is extremely expensive. An
FTICR spectrometer can cost in excess of five million dollars,
making the method impractical for widespread routine use.
[0011] Another is a tandem mass spectrometric technique
called Multi-Dimensional Protein Identification Technology
(“MudPIT”) (A. Link et al., Direct Analysis of Protein Com-
plexes Using Mass Spectrometry, Nat. Biotechnol. 17:676-
682 (1999); M. P. Washburn et al., Large-Scale Analysis of
the Yeast Proteome by Multidimensional Protein Identifica-
tion Technology, Nat. Biotechnol. 19:242-247 (2001). This
technique, actually a type of chromatography applied to pre-
fractionate samples prior to tandem mass spectrometry, has
not been shown to be capable of monitoring changes in pro-
tein expression levels.

[0012] Proteomes are generally quite complex. They con-
tain many thousands of proteins, which can range in relative
concentration by five or six orders of magnitude. Unlike
genomes, proteomes are dynamic: the proteins making up a
cell’s proteome change in response to the cell’s chemical and
physical environment. Post-translational processing is con-
stantly modifying the functional forms of cellular proteins,
and this level of protein expression is affected by many dif-
ferent stimuli. Transcriptional profiling (examining mRNA)
is of limited use in deciphering such a dynamic system.
Therefore, direct qualitative and quantitative analysis of the
actual proteins within the proteome is required to achieve a
functional understanding of proteins on a cellular scale. The
following section details methods currently used to obtain
quantitative protein information.

[0013] Several biochemical techniques such as staining
proteins separated on 2-D gels with non-fluorescent dyes
(Coomassie Blue, Fast Green), fluorescent dyes (Sypro Red,
Sypro Orange), and colloidal metal stains (silver, gold) are
used to quantify relative protein amounts. These staining
techniques are limited by poor quantitative precision and
accuracy because varying amounts of stain is incorporated
into each protein and stained proteins can be difficult to
resolve from the background staining of the gel matrix. Other
techniques such as introducing radioactive labels or meta-
bolic labeling (**C-amino acids, *H-lucine, *>S-methionine)
during cellular protein synthesis can overcome some of these
problems associated with background noise in the classical
staining techniques. Radiolabeling is unfortunately time con-
suming, expensive, and not practical (or rarely allowed) for
human sourced samples, e.g. plasma, tissue, or tumor. Thus,
radiolabeling is not a practical option.

[0014] To overcome the shortcomings associated with gel-
based techniques, other researchers have used various mass
spectral based methods. One such method uses MS-isotopic
labeling techniques to perform accurate quantitation of the
relative quantities of proteins in cells grown under different
conditions. In this procedure, stable isotopes such as N are
introduced into the cell growth medium. The **N-enriched
proteins produced during the cell growth process are then
compared with unaltered proteins by mixing the two and
analyzing them together. The corresponding *°N labeled pep-
tides are compared with their '*N companion because they
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have almost identical physical properties except the predicted
mass shift. This strategy makes it possible to record fairly
accurately the quantitative differences between native and
isotopically enriched “companion” peptides. Y. Oda, et al.,
Proc. Natl. Acad. Sci. USA 96:6591-6596 (1999). However,
this strategy has limited utility because it requires treatment
with an enriched stable isotope medium prior to protein iso-
lation, for a length of time sufficient for incorporation of the
isotopes into the proteome itself.

[0015] Another approach that overcomes this shortcoming
was presented recently (Gygi, S. P., etal., Quantitative analy-
sis of complex protein mixtures using isotope-coded affinity
tags, Nat. Biotechnol. 17:994-999 (1999); Griffin, T. J., et al.,
Quantitative proteomic analysis using a MALDI quadrupole
time-of-flight mass spectrometer, Anal. Chem., 73:978-986
(2001)). This approach involves derivatizing protein mixtures
with heavy and light isotope-coded affinity tags (ICAT).
These tags are covalently bound to specific amino acid resi-
dues, and carry a high-affinity moiety such as biotin that
serves as means of isolation from untagged material. The
proteins are then digested and the tagged peptides are affinity
purified for subsequent quantitative analysis. The affinity-
purified fractions are subjected to sequence identification
using tandem mass spectrometry methods and concurrently
analyzed to measure the relative expression levels of indi-
vidual proteins from complex, control and experimental pro-
tein mixtures. Early development of this technology sug-
gested that it was fairly robust and could be widely applicable.
Even this method is plagued, however, with the poor yields
associated with incomplete tagging and the affinity purifica-
tion steps. Another problem with this approach is that it is
only useful for proteins containing at least one free cysteine
group. An example of this pitfall is illustrated by the fact that
35% of the yeast ribosomal proteins are cysteine-free and
therefore cannot be identified or quantified using the ICAT
technology. Furthermore these tagged peptides must be of a
mass amenable to sensitive MS/MS analysis.

[0016] The growing importance of genomic, proteomic,
and metabolomic information in biotechnology and pharma-
ceutical research and development has stimulated the devel-
opment of many innovative technologies. A common goal of
many analytical studies in the life sciences is the qualitative
identification of chemical components in complex chemical
mixtures of biological origin and the quantitative measure-
ment of the relative abundance of chemical components in
these mixtures. A more targeted goal is the discovery of
chemical species or biomarkers in such mixtures that can be
used as an indication of a particular disease. Such studies play
akey role in the field of metabolomics and proteomics, but are
easily extended to other fields of life science. Frequently
these biomarkers provide information about a chemical spe-
cies or a biological pathway that can serve as either a target for
treatment or at least as an indicator of the efficacy of a drug
candidate developed to treat a particular disease. These biom-
arker discovery studies generally involve comparing two
populations of complex biological mixtures. One of these
sample populations is typically representative of a “control”
state (normal, untreated, non-diseased, etc) and the second
sample population is typically representative of an “experi-
mental” state (abnormal, treated, diseased, etc). The primary
goals of these biomarker discovery experiments are two-fold.
First, each component in the two sample populations must be
measured quantitatively to determine if their relative expres-
sion level has changed in a statistically significant manner
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between the two sample states. The second goal is to quali-
tatively identify each component that has shifted in its expres-
sion level in a statistically significant manner and, in general,
to qualitatively identify as many chemical components in the
sample populations as possible. Ideally, analytical methods
developed for this application are high in sensitivity and are
capable of measuring chemical components in a mixture over
a wide dynamic range.

[0017] Thus, there exists a need for a relatively rapid and
cost-effective analytical method that allows the chemical
composition of very complex biological mixtures to be com-
pared in a comprehensive and a quantitative manner and
preferably in a comprehensive quantitative and comprehen-
sive qualitative manner.

[0018] According to an aspect of the present invention,
there is provided a method of mass spectrometry comprising:
[0019] providing a first sample comprising a first mixture
of molecules of biological origin;

[0020] measuring a first physico-chemical property other
than mass to charge ratio of first molecules in the first mix-
ture;

[0021] mass analysing the first molecules in the first mix-
ture and accurately determining the mass to charge ratio of the
first molecules in the first mixture;

[0022] providing a second sample comprising a second
mixture of molecules of biological origin;

[0023] measuring a first physico-chemical property other
than mass to charge ratio of first molecules in the second
mixture;

[0024] mass analysing the first molecules in the second
mixture and accurately determining the mass to charge ratio
of the first molecules in the second mixture; and

[0025] determining the intensity of first molecules in the
first mixture and the intensity of first molecules in the second
mixture, the first molecules in the first mixture and the first
molecules in the second mixture having been determined to
have substantially the same mass to charge ratio and substan-
tially the same first physico-chemical property.

[0026] The first mixture and/or the second mixture may
comprise a plurality of different biopolymers, proteins, pep-
tides, polypeptides, oligionucleotides, oligionucleosides,
amino acids, carbohydrates, sugars, lipids, fatty acids, vita-
mins, hormones, portions or fragments of DNA, portions or
fragments of cDNA, portions or fragments of RNA, portions
or fragments of mRNA, portions or fragments of tRNA, poly-
clonal antibodies, monoclonal antibodies, ribonucleases,
enzymes, metabolites, polysaccharides, phosphorolated pep-
tides, phosphorolated proteins, glycopeptides, glycoproteins
or steroids.

[0027] The first mixture and/or the second mixture prefer-
ably comprise at least 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500,
2000, 2500, 3000, 3500, 4000, 4500, or 5000 molecules hav-
ing different identities. Preferably, the first mixture and/or the
second mixture comprise a non-equimolar heterogeneous
complex mixture.

[0028] The mass to charge ratio of the first molecules in the
first mixture and/or the mass to charge ratio of the first mol-
ecules in the second mixture is preferably determined to
within 20 ppm, 19 ppm, 18 ppm, 17 ppm, 16 ppm, 15 ppm, 14
ppm, 13 ppm, 12 ppm, 11 ppm, 10 ppm, 9 ppm, 8 ppm, 7 ppm,
6 ppm, 5 ppm, 4 ppm, 3 ppm, 2 ppm, 1 ppm or <1 ppm.
Preferably, the mass to charge ratio of the first molecules in
the first mixture and/or the mass to charge ratio of the first
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molecules in the second mixture is determined to within
15-20 ppm, 10-15 ppm, 5-10 ppm or 1-5 ppm. Preferably, the
mass to charge ratio of the first molecules in the first mixture
and/or the mass to charge ratio of the first molecules in the
second mixture is determined to within 0.01 mass units, 0.009
mass units, 0.008 mass units, 0.007 mass units, 0.006 mass
units, 0.005 mass units, 0.004 mass units, 0.003 mass units,
0.002 mass units, 0.001 mass units or <0.001 mass units.
[0029] Quantitation of the first molecules may involve at
least one of the following steps:

[0030] (i) comparing the intensity of first molecules in the
first mixture with the intensity of second molecules in the first
mixture;

[0031] (ii) comparing the intensity of first molecules in the
first mixture with the intensity of first molecules in the second
mixture;

[0032] (iii) comparing the intensity of second molecules in
the first mixture with the intensity of second molecules in the
second mixture;

[0033] (iv) comparing the intensity of first molecules in the
second mixture with the intensity of second molecules in the
second mixture; and

[0034] (v) comparing the ratio of: (a) the intensity of first
molecules in the first mixture to the intensity of first mol-
ecules in the second mixture with (b) the intensity of second
molecules in the first mixture to the intensity of second mol-
ecules in the second mixture.

[0035] The second molecules in the first mixture are pref-
erably substantially the same as the second molecules in the
second mixture.

[0036] The second molecules may be endogenous or exog-
enous to the first and second mixtures.

[0037] Preferably, the method further comprises:

[0038] measuring a second physico-chemical property
other than mass to charge ratio of the first molecules in the
first mixture and the first molecules in the second mixture;
and

[0039] wherein the first molecules in the first mixture and
the first molecules in the second mixture are determined to
have substantially the same second physico-chemical prop-
erty.

[0040]

[0041] measuring a third physico-chemical property other
than mass to charge ratio of the first molecules in the first
mixture and the first molecules in the second mixture; and
[0042] wherein the first molecules in the first mixture and
the first molecules in the second mixture are determined to
have substantially the same third physico-chemical property.
[0043] Preferably, the method further comprises:

[0044] measuring a fourth physico-chemical property other
than mass to charge ratio of the first molecules in the first
mixture and the first molecules in the second mixture; and
[0045] wherein the first molecules in the first mixture and
the first molecules in the second mixture are determined to
have substantially the same fourth physico-chemical prop-
erty.
[0046]

[0047] measuring a fifth or yet further physico-chemical
property other than mass to charge ratio of the first molecules
in the first mixture and the first molecules in the second
mixture; and

Preferably, the method further comprises:

Preferably, the method further comprises:
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[0048] wherein the first molecules in the first mixture and
the first molecules in the second mixture are determined to
have substantially the same fifth or yet further physico-
chemical property.

[0049] The first and/or the second and/or the third and/or
the fourth and/or the fifth or yet further physico-chemical
properties are preferably selected from the group consisting
of: (i) elution time, hydrophobicity, hydrophilicity, migration
time, or chromatographic retention time; (ii) solubility; (iii)
molecular volume or size; (iv) net charge, charge state, ionic
charge or composite observed charge state; (v) isoelectric
point (pl); (vi) dissociation constant (pKa); (vii) antibody
affinity; (viii) electrophoretic mobility; (ix) ionisation poten-
tial; (x) dipole moment; (xi) hydrogen-bonding capability or
hydrogen-bonding capacity; and (xii) ion mobility in gas
phase.

[0050] The mass to charge ratio of the first molecules in the
first mixture and/or the mass to charge ratio of the first mol-
ecules in the second mixture may be mass analysed by either:
(1) a Fourier Transform (“FT”’) mass spectrometer; (ii) a Fou-
rier Transform Ion Cyclotron Resonance (“FTICR”) mass
spectrometer; (iii) a Time of Flight (“TOF”) mass spectrom-
eter; (iv) an orthogonal acceleration Time of Flight
(“0aTOF”) mass spectrometer; (v) a magnetic sector mass
spectrometer; (vi) a quadrupole mass analyser; (vii) an ion
trap mass analyser; and (viii) a Fourier Transform orbitrap, an
electrostatic Ion Cyclotron Resonance mass spectrometer or
an electrostatic Fourier Transform mass spectrometer.
[0051] The first sample may comprise an experimental
sample and the second sample may comprise a control
sample. For example, the first sample may be taken from a
diseased organism and the second sample may be taken from
a non-diseased organism. Alternatively, the first sample may
be taken from a treated organism and the second sample may
be taken from a non-treated organism. A yet further option is
that the first sample may be taken from a mutant organism and
the second sample may be taken from a wild type organism.
[0052] The first molecules in the first mixture and/or the
first molecules in the second mixture may be identified.

[0053] Embodiments are contemplated wherein 3, 4, 5 or
more different samples may be analysed and quantified.
Accordingly, the method may further comprise:

[0054] providing one or more further samples comprising
one or more further mixtures of molecules of biological ori-
gin;

[0055] measuring a first physico-chemical property other
than mass to charge ratio of first molecules in the one or more
further mixtures;

[0056] mass analysing the first molecules in the one or
more further mixtures and accurately determining the mass to
charge ratio of the first molecules in the one or more further
mixtures; and

[0057] determining the intensity of first molecules in the
one or more further mixtures wherein the first molecules in
the first mixture, the first molecules in the second mixture and
the first molecules in the one or more further mixtures are
determined to have substantially the same mass to charge
ratio and substantially the same first physico-chemical prop-
erty and optionally the same second and/or third and/or fourth
and/or fifth or yet further physico-chemical property. The first
molecules in the first mixture and/or the first molecules in the
second mixture and/or the first molecules in the one or more
further mixtures may then be identified.
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[0058] Identification of the first molecules may in some
circumstances only be carried out when there is a differential
expression greater than a predetermined threshold. For
example, the molecules present in an experimental sample
may only be identified if they are present at a higher (or lower)
concentration than a control sample. For example, the first
molecules in the first mixture and/or the first molecules in the
second mixture may only be identified if the intensity of the
first molecules in the first mixture differs (positively or nega-
tively) from the intensity of the first molecules in the second
mixture by more than a predetermined amount. Alternatively,
the first molecules in the first mixture and/or the first mol-
ecules in the second mixture may only be identified if the
average intensity of a plurality of different molecules in the
first mixture differs from the average intensity of a plurality of
different molecules in the second mixture by more than a
predetermined amount. In both cases the predetermined
amount may be selected from the group consisting of: (1) 1%;
(1) 2%; (iii) 5%; (iv) 10%; (v) 20%; (vi) 50%; (vii) 100%;
(viil) 150%; (ix) 200%; (x) 250%; (xi) 300%; (xii) 350%;
(xiii) 400%; (xiv) 450%; (xv) 500%; (xvi) 1000%; (xvii)
5000%; and (xviii) 10000%.

[0059] In an embodiment molecules may be identified by
referring to a database. For example, the step of identifying
the first molecules in the first mixture and/or the first mol-
ecules in the second mixture may comprise comparing the
first physico-chemical property and optionally the second
and/or third and/or fourth and/or fifth and yet further physico-
chemical properties and the determined mass to charge ratio
of the first molecules in the first mixture and/or the first
molecules in the second mixture with an index of molecules,
wherein the index comprises:

[0060]

[0061] (ii) an experimentally determined or predicted first
physico-chemical property of each indexed molecule;

[0062] (iii)) an experimentally determined or predicted
accurate mass or mass to charge ratio(s) of each indexed
molecule; and

[0063] (iv) optionally an experimentally determined or pre-
dicted second physico-chemical property of each indexed
molecule and/or an experimentally determined or predicted
third physico-chemical property of each indexed molecule
and/or an experimentally determined or predicted fourth
physico-chemical property of each indexed molecule and/or
an experimentally determined or predicted fifth or yet further
physico-chemical property of each indexed molecule. The
first molecules in the first mixture and/or the first molecules in
the second mixture may comprise a peptide and the index of
molecules may comprise an index of peptides. The index of
peptides may be generated by determining how one or more
proteins might fragment or be digested so as to result in a
plurality of peptides. Alternatively, the first molecules in the
first mixture and/or the first molecules in the second mixture
may comprise a peptide and the index of molecules comprises
an index of proteins.

[0064] According to another embodiment, at least some of
the data may be calculated. Accordingly, the step of identify-
ing the first molecules in the first mixture and/or the first
molecules in the second mixture may comprises calculating
the first and/or second and/or third and/or fourth and/or fifth
or yet further physico-chemical properties from an index of
molecules, the index comprising:

(1) the identity of each indexed molecule;
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[0065] (i) the identity of each indexed molecule; and
[0066] (ii) anexperimentally determined or predicted accu-
rate mass or mass to charge ratio(s) of each indexed molecule.
[0067] The index of molecules may comprise: (i) a protein
or proteome sequence database; (ii) an Expressed Sequence
Tag (EST) database; or (iii) a gene or genome database.
[0068] Other embodiments are contemplated wherein a
database comprising both accurate mass and other physico-
chemical properties is referred to and other physico-chemical
properties are calculated from data in the database. For
example, the database may comprise a list of molecules and
their accurate mass and retention time, and a second physico-
chemical property such as dissociation constant (pKa) may be
calculated.

[0069] The first molecules in the first mixture and/or the
first molecules in the second mixture may be identified on the
basis of:

[0070] (i) the closeness of fit of the determined mass to
charge ratio of the first molecules in the first mixture and/or
the first molecules in the second mixture with the mass or
mass to charge ratio of an indexed molecule; and/or

[0071] (ii) the closeness of fit of the first physico-chemical
property of the first molecules in the first mixture and/or the
first molecules in the second mixture with the first physico-
chemical property of the indexed molecule; and/or

[0072] (iii) the closeness of fit of a second physico-chemi-
cal property of the first molecules in the first mixture and/or
the first molecules in the second mixture with the second
physico-chemical property of the indexed molecule; and/or
[0073] (iv) the closeness of fit of a third physico-chemical
property of the first molecules in the first mixture and/or the
first molecules in the second mixture with the third physico-
chemical property of the indexed molecule; and/or

[0074] (v) the closeness of fit of a fourth physico-chemical
property of the first molecules in the first mixture and/or the
first molecules in the second mixture with the fourth physico-
chemical property of the indexed molecule; and/or

[0075] (vi) the closeness of fit of a fifth or yet further
physico-chemical property of the first molecules in the first
mixture and/or the first molecules in the second mixture with
the fifth or yet further physico-chemical property of the
indexed molecule.

[0076] According to another aspect of the present inven-
tion, there is provided a method of mass spectrometry com-
prising:

[0077] providing a mixture of molecules of biological ori-
gin;
[0078] measuring a first physico-chemical property other

than mass to charge ratio of first molecules in the mixture;
[0079] mass analysing the first molecules and accurately
determining the mass to charge ratio of the first molecules;
and

[0080] identifying the first molecules on the basis of at least
the first physico-chemical property and the accurately deter-
mined mass to charge ratio of the first molecules.

[0081] The mixture of molecules preferably comprises a
plurality of different biopolymers, proteins, peptides,
polypeptides, oligionucleotides, oligionucleosides, amino
acids, carbohydrates, sugars, lipids, fatty acids, vitamins, hor-
mones, portions or fragments of DNA, portions or fragments
of ¢cDNA, portions or fragments of RNA, portions or frag-
ments of mRNA, portions or fragments of tRNA, polyclonal
antibodies, monoclonal antibodies, ribonucleases, enzymes,
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metabolites, polysaccharides, phosphorolated peptides,
phosphorolated proteins, glycopeptides, glycoproteins or ste-
roids.

[0082] The first molecules may also be quantified.

[0083] According to another aspect of the present invention
there is provided a method of mass spectrometry, comprising:
[0084] providing a mixture of peptides;

[0085] measuring a first physico-chemical property other
than mass to charge ratio of first molecules comprising pep-
tides in the mixture;

[0086] accurately determining the mass to charge ratio of
the first molecules comprising peptides; and

[0087] identifying the first molecules comprising peptides
on the basis of at least the measured first physico-chemical
property and the accurately determined mass to charge ratio
of the first molecules comprising peptides.

[0088] An internal standard comprising one or more pep-
tides and/or one or more synthetic molecules may be added to
the mixture of peptides or a fraction of the mixture of pep-
tides.

[0089] According to another aspect of the present invention
there is provided a method of mass spectrometry, comprising:
[0090] providing a mixture of proteins;

[0091] providinga mixture of peptides derived from at least
some of the proteins;

[0092] measuring a first physico-chemical property other
than mass or mass to charge ratio of either at least one protein
in the mixture of proteins and/or first molecules comprising
peptides in the mixture of peptides;

[0093] accurately determining the mass to charge ratio of
the first molecules comprising peptides; and

[0094] identifying the first molecules comprising peptides
on the basis of at least the measured first physico-chemical
property and the accurately determined mass to charge ratio
of the first peptides.

[0095] An internal standard comprising one or more pro-
teins and/or one or more synthetic molecules may be added to
the mixture of proteins or a fraction of the mixture of proteins.
[0096] The mixture of proteins may be pre-fractionated.
For example, the method may further comprise fractionating
the mixture of proteins, preferably by single-dimensional
electrophoresis e.g. 1D gel, multi-dimensional electrophore-
sis e.g. 2D gel, size exclusion chromatography or by affinity
chromatography so as to separate one or more proteins from
the mixture of proteins and wherein the one or more proteins
separated from the mixture of proteins are then digested or
fragmented so as to provide the mixture of peptides.

[0097] According to an alternative embodiment the mix-
ture of proteins may be digested without any pre-fraction-
ation of the proteins and hence the method may further com-
prise digesting or fragmenting the mixture of proteins so as to
provide the mixture of peptides.

[0098] The peptides may be fractionated prior to mass
analysis. The method may further comprise separating a first
fraction of one or more peptides from the mixture of peptides.
The one or more peptides may be separated from the mixture
of'peptides by: (i) High Performance Liquid Chromatography
(“HPLC”); (ii) anion exchange; (iii) anion exchange chroma-
tography; (iv) cation exchange; (v) cation exchange chroma-
tography; (vi) ion pair reversed-phase chromatography; (vii)
chromatography; (vii) single dimensional electrophoresis;
(ix) multi-dimensional electrophoresis; (x) size exclusion;
(xi) affinity; (xii) reverse phase chromatography; (xiii) capil-
lary Electrophoresis Chromatography (“CEC”); (xiv) elec-
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trophoresis; (xv) ion mobility separation; (xvi) Field Asym-
metric lon Mobility Separation (“FAIMS”); or (xvi) capillary
electrophoresis. Preferably, the one or more peptides in the
first fraction have substantially the same first physico-chemi-
cal property, preferably the same elution time, hydrophobic-
ity, hydrophilicity, migration time, or chromatographic reten-
tion time. Chromatographic methods may therefore be used
to separate one or more peptides from a pool of peptides on
the basis of e.g. elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time.

[0099] The peptides may also be quantified.

[0100] According to aparticularly preferred embodiment, a
protein or a Post Translationally Modified (“PTM”) protein
which correlates with one or more identified peptides may be
identified. The protein or the Post Translationally Modified
protein may also itself by quantified.

[0101] Various refinements to the identification process are
contemplated. One refinement comprises checking that the
intensities of all peptides which are considered to correlate
with the protein or the Post Translationally Modified protein
fall within one or more predetermined ranges (i.e. checking
that the intensities are consistent).

[0102] In addition to proteins and peptides, the present
invention is particularly suitable for the analysis of metabo-
lites. According to another aspect of the present invention
there is provided a method of mass spectrometry, comprising:
[0103] providing a mixture of metabolites;

[0104] measuring a first physico-chemical property other
than mass to charge ratio of first molecules comprising
metabolites in the mixture;

[0105] accurately determining the mass to charge ratio of
the first molecules comprising metabolites; and

[0106] identifying the first molecules comprising metabo-
lites on the basis of at least the measured first physico-chemi-
cal property and the accurately determined mass to charge
ratio of the first molecules comprising metabolites.

[0107] Atleast some of the metabolites in the mixture may
be extracted from blood plasma and/or urine and/or facces
and/or sweat and/or breath.

[0108] According to another aspect ofthe present invention
there is provided a method of mass spectrometry, comprising:
[0109] providing a mixture comprising: (i) a plurality of
portions or fragments of DNA; (ii) a plurality of portions or
fragments of RNA; (iii) a plurality of oligionucleotides and/or
a plurality of oligionucleosides; (iv) a plurality of nucleic
acids; (v) a plurality of portions or fragments of genes; (vi) a
plurality of ribonucleases (RNases); (vii) a plurality of por-
tions or fragments of cDNA; (viii) a plurality of portions or
fragments of mRNA; or (ix) a plurality of portions or frag-
ments of tRNA;

[0110] measuring a first physico-chemical property other
than mass to charge ratio of first molecules in the mixture;
[0111] accurately determining the mass to charge ratio of
the first molecules; and

[0112] identifying the first molecules on the basis of at least
the measured first physico-chemical property and the accu-
rately determined mass to charge ratio of the first molecules.
[0113] According to another aspect of the present invention
there is provided a method of mass spectrometry, comprising:
[0114] providing a mixture selected from the group com-
prising: (i) phosphorolated peptides; (ii) phosphorolated pro-
teins; (iii) glycopeptides; (iv) glycoproteins; (v) carbohy-
drates; (vi) sugars; (vii) lipids; (viii) fatty acids; (ix) vitamins;
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(x) hormones; (xi) steroids; (xii) monoclonal or polyclonal
antibodies; and (xiii) polysaccharides;

[0115] measuring a first physico-chemical property other
than mass to charge ratio of first molecules in the mixture;
[0116] accurately determining the mass to charge ratio of
the first molecules; and

[0117] identifying the first molecules on the basis of at least
the measured first physico-chemical property and the accu-
rately determined mass to charge ratio of the first molecules.
[0118] The mixture preferably comprises at least 2, 5, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000,
4500, or 5000 molecules having different identities. The pre-
ferred embodiment is particularly suitable for use with non-
equimolar heterogeneous complex mixtures.

[0119] The step of accurately determining the mass to
charge ratio of the first molecules preferably comprises deter-
mining the mass to charge ratio of the first molecules to within
20 ppm, 19 ppm, 18 ppm, 17 ppm, 16 ppm, 15 ppm, 14 ppm,
13 ppm, 12 ppm, 11 ppm, 10 ppm, 9 ppm, 8 ppm, 7 ppm, 6
ppm, 5 ppm, 4 ppm, 3 ppm, 2 ppm, 1 ppm or <1 ppm.
Preferably, step of accurately determining the mass to charge
ratio of the first molecules comprises determining the mass to
charge ratio of the first molecules to within 15-20 ppm, 10-15
ppm, 5-10 ppm or 1-5 ppm. Preferably, the step of accurately
determining the mass to charge ratio of the first molecules
comprises determining the mass to charge ratio of the first
molecules to within 0.01 mass units, 0.609 mass units, 0.008
mass units, 0.007 mass units, 0.006 mass units, 0.005 mass
units, 0.004 mass units, 0.003 mass units, 0.002 mass units,
0.001 mass units or <0.001 mass units.

[0120] Firstmolecules may separated from other molecules
in the mixture by virtue of the first physico-chemical property
e.g. elution/retention time.

[0121] The first molecules may be temporally and/or spa-
tially separated from other molecules in the mixture.

[0122] Preferably, the first molecules are separated from
other molecules in the mixture by: (i) High Performance
Liquid Chromatography (“HPLC”); (ii) anion exchange; (iii)
anion exchange chromatography; (iv) cation exchange; (v)
cation exchange chromatography; (vi) ion pair reversed-
phase chromatography; (vii) chromatography; (vii) single
dimensional electrophoresis; (ix) multi-dimensional electro-
phoresis; (x) size exclusion; (xi) affinity; (xii) revere phase
chromatography; (xiii) Capillary Electrophoresis Chroma-
tography (“CEC”); (xiv) electrophoresis; (xv) ion mobility
separation; (xvi) Field Asymmetric lon Mobility Separation
(“FAIMS™); or (xvi) capillary electrophoresis.

[0123] Embodiments are also contemplated wherein the
first physico-chemical property (e.g. net charge, charge state,
ionic charge or composite observed charge state) is deter-
mined from a mass spectrum of molecules in the mixture.
[0124] The method may further comprise:

[0125] measuring a second physico-chemical property
other than mass to charge ratio of the first molecules in the
mixture, the second physico-chemical property being differ-
ent from the first physico-chemical property; and

[0126] wherein the step of identifying the first molecules
further comprises identifying the first molecules on the basis
of at least the first and second physico-chemical properties
and the determined mass to charge ratio of the first molecules.
[0127] The method may further comprise:

[0128] measuring a third physico-chemical property other
than mass to charge ratio of the first molecules in the mixture,
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the third physico-chemical property being different from the
first and second physico-chemical properties; and

[0129] wherein the step of identifying the first molecules
further comprises identifying the first molecules on the basis
of at least the first, second and third physico-chemical prop-
erties and the determined mass to charge ratio of the first
molecules.

[0130] The method may further comprise:

[0131] measuring a fourth physico-chemical property other
than mass to charge ratio of the first molecules in the mixture,
the fourth physico-chemical property being different from the
first, second and third physico-chemical properties; and
[0132] wherein the step of identifying the first molecules
further comprises identifying the first molecules on the basis
of at least the first, second, third and fourth physico-chemical
properties and the determined mass to charge ratio of the first
molecules.

[0133] The method may further comprise:

[0134] measuring a fifth or yet further physico-chemical
property other than mass to charge ratio of the first molecules
in the mixture, the fifth or yet further physico-chemical prop-
erty being different from the first, second, third and fourth
physico-chemical properties; and

[0135] wherein the step of identifying the first molecules
further comprises identifying the first molecules on the basis
of at least the first, second, third, fourth, fifth or yet further
physico-chemical properties and the determined mass to
charge ratio of the first molecules.

[0136] The first and/or second and/or third and/or fourth
and/or fifth or yet further physico-chemical property may be
selected from the group consisting of: (i) elution time, hydro-
phobicity, hydrophilicity, migration time, or chromato-
graphic retention time; (ii) solubility; (iii) molecular volume
or size; (iv) net charge, charge state, ionic charge or compos-
ite observed charge state; (v) isoelectric point (pl); (vi) dis-
sociation constant (pKa); (vii) antibody affinity; (viii) elec-
trophoretic mobility; (ix) ionisation potential; (x) dipole
moment; (xi) hydrogen-bonding capability or hydrogen-
bonding capacity; and (xii) ion mobility in gas phase.
[0137] One or more endogenous and/or one or more exog-
enous molecules may be used as an internal standard. The
internal standard may be used to calibrate at least the first
physico-chemical property and optionally the second and/or
third and/or fourth and/or firth or yet further physico-chemi-
cal property.

[0138] The step ofidentifying the first molecules may com-
prise comparing the first physico-chemical property and
optionally the second and/or third and/or fourth and/or fifth or
yet further physico-chemical properties and the determined
mass to charge ratio of the first molecules with an index of
molecules, wherein the index comprises:

[0139] (i) the identity of each indexed molecule;

[0140] (ii) an experimentally determined or predicted first
physico-chemical property of each indexed molecule; and
[0141] (iii)) an experimentally determined or predicted
accurate mass or mass to charge ratio(s) of each indexed
molecule.

[0142] Thefirst molecules comprise a peptide and the index
of molecules comprises an index of peptides.

[0143] The index of peptides may be generated by deter-
mining how one or more proteins might fragment or be
digested so as to result in a plurality of peptides.

[0144] The first molecules may comprise a peptide and the
index of molecules may comprises an index of proteins.
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[0145] Preferably, the first molecules are identified on the
basis of:
[0146] (i) the closeness of fit of the determined mass to

charge ratio of the first molecules with the mass or mass to
charge ratio of an indexed molecule; and/or

[0147] (i) the closeness of fit of the first physico-chemical
property of the first molecules with the first physico-property
of the indexed molecule; and/or

[0148] (iii) the closeness of fit of a second physico-chemi-
cal property of the first molecules with the second physico-
property of the indexed molecule; and/or

[0149] (iv) the closeness of fit of a third physico-chemical
property of the first molecules with the third physico-property
of the indexed molecule; and/or

[0150] (V) the closeness of fit of a fourth physico-chemical
property of the first molecules with the fourth physico-prop-
erty of the indexed molecule; and/or

[0151] (vi) the closeness of fit of a fifth or yet further
physico-chemical property of the first molecules with fifth or
yet further physico-property of the indexed molecule.
[0152] Preferably, the step of identifying the first molecules
comprises calculating the first and/or second and/or third
and/or fourth and/or fifth or yet further physico-chemical
properties from an index of molecules, the index comprising:
[0153] (i) the identity of each indexed molecule; and
[0154] (ii) anexperimentally determined or predicted accu-
rate mass or mass to charge ratio(s) of each indexed molecule.
[0155] The index may comprise a protein or proteome
sequence database, an Expressed Sequence Tag (EST) data-
base or a gene or genome database.

[0156] According to another aspect of the present invention
there is provided a method of generating an index for use in
identifying molecules of biological origin by mass spectrom-
etry comprising:

[0157] accurately determining the masses or mass to charge
ratios of molecules of biological origin;

[0158] determining a first physico-chemical property other
than mass or mass to charge ratio of the molecules of biologi-
cal origin; and

[0159] optionally determining a second and/or third and/or
fourth and/or fifth or yet further physico-chemical property of
the molecules of biological origin.

[0160] According to another aspect of the present invention
there is provided a method of generating an index for use in
identifying molecules of biological origin by mass spectrom-
etry comprising:

[0161] accurately determining the masses or mass to charge
ratios of molecules comprising peptides resulting from the
digestion or fragmentation of a polypeptide or protein;
[0162] determining a first physico-chemical property other
than mass or mass to charge ratio of the molecules comprising
peptides; and

[0163] optionally determining a second and/or third and/or
fourth and/or fifth or yet further physico-chemical property of
the molecules comprising peptides.

[0164] According to another aspect of the present invention
there is provided a method of generating an index for use in
identifying molecules of biological origin by mass spectrom-
etry comprising:

[0165] accurately determining the masses or mass to charge
ratios of molecules comprising peptides resulting from the
digestion or fragmentation of a polypeptide or protein;
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[0166] determining a first physico-chemical property other
than mass or mass to charge ratio of one or more proteins from
which the peptides are derived; and

[0167] optionally determining a second and/or third and/or
fourth and/or fifth or yet further physico-chemical property of
the proteins.

[0168] Preferably, the mass to charge ratio of the molecules
is determined to within 20 ppm, 19 ppm, 18 ppm, 17 ppm, 16
ppm, 15 ppm, 14 ppm, 13 ppm, 12 ppm, 11 ppm, 10 ppm, 9
ppm, 8 ppm, 7 ppm, 6 ppm, 5 ppm, 4 ppm, 3 ppm, 2 ppm, 1
ppm or <1 ppm. Preferably, the mass to charge ratio of the
molecules is determined to within 15-20 ppm, 10-15 ppm,
5-10 ppm or 1-5 ppm. Preferably, the mass to charge ratio of
the molecules is determined to within 0.01 mass units, 0.009
mass units, 0.008 mass units, 0.007 mass units, 0.006 mass
units, 0.005 mass units, 0.004 mass units, 0.003 mass units,
0.002 mass units, 0.001 mass units or <0.001 mass units.
[0169] The first and/or second and/or third and/or fourth
and/or fifth or yet further physico-chemical property may be
selected from the group consisting of: (i) elution time, hydro-
phobicity, hydrophilicity, migration time, or chromato-
graphic retention time; (ii) solubility; (iii) molecular volume
or size; (iv) net charge, charge state, ionic charge or compos-
ite observed charge state; (v) isoelectric point (pl); (vi) dis-
sociation constant (pKa); (vii) antibody affinity; (viii) elec-
trophoretic mobility; (ix) ionisation potential; (x) dipole
moment; (xi) hydrogen-bonding capability or hydrogen-
bonding capacity; and (xii) ion mobility in gas phase.
[0170] A relatively low priority may be assigned to mol-
ecules having masses or mass to charge ratios below a lower
threshold. Indeed such molecules may effectively be ignored.
The lower threshold may be in the range <500, 500-1000,
1000-1500, 1500-2000, 2000-2500, 2500-3000 or 3000-3500
daltons. The lower threshold may for example correspond
with the masses or mass to charge ratios of peptides having
less than 6, 7, 8,9, 10, 11 or 12 amino acids. A relatively low
priority may also be assigned to molecules having masses or
mass to charge ratios above an upper threshold. The upper
threshold may be in the range 5000-5500, 5500-6000, 6000-
6500, 6500-7000, 7000-7500, 7500-8000, 8000-8500, 8500-
9000, 9000-9500, 9500-10000, 10000-10500, 10500-11000,
11000-11500, 11500-12000, 12000-12500, 12500-13000,
13000-13500, 13500-14000, 14000-14500, 14500-15000,
15000-15500, 15500-16000, 16000-16500 and >16500 dal-
tons.

[0171] The first and/or second and/or third and/or fourth
and/or fifth and yet further physico-chemical properties may
be calculated.

[0172] According to another aspect ofthe present invention
there is provided a mass spectrometer comprising:

[0173] amass analyser for accurately determining the mass
to charge ratio of the first molecules;

[0174] whereininuse atleast a first physico-chemical prop-
erty other than mass to charge ratio of the first molecules is
measured and optionally a second and/or third and/or fourth
and/or fifth or yet further physico-chemical property is mea-
sured;

[0175] and wherein the mass spectrometer further com-
prises means for identifying the first molecules on the basis of
at least the first physico-chemical property and the accurately
determined mass to charge ratio of the first molecules and
optionally on the basis of the second and/or third and/or
fourth and/or fifth or yet further physico-chemical property.
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[0176] The first and/or second and/or third and/or fourth
and/or fifth or yet further physico-chemical properties may be
measured using: (i) a liquid chromatography or High Perfor-
mance Liquid Chromatography (“HPLC”) column; (ii) a
reverse phase High Performance Liquid Chromatography
columny; (iii) an ultra High Pressure Liquid Chromatography
column; (iv) a size exclusion chromatography column; (v) an
affinity chromatography column; (vi) a Capillary Electro-
phoresis (“CE”) column; (vii) an ion chromatography col-
umn; (viii) a single dimensional or multi-dimensional elec-
trophoresis device; or (ix) a drift tube comprising a gas.
[0177] The first and/or second and/or third and/or fourth
and/or fifth or yet further physico-chemical properties may
additionally/alternatively be measured from a mass spectrum
of the first molecules. For example, net charge, charge state,
ionic charge or composite observed charge state may be mea-
sured or determined from a mass spectrum by virtue of the
mass to charge ratio separation of peaks in the mass spectrum.
[0178] The first and/or second and/or third and/or fourth
and/or fifth or yet further physico-chemical property may be
selected from the group consisting of: (i) elution time, hydro-
phobicity, hydrophilicity, migration time, or chromato-
graphic retention time; (ii) solubility; (iii) molecular volume
or size; (iv) net charge, charge state, ionic charge or compos-
ite observed charge state; (v) isoelectric point (pl); (vi) dis-
sociation constant (pKa); (vii) antibody affinity; (viii) elec-
trophoretic mobility; (ix) ionisation potential; (x) dipole
moment; (xi) hydrogen-bonding capability or hydrogen-
bonding capacity; and (xii) ion mobility in gas phase.
[0179] The mass to charge ratio of the first molecules is
preferably determined to within 20 ppm, 19 ppm, 18 ppm, 17
ppm, 16 ppm, 15 ppm, 14 ppm, 13 ppm, 12 ppm, 11 ppm, 10
ppm, 9 ppm, 8 ppm, 7 ppm, 6 ppm, 15 ppm, 4 ppm, 3 ppm, 2
ppm, 1 ppm or <1 ppm. Preferably, the mass to charge ratio of
the first molecules is determined to within 15-20 ppm, 10-15
ppm, 5-10 ppm or 1-5 ppm. Preferably, the mass to charge
ratio of the first molecules is determined to within 0.01 mass
units, 0.009 mass units, 0.008 mass units, 0.007 mass units,
0.006 mass units, 0.005 mass units, 0.004 mass units, 0.003
mass units, 0.002 mass units, 0.001 mass units or <0.001 mass
units.

[0180] The mass spectrometer may comprise a Fourier
Transform (“FT”’) mass spectrometer, a Fourier Transform
Ion Cyclotron Resonance (“FTICR”) mass spectrometer, a
Time of Flight (“TOF”) mass spectrometer, an orthogonal
acceleration Time of Flight (“0aTOF”) mass spectrometer, a
magnetic sector mass spectrometer, a quadrupole mass analy-
ser, an ion trap mass analyser or a Fourier Transform orbitrap,
electrostatic Ion Cyclotron Resonance mass spectrometer or
electrostatic Fourier Transform mass spectrometer.

[0181] The mass spectrometer preferably further com-
prises an ion source for generating mainly molecular or
pseudo-molecular ions. The ion source may comprise an
atmospheric pressure ionization source e.g. an Electrospray
ionisation (“ESI”) ion source, an Atmospheric Pressure
Chemical lonisation (“APCI”) ion source, an Atmospheric
Pressure Photo Ionisation (“APPI”) ion source or an atmo-
spheric pressure Matrix Assisted Laser Desorption lonisation
(“MALDI”) ion source. Alternatively, the ion source may
comprise a non-atmospheric pressure ionization source e.g. a
Fast Atom Bombardment (“FAB”) ion source, a Liquid Sec-
ondary lons Mass Spectrometry (“LSIMS”) ion source, a
Matrix Assisted Laser Desorption Ionisation (“MALDI”) ion
source, a Matrix Assisted Laser Desorption (“MALDI”) ion
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source in combination with a collision cell for collisionally
cooling ions or a Laser Desorption lonisation (“LDI”) ion
source.

[0182] According to another aspect ofthe present invention
there is provided a mass spectrometer comprising:

[0183] identification means for identifying first molecules
analysed by the mass spectrometer, wherein the identification
means refers, in use, to an index of molecules, the index
comprising:

[0184] (i) the identity of each indexed molecule;

[0185] (ii) an experimentally determined or predicted first
physico-chemical property of each indexed molecule;
[0186] (iii)) an experimentally determined or predicted
accurate mass or mass to charge ratio(s) of each indexed
molecule; and

[0187] (iv)optionally an experimentally determined or pre-
dicted second and/or third and/or fourth and/or fifth or yet
further physico-chemical property of each indexed molecule.
[0188] Preferably, the index is at least partially stored or
generated within the mass spectrometer and/or wherein the
index is at least partially stored or generated remotely, pref-
erably on the internet.

[0189] According to another aspect ofthe present invention
there is provided a mass spectrometer comprising:

[0190] identification means for identifying first molecules
analysed by the mass spectrometer, wherein the identification
means refers, in use, to an index of molecules, the index
comprising:

[0191] (i) the identity of each indexed molecule; and
[0192] (ii) anexperimentally determined or predicted accu-
rate mass or mass to charge ratio(s) of each indexed molecule;
[0193] and wherein the identification means further deter-
mines a first physico-chemical property other than mass or
mass to charge ratio of the molecules in the index and option-
ally determines a second and/or third and/or fourth and/or
fifth or yet further physico-chemical property of the mol-
ecules in the index.

[0194] Preferably, the index comprises: (i) a protein or pro-
teome sequence database; (ii) an Expressed Sequence Tag
(EST) database; or (iii) a gene or genome database.

[0195] According to another aspect of the present invention
there is provided method of mass spectrometry, comprising:
[0196] providing a mixture of proteins;

[0197] providing a mixture of peptides derived from at least
some of the proteins;

[0198] measuring a first physico-chemical property other
than mass or mass to charge ratio of either at least one protein
in the mixture of proteins and/or first molecules comprising
peptides in the mixture of peptides;

[0199] optionally measuring a second and/or third and/or
fourth and/or fifth or yet further physico-chemical property
other than mass or mass to charge ratio of either the at least
one protein in the mixture of proteins and/or the first mol-
ecules comprising peptides in the mixture of peptides;
[0200] accurately determining the mass to charge ratio of
the first molecules comprising peptides; and

[0201] identifying the first molecules comprising peptides
on the basis of at least the measured first physico-chemical
property other than mass or mass to charge ratio of either at
least one protein in the mixture of proteins and/or first mol-
ecules comprising peptides in the mixture of peptides and the
accurately determined mass to charge ratio of the first pep-
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tides and optionally also on the basis of the second and/or
third and/or fourth and/or fifth or yet further physico-chemi-
cal properties.

[0202] The preferred embodiment provides an analytical
method that identifies and/or quantitates the biopolymers
present in a mixture.

[0203] The biopolymers may be proteins. The mixture
under study may be fractionated by one or more separation
steps while recording the retention times of each component.
Where the biopolymers are proteins, each fraction may then
subjected to enzymatic digestion of to obtain mixtures of
peptides. These peptide pools may then fractionated by one or
more separation steps while recording the retention times of
each component. Each fraction may then subjected to mass
spectrometry to determine the masses and areas of the pep-
tides. Throughout these processing steps a variety of internal
standards and calibrants may be introduced into the samples
in order to monitor the performance and reproducibility of the
processes.

[0204] An appropriate database may be computationally
constructed for the samples under investigation. This data-
base may comprise a collection of sequences of proteins
hypothesized to be present in the samples under study and
may include known and/or hypothesized post-translational
modifications. The database may then be expanded by pre-
dicting, (a) the retention times of proteins based on experi-
mental parameters used; (b) the peptides generated by enzy-
matic digestion on experimental parameters used; (c) the
retention times of peptides based on experimental parameters
used; and (d) the masses of the peptides.

[0205] The experimental data is compared with the com-
putationally generated database. Each data point is assigned a
peptide based on the statistical significance of the correlation
thereby identifying the proteins in the mixture(s). Further-
more, the areas of the assigned peptides are compared
between protein mixtures to determine the relative change of
peptides and/or post-translationally modified peptides.
Finally, the quantitative information gained from this analysis
may be used to validate the protein assignments.

[0206] Mass spectrometry is used for characterization of
the accurate mass of a plurality of biological molecules in a
mixture, particularly wherein one or more of the biological
molecules is characterized, such that one or more of the
mixture’s components may be identified and/or quantitated.

[0207] A method is provided for determining which mem-
bers of a set of candidate biopolymers are present in a mixture
of sample biopolymers. The method comprises the steps of:

[0208] (a) optionally subjecting the mixture of sample
biopolymers to one or more fractionation steps, so as to obtain
a plurality of sample biopolymer fractions;

[0209] (b) selectively digesting a plurality of the sample
biopolymers, to obtain a digest comprising a mixture of
sample fragments;

[0210] (c) subjecting the digest to one or more fractionation
steps, so as to obtain a plurality of sample fragment fractions;
[0211] (d) determining the accurate masses of individual
sample fragments present in one or more fractions;

[0212] (e) attributing one or more physicochemical prop-
erties to the individual sample fragments, based upon the
particular sample fragment fraction each individual sample
fragment was fractionated into;

[0213] (f) optionally attributing one or more physicochemi-
cal properties to the sample biopolymers from which the
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sample fragments were derived, based upon the particular
sample biopolymer fraction the sample biopolymers were
fractionated into; and

[0214] (g) identifying individual sample fragments by
comparing the accurate mass and attributed physicochemical
properties of the sample fragments with the accurate masses
and physicochemical properties of candidate fragments
derived from a set of candidate biopolymers that are known to
have some probability of being present in the sample.
[0215] Optionally, the attributed physicochemical proper-
ties of the sample biopolymers from which the sample frag-
ments were derived are compared to the physicochemical
properties of the candidate biopolymers, and a candidate
biopolymer is identified as being present in the sample on the
basis of the identification in step (g) of one or more fragments
thereof in the sample fragment mixture.

[0216] Preferably, the accurate masses and physicochemi-
cal properties of candidate fragments are stored in a calcu-
lated fragment map, which is derived from a set of candidate
biopolymers that are known to have some probability of being
present in the sample.

[0217] Inoneembodiment, the method includes generating
a sample fragment map which correlates the accurate mass of
individual sample fragments with the attributed physico-
chemical properties of the individual sample fragments. The
identification of individual sample fragments is done by com-
paring the sample fragment map to the calculated fragment
map.

[0218] Optionally, a known amount of one or more refer-
ence biopolymers is added at any time prior to determining
the accurate masses of the individual sample fragments. Pref-
erably, the reference biopolymers are added prior to selec-
tively digesting the plurality of sample biopolymers. Prefer-
ably, the physicochemical properties of the reference
biopolymers are known, and are used to validate the physi-
cochemical properties attributed to the particular sample
biopolymer fractions that the sample biopolymers were frac-
tionated into.

[0219] In another embodiment, the relative amounts of
individual sample fragments and reference biopolymer frag-
ments are determined. Preferably, one or more reference
biopolymers are added to a plurality of sample biopolymer
mixtures, sample biopolymer fractions, digests, or sample
fragment fractions.

[0220] In the above-described methods, the accurate
masses are preferably determined by mass spectrometry.
Preferably, the methods are carried out without obtaining
secondary MS/MS mass spectra of the measured fragment
ions.

[0221] Among the physicochemical properties employed
according to the preferred embodiments are pl, chromato-
graphic retention time, electrophoretic mobility, ionic charge,
ionization potential, hydrophilicity, hydrophobicity, dipole
moment, size, hydrogen-bonding capability, and antibody
affinity.

[0222] Preferably at least one fractionation step employed
in the methods of the preferred embodiment is reverse-phase
chromatography.

[0223] The methods of the preferred embodiment are par-
ticularly suitable where the biopolymer is a protein. The
methods are preferably applied to mixtures comprising at
least 100, 1000 or 5,000 or more proteins.

[0224] The preferred embodiment provides an analytical
method for identifying and quantitating the proteins present



US 2008/0135744 Al

in a complex mixture of proteins. In this embodiment, the
method comprises the steps of:

[0225] subjecting a mixture of proteins to one or more
separation steps while recording the associated retention and/
or migration times;

[0226] selectively digesting the proteins present in the
resulting fractions to obtain mixtures of protein fragments;
[0227] subjecting the resulting mixtures to one or more
separation steps while recording the associated retention and/
or migration times;

[0228] accurately measuring the masses of individual pro-
tein fragments in the resulting fractions by mass spectrom-
etry; and

[0229] identifying individual protein fragments by compar-
ing the measured masses and retention and/or migration times
of the protein fragments with calculated values.

[0230] In a preferred embodiment, the method includes a
determination of the relative amounts of individual protein
fragments, based on the mass spectral response. In another
embodiment, the relative amounts of individual protein are
used to help identify the proteins.

[0231] In the above-described embodiments, retention and
or migration times are preferably obtained from appropriate
modes of high performance chromatography, electrophore-
sis, and ion mobility mass spectrometry.

[0232] According to an embodiment amino acid modifica-
tions and the relative amounts thereof may be identified and
measured. An embodiment will be described below in further
detail with respect to the analysis of protein mixtures. With
modifications known to be appropriate to the particular
biopolymer under study, the methods of the preferred
embodiment may also be applied to RNA, DNA and polysac-
charides.

[0233] A method for the identification and quantitation of
biopolymers in mixtures is disclosed. The biopolymer may be
a protein or peptide, a nucleic acid, or a polysaccharide,
preferably a protein or peptide or nucleic acid, and most
preferably a protein or peptide. The method is capable of
identifying and quantitating one or more biomolecules from
very complex mixtures, for example nucleic acids present in
a genome and proteins present in a proteome.

[0234] According to an embodiment there is provided the
selective cleavage of the macromolecules with reagents that
cleave only at selected sites of the macromolecule, for
example cleavage of nucleic acids by restriction enzymes,
cleavage of proteins by selective peptidases, and cleavage of
polysaccharides by glycosidases. Among the peptidases that
may be employed are trypsin, endoprotease-LysC, endopro-
tease-ArgC, endoprotease GluC, and chymotrypsin. The
selective cleavage is preferably followed by separation of the
resulting fragments on the basis of at least a first physico-
chemical property, and optionally further separation on the
basis of a second, third or further physico-chemical proper-
ties. The mass of the fragments are then measured with high
precision, and by comparison of the results to a database of
expected fragments which contains information about their
exact mass and physico-chemical properties, the method
arrives at the identity of the fragments. From the identity and
quantity ofthe fragments, the identity and original quantity of
the biopolymer can be determined.

[0235] In the case of proteins, the method combines the
exact mass of peptide fragments with one or more physico-
chemical properties of the peptide fragments, to identify the
fragments and assign them to known proteins. This method is
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used to create detailed ion maps of proteins in the proteome.
These ion maps will simultaneously yield accurate identifi-
cation of and quantitative information regarding proteins in
the proteome.

[0236] The mass of enzymatically or chemically derived
peptides is preferably measured or determined to an accuracy
of'about 10 ppm, most preferably to an accuracy of about 5
ppm, and particularly preferred to an accuracy of about 1 to
about 5 ppm, or less.

[0237] Included in the ion maps is information regarding
one or more physico-chemical properties of these enzymati-
cally or chemically derived peptides defined within the
experimental parameters. This physico-chemical information
may include, but is not limited to, the accurate mass, hydro-
phobicity/hydrophilicity, and net charge. In addition, the pro-
teins in the sample mixture(s) may be pre-fractionated or
fractionated by any of a number of different methods includ-
ing through the use of column matrices, such as but not
limited to size exclusion, cation exchange, anion exchange,
heparin, sepharose. This fractionation may occur prior to
and/or following enzymatic or chemical digestion of the pro-
tein mixture. The fractionation may be utilized to generate
one or more sub-fractions, with a thereby assigned character,
which can then be digested and/or further fractionated. This
fractionation and separation process will provide additional
information to be added to the ion map and inputted into an
identification and quantitation algorithm thereby further
increasing the stringency of search.

[0238] The optional incorporation of an internal standard
provides a means for quantitating the abundance of a protein
or peptide, thereby accomplishing absolute quantitation of a
protein or peptide ina sample. Relative quantitation of protein
abundances in complex mixtures is accomplished by compar-
ing ion maps generated in different conditions (e.g. diseased
vs. non-diseased, treated vs. non-treated).

[0239] Thus, an overall method for identitying and quanti-
tating the proteins and/or peptides in a mixture, particularly a
complex mixture is provided, whereby a series of experimen-
tally derived highly accurate molecular masses is correlated
and compared with a database consisting of theoretical
molecular masses. In addition to molecular mass, one or more
physico-chemical properties or characteristics of the proteins
and/or peptides is utilized in correlation and verification of
the mixture proteins/peptides with a database or protein data
set.

[0240] Proteins in a sample mixture being analyzed may be
separated by single or multi-dimensional electrophoresis and/
or chromatography, e.g. size exclusion, anion exchange, cat-
ion exchange, affinity or any combination thereof with each
resulting subset being subject to enzymatic or chemical treat-
ment with the specific intent of generating sub-sequences of
peptides from such. The resulting peptides generated from
each subset may then be subjected to mass spectrometric
analysis, with the separation apparatus preferably directly or
indirectly coupled to a mass spectrometer. More specifically,
with respect to electrospray ionization mass spectrometry, the
elution path of the separation/concentration apparatus can be
directly coupled to the ionization source of the mass spec-
trometer. With respect to nano-electrospray ionization mass
spectrometry, the eluent from the separation/concentration
apparatus can be directly deposited into the nano-electro-
spray emitter or into any connection in fluid registration
therewith. With respect to MALDI mass spectrometry, the
eluent from the separation/concentration apparatus is directly
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deposited in timed fractions, or fractions selected by peak
detection by such methods as UV or fluorescence, onto the
MALDI targets. In all instances, the ultimate outcome will be
generation of a plurality of experimentally derived mass-
charge values whose elution/detection time is based on the
constraints for elution dictated by the previous separation/
concentration apparatus used prior to peptide ionization. A
peak picking algorithm reconstructs a calculated molecular
mass map of each subset of enzymatically or chemically
treated protein or protein pool, included in which is a listing
of all pertinent information relating to the creation of the
subset. More specifically included will be the molecular
weight range of the intact protein(s), the intact protein(s) net
charge, and the intact protein(s) affinity to name only a few.
Also included may be properties including but not limited to
the net charge, hydrophobicity, hydrophilicity, and electro-
phoretic mobility of each separated sub-sequence from the
enzymatically or chemically treated peptide pools prior to
ionization.

[0241] Further, a control or controls of known concentra-
tion may optionally be included and placed directly into the
selected separation buffers prior to peptide ionization or
directly into the pre-separated/concentrated peptide subsets.
Preferably, the control will be approximately equimolar and
of a type that will not interact with the separation/concentra-
tion support matrix. The addition of the control(s) in a known
concentration will facilitate quantitation of the identified pro-
teins.

[0242] Identifications may be made using any of a number
of different non-redundant protein or nucleotide sequence
databases, such as for example, Genbank, SWISS-PROT,
EMBLE, TREMBLE, Pdb, Genseq, etc. These databases may
be used to predict highly accurate molecular mass maps of
any of a number of different enzymatically or chemically
digested proteins for comparison with the experimentally
derived data. In one embodiment, proteins having a statisti-
cally relevant number of peptides whose calculated molecular
masses are substantially equal to that of the method’s predic-
tion are identified as candidate proteins. For each candidate
protein, a plurality of peptide molecular masses are identified
based on their accuracy to the method’s prediction resulting in
a ranked predicted protein list. The peptides identified in the
ranked protein list are then cross correlated by their closeness
of fit to the characterized physico-chemical properties,
including for instance hydrophilicity/hydrophobicity, basic-
ity/acidity values of the peptide. In one embodiment, a multi-
step reiterative process of analysis is provided, wherein mass
accuracy is assessed as a first analysis, followed by assess-
ment of correlation by various determined physico-chemical
properties, including hydrophilicity, net charge, and protein
net charge or size depending on how the sample mixture was
fractionated or characterized.

[0243] By characterization of mixtures under different con-
ditions or from different sources, the method of the invention
provides a means for determining protein concentrations, up
and/or down regulation, complex formation, post-transla-
tional modification, and processing of proteins, from non-
equimolar heterogeneous complex protein mixtures. The
skilled artisan may then utilize the resulting information to
determine and/or identify therapeutically or diagnostically
relevant targets for study, screening, or intervention.

[0244] The preferred embodiment provides a means for
quantitatively comparing the relative level of chemical com-
ponents contained in two or more complex chemical mixtures
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such as those which may be encountered in the field of
metabolomics or proteomics or other life science comparative
experiments. In at least one embodiment, the method of the
invention provides information that may be used to qualita-
tively identify one or more chemical components in each
chemical mixture.

[0245] Anembodiment includes the steps of measuring two
or more physico-chemical properties of each chemical com-
ponent in a mixture with one of these properties being its
accurate mass as determined by mass spectrometry. Other
physico-chemical properties include, for example, order of
elution in one or more specifically defined chromatographic
separations, net charge, pl, pKa, and antibody affinity. The
accurate mass and physico-chemical property collection of
information measured for each component provides a distin-
guishing signature for each component in each mixture.
Finally, the method of the invention includes the step of
measuring the mass spectrometric signal intensity or chro-
matographic peak area of each chemical component in each
mixture. Preferably this intensity or peak area measurement is
based on accurate mass.

[0246] As previously mentioned, a highly desirable task in
comparative life science experiments is to determine whether
any chemical components in two or more mixtures of samples
of'biological origin have changed in their level of abundance
relative to other chemical components common to each mix-
ture. The method of the invention allows chemical compo-
nents common to each sample mixture to be matched based
ontheir physico-chemical property distinguishing signatures.
It is not necessary for the chemical identity of each compo-
nent to be known for a match to be accomplished. It is only
necessary that the accurate mass and physico-chemical prop-
erty signature of each chemical component allows it to be
uniquely distinguished from other chemical components in
the mixture. The determination of the relative abundance of
each matched chemical component is made by first determin-
ing the abundance of that chemical component relative to the
abundance of a second endogenous chemical component
common to both mixtures that has been determined to be
unchanged in a statistically significant manner in its relative
abundance level in the two sample states being compared. An
endogenous chemical component with these properties
serves as an internal standard. The ratio of each matched
chemical component in each mixture relative to the same
endogenous internal standard in each mixture is then com-
pared to provide the relative abundance level difference of
each matched chemical component in each mixture. In some
instances the addition of exogenous chemical species to each
chemical mixture as internal standards may facilitate esti-
mates of recovery, enzymatic digestion efficiency when
applicable, accurate mass measurement and chromatographic
elution time correction.

[0247] Insomelife science experiments, the chemical com-
ponents in a sample mixture are known to be constrained to a
well characterized list of chemical components. For example,
in a proteomics experiment, the proteins being studied may be
known to emanate from a particular organism or a well char-
acterized fraction or subset of the proteome of a particular
organism. The proteins which could be contained in such a
sample or sample sub-fraction in many cases are substantially
known. Accordingly the polypeptides produced when such a
protein mixture is enzymatically digested using a selective
peptidase may be predicted and the accurate mass and many
of the physico-chemical properties of each of these polypep-
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tides may be calculated. A preferred method allows the
empirically measured accurate mass and physico-chemical
properties of each unknown polypeptide in a mixture to be
compared to the calculated accurate mass and physico-
chemical properties of each polypeptide that could be theo-
retically contained in the mixture. The chemical identity of a
polypeptide in the unknown mixture may be ascertained by its
closeness of fit to the accurate mass and physico-chemical
properties of a polypeptide that could theoretically be con-
tained in the mixture. Generally, a polypeptide is unique to a
particular protein. Therefore, the identification of a particular
polypeptide also generally provides a unique identification of
the protein parent to that polypeptide. The identification of a
protein is further confirmed when more than one polypeptide
is identified that is unique to that protein.

[0248] In the study of proteins, another embodiment of the
invention allows the detection of post translationally modi-
fied forms of the constrained group of proteins or a subset
thereof that could be theoretically contained in the mixture
being studied. This method also provides for the detection of
modified forms of the constrained group of proteins that
could theoretically be contained in the mixture or a subset
thereof which arise from one or more amino acid substitu-
tions. This embodiment examines the entire measured
polypeptide accurate mass and physico-chemical property
data set for additional polypeptides which differ in mass by an
exact amount which corresponds to the difference in mass of
apost translational modification or an amino acid substitution
of a polypeptide that theoretically could emanate each of the
proteins in the constrained group of proteins or a subset
thereof that could theoretically be contained in the unknown
mixture being studied. The identity of each of these candidate
post-translationally modified and amino acid substitution
forms of this initial protein data set may be further confirmed
by its conformance with other calculated physical chemical
properties. For example, a phosphorylated form of a polypep-
tide would not only exhibit an exact mass difference conform-
ing to the addition of a phosphorylation group, but it would
only be likely to occur in mammalian systems if the non-
phosphorylated form of the polypeptide contained one of the
amino acids: serine, tyrosine, or threonine. In bacterial sys-
tems this list of amino acids could be extended to include
histidine. Finally, the phosphorylated form of the polypeptide
would be expected to be more hydrophilic than the non-
phosphorylated form and it would therefore be expected to
exhibit a slightly shorter elution time in a reverse phase chro-
matography separation.

[0249] The method of the preferred embodiment is appro-
priate for the analysis of mixtures where different chemical
components of the mixture are first separated or partially
separated by one or more dimensions of well defined chro-
matography that causes components to elute sequentially and
in a reproducible manner.

[0250] A variety of mass spectrometry systems can be
employed in the methods of the invention. Ideally, mass spec-
trometers capable of high mass accuracy, high sensitivity and
high resolution are employed. The mass analyzers of such
mass spectrometers include, but are not limited to, quadru-
pole, Time of Flight, ion trap, magnetic sector or FT-ICR or
combinations thereof. Ideally the ion source of the mass
spectrometer should yield mainly sample molecular ions, or
pseudo-molecular ions, and few fragment ions. Examples of
such ion sources include atmospheric pressure ionization

Jun. 12, 2008

sources (e.g. electrospray and atmospheric chemical ioniza-
tion) and Matrix Assisted Laser Desorption lonization
(“MALDI”).

[0251] Ideally the mass spectrometer will accurately mea-
sure the mass of a chemical species of interest to within 20
ppm of its exact or calculated mass, more preferably to accu-
racy to within 10 ppm of its exact or calculated mass, and
most preferably to an accuracy within 5 ppm of its exact or
calculated mass.

[0252] Ideally the mass analyzer should sample and record
the whole mass spectrum simultaneously and with a fre-
quency that allows enough spectra to be acquired for a plu-
rality of components in the mixture to ensure that the mass
spectrometric signal intensity or peak area is quantitatively
representative. This will also ensure that the elution times
observed for all the masses would not be modified or distorted
by the mass analyzer and it would help ensure that quantita-
tive measurements are not compromised by the need to mea-
sure abundances of transient signals.

[0253] The preferred embodiment takes advantage of the
fact that each chemical component in a complex chemical
mixture can be characterized in a highly specific manner by
measurement of its accurate mass and one or more additional
physico-chemical properties. This highly specific informa-
tion allows chemical components common to different
chemical mixtures to be matched and quantitatively com-
pared. In some experiments, when the chemical components
in a sample mixture are known to be constrained to a well
characterized list of chemical components, it is also possible
to qualitatively identify the chemical components in the mix-
ture.

[0254] Although the methods of the preferred embodiment
may be applied to a wide variety of life science experiments,
the description of its application to the qualitative and quan-
titative characterization of a protein mixture is illustrative.
The protein mixture may be simple in composition or it may
be comprised of at least 100 proteins or even greater than
1,000 proteins.

[0255] According to an embodiment the method comprises
the following steps:

[0256] subjecting a mixture of proteins to one or more
separation steps while recording the physico-chemical prop-
erties of each fraction collected;

[0257] digesting the proteins present in the resulting frac-
tions with a selective peptidase to obtain mixtures of protein
fragments or polypeptides;

[0258] subjecting the resulting polypeptide mixtures to one
or more chromatographic separation steps while recording
the associated chromatographic elution times;

[0259] accurately measuring the masses of individual
polypeptides in the resulting fractions by mass spectrometry;
[0260] identifying individual polypeptides by comparing
their measured accurate mass and one or more physical
chemical properties to the calculated accurate mass and
physico-chemical properties of polypeptides which could
theoretically be associated with a constrained list of proteins
that is representative of the sample being studied.

[0261] In some situations it is of interest to quantitatively
compare the relative level of individual proteins in two dif-
ferent sample mixtures of biological origin. For example, the
two protein mixtures may be representative of two different
states of an organism such as diseased versus normal or
treated versus untreated. The information gained above facili-
tates such a quantitative assessment. Mixtures of this type
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which are of similar biological origin and which been pre-
pared in a nearly identical manner according to good analyti-
cal practice are for the most part very similar qualitatively and
quantitatively in chemical composition. In general, most of
the proteins in such mixtures are qualitatively the same and
they are present in the same relative abundance. Polypeptides
from these proteins represent a pool of endogenous internal
standards which facilitate the discovery and quantitative mea-
surement of polypeptides and hence the proteins that have
changed in their relative abundance in the two sample states
being compared.

[0262] According to an embodiment the method comprises
matching polypeptides that are common to the one or more
mixtures being compared based on their distinguishing accu-
rate mass and physical chemical properties. Itis not necessary
for the chemical identity of each polypeptide to be known for
a match to be accomplished. It is only necessary that the
physico-chemical property signature of each polypeptide
allows it to be uniquely distinguished from other polypep-
tides in the mixture. A number of endogenous polypeptides
may be tested to determine if they qualify as internal stan-
dards. A polypeptide qualifies as an internal standard if its
abundance level relative to other specific polypeptides in the
mixture does not vary in a statistically significant manner
when compared to the same polypeptide abundance ratios in
the other sample state mixtures of interest. The ratio of the
abundance of each polypeptide in each mixture relative to the
abundance of a designated internal standard common to each
mixture may be determined. This ratio may be compared for
each polypeptide which has been matched between mixtures
to determine if its relative expression level has changed
between the sample states being compared.

[0263] Complex sample mixtures may be separated by
using a variety of physical processes, such as for example,
centrifugation, or through the use of one or more dimensions
of chromatography such as, for example, size exclusion,
anion exchange, cation exchange, gel electrophoresis, normal
phase, reverse phase or combinations thereof. These separa-
tion steps may be done off-line or on-line with the mass
spectrometric measurement process. In the investigation of
biopolymers, as for example proteins, the separations may
optionally be done on the intact proteins prior to enzymatic
digestion as well as on the protein digestion products. The
primary goal of the separation process is to produce fractions
in a well defined and reproducible manner. In many cases
these separation processes will produce sample fractions with
definable physico-chemical properties.

[0264] Anembodiment includes the steps of measuring two
or more physico-chemical properties of each chemical com-
ponent in a mixture with one of these properties being its
accurate mass as determined by mass spectrometry. The
chemical components common to two different mixtures are
allowed to be matched and compared quantitatively based on
the distinguishing nature of this accurate mass and physico-
chemical property information. These chemical components
can also be qualitatively identified when their measured accu-
rate mass and physico-chemical properties can be matched
against the calculated accurate mass and physico-chemical
properties of a constrained list of chemical species which are
known to represent the chemical mixture being studied.
[0265] There are a plurality of chemical species in many
chemical mixtures of biological origin that have calculated
molecular masses which are unique unto themselves within
some mass tolerance. It is possible to assign a unique signa-
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ture to a chemical component in a mixture based on accurate
mass measurement alone if the inherent mass error of the
mass spectrometric measurement process is sufficient to dis-
tinguish it from other components in the mixture that are
similar in mass.

[0266] Additional physico-chemical properties which
could provide unique signature information for a chemical
component in a complex mixture of biological origin are, for
example, solubility, hydrophobicity, hydrophilicity, net
charge, pl, pKa, molecular volume, and antibody affinity.
Some of these parameters can be related to a chemical com-
ponent’s measured elution order in a chromatographic sepa-
ration. One such distinguishing physico-chemical property is
elution order in a reverse phase chromatographic separation
which is a measure of the hydrophobicity of a chemical com-
ponent. Chromatographic retention time or relative retention
time in combination with accurate mass is frequently suffi-
cient to uniquely distinguish a chemical component in a com-
plex metabolite mixture or a protein digest mixture thus
allowing its relative abundance to be quantitatively compared
to a like component in a second mixture. This concept can be
extended to include the actual qualitative identification of
polypeptides in a protein digest mixture if the composition of
the unknown sample is known to be constrained to a particular
list of proteins. In this case the elution order of an unknown
polypeptide relative to known polypeptide standards is used
to estimate its hydrophobicity. This measured value of hydro-
phobicity can then be compared to the theoretical hydropho-
bicity of all the polypeptides which could theoretically be
contained in the mixture. This hydrophobicity constraint in
combination with accurate mass may be used to uniquely
identify the unknown polypeptide.

[0267] Another example physico-chemical property which
is of utility as a distinguishing chemical signature is isoelec-
tric point (pl). Intact proteins may be electrophoretically frac-
tionated on the basis of (pI). Small molecules and polypep-
tides may be fractionated under appropriate conditions by on
exchange chromatography on the basis of pI. These measured
values of pl for an unknown chemical species can be com-
pared to calculated values of pl for chemical species which
could theoretically be contained in the mixture of interest.

[0268] Yet another example physico-chemical property
which is of utility as a distinguishing chemical signature is
charge state as ascertained in the mass spectrometric mea-
surement process. This is of particular value as a distinguish-
ing signature for polypeptides. The present inventors have
empirically determined that a polypeptide ion’s charge-state
(2%, 3*, 4*, etc.) can be estimated from the length of its
sequence and the number of basic amino acids contained in its
sequence. For example, such information allows the correct
polypeptide to be identified when more than one polypeptide
that could be theoretically contained in the mixture of interest
is consistent with the measured accurate mass of the unknown
peptide.

[0269] The meaning of a number of terms used throughout
the present application will now be given. “AEX” stands for
Anion Exchange High Performance Liquid Chromatography.
“Area” is the mass spectral signal integrated over time for a
measured polypeptide fragment. “Area Ratio” is the division
of'the area from a peptide in a given sample (such as Experi-
mental) by the area from a peptide in another sample (such as
Control). “B&B” is the Bull and Breese value, a measure of
hydrophobicity. See H. B. Bull, K. Breese, Hydrophobicity
estimates for proteins and peptides, Arch. Biochem. Biophys.
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161:665-670 (1974). “Calibration Lock Mass” is where an
analyte is used to correct for fluctuations in mass measure-
ments during data acquisition, in order to improve mass accu-
racy. “CAM” stands for Carboxyamidomethyl group, a
chemical moiety usually attached to sulthydryl groups by
treatment of a protein or peptide with a reducing agent such a
mercaptoethanol or dithiothreitol, followed by the alkylating
agent 2-iodoacetamide. “Candidate Protein” is a protein to
which a statistically significant number of peptides can be
assigned by mass alone. “CEX” stands for Cation Exchange
High Performance Liquid Chromatography. “Charge-State”
is the number of protons attached to a peptide molecule dur-
ing the ionization (ion formation) process in the ion source of
a mass spectrometer. “Composite lon Map” is a list of all
measured physiochemical properties and areas of all peptides
and all proteins identified and qualified in an Ion-Mapping
experiment. “Composite UML” is a non-redundant list gen-
erated by comparing two of any types of Unique Mass Lists
(UMLs). Included in the Composite UML is the status of each
peptide as a function of their UMLs. This process is repeat-
able to generate further Composite UMLs. “Compressed
UML” is the intersected portion of a Composite UML, where
the area(s) are the median values. “Database” is a collection
of sequences of proteins and/or peptides hypothesized to be
present in the proteome under study, including all their
respective physiochemical properties. “Endogenous Refer-
ence Protein (ERP)” is an endogenous protein hypothesized
to be present in all the samples and used for normalization of
experimental parameters. “HPLC Index” is a measure of
hydrophobicity. See Biochemistry, 25:5425 (1986). “Inten-
sity Value” is the sum of all centroided mass spectral signals
for all isotopes of all charge-states of any ion exceeding the
minimum threshold for ion detection. “Internal Reference
Protein (IRP)” is an exogenous protein introduced into a
sample under study and used for normalization of experimen-
tal parameters. “Internal Standard (IS)” is an exogenous pep-
tide, of known molecular weight and concentration, added to
the peptide fractions immediately prior to the final separation.
“lon Map” is a list of all measured physiochemical properties
and areas of all peptides from a single protein identified and
qualified in an Ion-Mapping experiment. “Physico-chemical
Property” is any measurable characteristic of a protein, pep-
tide or other biological molecule which may serve as a basis
for its separation or description. “Post-Translational Modifi-
cation(s) (PTM)” are all changes to a protein following its
assembly from individual amino acids. “Post-Translational
Modification (PTM) Candidate” is a peptide whose changes
in physico-chemical properties support the hypothesis of
post-translational modification. “Proteome” is the proteins
present in a living cell at any given point in time. “Qualifica-
tion Algorithm™ is a computational tool which uses experi-
mental values contained in any UML, Composite UML, Ion
Map, and/or Composite lon Map and compares it with calcu-
lated values from database(s) in order to identify peptides,
and thereby proteins, in the mixture(s). “Qualified Protein™ is
a protein to which a statistically significant number of pep-
tides can be further assigned by physico-chemical properties
other than mass. “Signature peptide” is a peptide that can be
assigned to a protein based on mass alone. “Unique Mass List
(UML)” is a non-redundant list of values such as mass, area,
retention time, charge-state etc., obtained from an Ion-Map-
ping experiment. “Unique Mass List Browser (UMLB)” is a
software tool designed to compare and normalize any two
UMLs, Composite UMLs or Composite lon Maps in order to
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determine their comparative status. “Unique Mass List Gen-
erator (UMLG)” is a user-definable software tool that inter-
rogates and reduces raw data generated from an Ion Mapping
experiment to extract a non redundant list of data points. “Up
Regulation, Down Regulation” is the change in the abun-
dance of a peptide or protein between two physiological
conditions. “Validated protein” is a qualified protein whose
peptides all track quantitatively between two experiments.
[0270] Various embodiments of the present invention will
now be described, by way of example only, and with reference
to the accompanying drawings in which:

[0271] FIGS. 1A-1F show a flow chart depicting a method
for analyzing differential protein expression by ion mapping;
[0272] FIG. 2 shows hydrophobicity versus retention time
on a reverse-phase HPL.C column for a collection of tryptic
fragments of bovine serum albumin (BSA) which may be
used as an internal standard;

[0273] FIG. 3 shows plots of ion intensity versus amount of
BSA introduced to the spectrometer for three fragment pep-
tide ions;

[0274] FIG. 4 details the composition of two mixtures;
[0275] FIG. 5 shows a histogram of observed versus theo-
retical abundance for a mixture B/mixture A;

[0276] FIG. 6 shows a BSA unique mass list;

[0277] FIG. 7A shows an indexed peptide database for
Bovine Serum Albumin which is continued on FIG. 7B;
[0278] FIG. 8 shows measured and calculated match results
for a BSA protein digest;

[0279] FIGS. 9A-9F detail a protein qualitative match; and
[0280] FIG. 10 shows a rat urine metabolism comparative
study.

E. COLI
[0281] There are a substantial number of peptides whose

calculated molecular masses are unique unto themselves
within some mass tolerance. Clearly the more accurate the
measuring device, the better the chances are of identifying a
large number of these types of peptides. Peptides that have no
neighbors within the inherent mass error of the measuring
device are referred to as Accurate Mass Signature lons for
their respective parent protein. To illustrate this point, a non-
redundant protein database of the proteome of E. coli was
indexed using the Indexing Algorithm described below.
When the entire E. coli proteome was analyzed, in silico, for
the expected products of digestion with trypsin, 191,777
theoretical peptides were generated. The Indexer was set to
report only those peptides between molecular mass 500 and
5000 with up to one missed cleavage. Calculated theoretical
physico-chemical properties include but were not limited to
the predicted retention time and the predicted charge state.
The indexed database was queried for those peptides that
were unique to within 5 ppm of their corresponding accurate
mass (i.e. for which no other peptide in the database had a
mass within 5 ppm). The query resulted in a list of 20,455
peptides identifying 4023 (95%) of the 4234 annotated pro-
teins in the non-redundant E. coli database.

[0282] The in-silico analysis illustrates the ability to quali-
tatively identify 95% ofthe proteins inthe E. co/i proteome by
generating an accurate mass measurement of the signature
ions from each respective protein. However, this does not
mean that an experimental enzymatic digestion of a whole-
cell lysate will produce all theoretical signature peptides from
all the proteins in the proteome. Typically any type of mass
spectrometric analysis of an enzymatically or chemically
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fragmented protein results in a sequence coverage of between
20 and 60%, therefore increasing the number of signature
ions per protein becomes important if the goal is to qualita-
tively identify as many proteins as possible in a proteome. In
the case of the trypsin-treated . coli proteome (with up to one
missed cleavage) only 10.6% of the peptides are signature
ions. So the question becomes, how can one increase the
number of signature ions per protein as the sample becomes
more complex.

[0283] To increase the number of signature ions per protein
the method of the preferred embodiment employs a second
fractionation method utilizing an additional physico-chemi-
cal property, preferably hydrophobicity. Just as each amino
acid has a defined molecular mass, each also has a defined
hydrophobicity and can be separated according to this prop-
erty using the appropriate chromatographic column and sol-
vent system, typically reverse-phase liquid chromatography.
The hydrophobicity of a peptide may be calculated by sum-
ming the hydrophobicity value for each amino acid in a pep-
tide sequence. In some instances the value is corrected by
multiplying the sum by a correction coefficient, which
directly relates to the peptide length. Thus a peptide’s hydro-
phobicity can be considered to be a second physical constant,
i.e. a second physico-chemical property. By using a hydro-
phobicity curve generated by accurate mass analysis of an
Intact Reference Protein, each of the theoretical peptides in
the indexed non-redundant E. coli database may be assigned
a calculated hydrophobicity and a theoretical retention time.
One can then query the database for ions that are unique
(hydrophobicity signature ions) within some retention time
window. For example, setting the retention time window to
+/-2.5 minutes and removing all accurate mass signature ions
from the database, and then querying the indexed non-redun-
dant F. coli database, resulted in 74,239 hydrophobicity sig-
nature ions (38.7%). Combining the two physico-chemical
properties of mass and hydrophobicity identifies 94,671 pep-
tides which are unique to the protein they are derived from.
Querying these 94,671 ions against the indexed non-redun-
dant E. coli database resulted in the identification of 100% of
the 4234 proteins. Depending on the complexity of the pro-
teome under investigation (E. coli 4,234, Yeast 6,173, Human
35,000 plus) it may be necessary to further increase the num-
ber of signature ions per protein to raise the minimum
sequence coverage to some acceptable user-defined level.

[0284] When this is necessary, the preferred embodiment
employs a third physico-chemical property, such as for
example the isoelectric point (pI). Just as each amino acid has
a defined molecular mass and hydrophobicity, it also has a
defined pl and can be separated by ion exchange chromatog-
raphy in conjunction with an appropriate elution gradient and
buffer composition. In instances where peptide pl is
employed as a physico-chemical property, the enzymatically-
derived peptide pool is first separated by ion exchange chro-
matography. Accurate mass physico-chemical property
analysis identifies the peptide ions from the intact reference
protein(s) present in each salt fraction thereby providing a pl
range for each. A pl tolerance window can then be assigned
for each fraction. One can then query the indexed non-redun-
dant E. coli protein database for ions that are unique unto
themselves (pl signature ions) within some pl tolerance win-
dow. For example, setting the pl tolerance window to +/-2 pl
units, removing all accurate mass and hydrophobicity signa-
ture ions, and then querying the indexed non-redundant £.
coli database resulted in 16,470 pl signature ions (8.6%).
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Combining the three physico-chemical properties results in
111,141 peptides which are unique to the protein they are
derived from. Querying these 111,141 ions against the
indexed non-redundant E. coli database resulted in all 4234
proteins (100%) being identified.

[0285] If the desired level of sequence coverage has not
been reached by employing three physico-chemical proper-
ties, a fourth physico-chemical property, such as for example
the charge state of the peptide, can be used. Given a specific
buffer system (typically pH <2) for an accurate mass LCMS
analysis, a peptide ion’s charge-state(s) will be determined by
the peptide length, composition, and sequence. Through mass
spectrometric and physico-chemical property analysis of
many peptides from many different reference proteins, the
present inventors have empirically determined that a peptide
ion’s charge-state (2*, 3%, 4*, etc.) can be predicted from its
sequence and length. As an example, if the sequence is >18
amino acids long and contains an internal basic residue at
position 9 the combined weighted charge-state for that pep-
tide ion will be 2.5+/-0.2. Using these empirically-derived
charge-state rules, the method of the preferred embodiment
assigns a theoretical charge state to each of the 191,777 theo-
retical peptides in the indexed non-redundant £. coli protein
database and generates a list of charge-state signature ions.
[0286] The preferred embodiment optionally employs
additional separation methodologies for further increasing
the number of signature ions per protein. It will be apparent to
those skilled in the art of protein and peptide fractionation that
a variety of different chromatographic separation technolo-
gies may be employed to further fractionate complex
samples. Such separation technologies include but are not
limited to gel permeation (size exclusion) chromatography,
anion and cation exchange chromatography, capillary elec-
trophoresis, isoelectric focusing, and the many forms of affin-
ity chromatography. The separation methods may be applied
to both intact proteins and the peptide fragments derived
therefrom. Preferably, each successive round of separation
increases the number of signature ions unique to the protein
they emanate from, until all proteins within the proteome
under investigation have enough signature ions to achieve the
desired level of peptide identification.

[0287] It will be apparent that as the resolution of the mass
spectrometer decreases, the number of physicochemical
properties, and/or the level of resolution with which they are
measured and calculated, must increase to maintain a given
level of signature ions. For this reason, it is preferable that the
mass spectrometer have the highest possible resolution,
within the practical constraints of expense and throughput.

The Ion Mapping Process

[0288] An example of the preferred ion mapping will now
be described with reference to the “in silico” digestion of
proteins. The amino acid sequences of the proteins of interest
that make up the mixture to be analyzed are examined by any
of several known automated methods to identify cleavage
sites where the enzyme to be used is likely to cleave them.
Programs are available via the world wide web for the pur-
pose of calculating masses of peptide fragments expected
from digestion, for example MS-Digest, located at (http://)
prospector.ucsf.edu/ucsthtml3.4/msdigest.htm. The proteins
of interest may be the entire genome of an organism, and the
sequences may be derived from readily available genomic
and proteomic databases. The peptide fragments expected to
be generated by the enzyme or enzymes to be used may be
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calculated “on the fly” and compared to stored results of an
Ion Mapping experiment and/or the data on the expected
fragments may be pre-calculated and stored, and the results
from an Ion Mapping experiment compared against the stored
data approximately as fast as it is generated.

[0289] In one embodiment of the invention, the method of
creating a theoretical ion map of at least one polypeptide
comprises one or more of the following steps:

[0290] optionally translating sequences in database (e.g.
take a DNA database and translate it into a protein or EST
database);

[0291] calculate predicted molecular weight and pl for
native proteins from which peptides derived;

[0292] associate each peptide to the MW and pl of the
native parent protein;

[0293] perform in silico trypsin digest using known trypsin
substrate patterns (provide reference for predicted trypsin
patterns);

[0294] optionally calculate theoretical accurate mass and/
or mass to charge ratio(s) of each of the resulting fragments;
[0295] optionally set a threshold “Mass Scrutable” Masses
(e.g., >8,000 daltons and <500 daltons—masses much above
about 8,000 daltons are difficult to weigh with the resolution
necessary to identify amino acid composition; peptides
shorter than about 5 amino acids are too common to be of
much diagnostic use);

[0296] optionally set a threshold for calculated missed
cleaves (provide reference for missed cleavages);

[0297] optionally calculate hydrophobicity indices for all
or some peptides (e.g. by the Bull and Breese method);

[0298] optionally calculate the pl for all or some peptides;
[0299] optionally calculate the theoretical charge for all or
some peptides;

[0300] optionally maintain the annotations of each native

parent protein in the database (e.g. a protein database may
incorporate knowledge of post-translational modifications,
splice variants; etc.);

[0301] optionally calculate all of the phosphorylation sites
of native peptide (this may be done via the world wide web,
for example by using the prosite resource at www.expasy.org/
prosite/ (using the http:// protocol) or similar programs run-
ning on a local computer);

[0302] optionally calculate all of the glycosylation sites of
native peptide (this may be done via the world wide web, for
example by using the netOglyc resource at www.cbs.dtu.dk/
services/NetOGlyc/ (using the http:// protocol)).

[0303] FIG.1shows a flow diagram of the steps undertaken
in the ion mapping process. The process as presented in FIG.
1 includes the assessment of a control sample and experimen-
tal sample along with an intact reference protein sample(s).
Each aspect of the process is described in more detail below.

Control Sample/Experimental Sample

[0304] Ion mapping may be used to identify proteins in
complex mixtures and/or to compare quantitatively the rela-
tive expression level of proteins taken from one or more
control and experimental sample sources.

Isolation and Pre-Fractionation of Intact Protein Mixture

[0305] If a goal of the lon Mapping study is to quantita-
tively compare the relative expression level of proteins in two
different samples, then similar amounts of complex protein
mixture would be isolated from one or more control and
experimental sample sources. These intact protein mixtures
may be derived from any number of sources including whole
cell lysates, partially fractionated protein complexes, and
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sub-cellular organelles to name a few. Intact protein mixtures
taken from one or more control and experimental sources may
be fractionated by any number of a number of different meth-
odologies known in the art including but not limited to one-
dimensional gel electrophoresis, capillary electrophoresis,
liquid phase iso-electric point focusing, affinity chromatog-
raphy, single or multi-dimensional anion or cation exchange
chromatography, reverse phase chromatography and parti-
tioning centrifugation. Fractionation of complex intact pro-
tein mixtures is one way to increase the dynamic range of
proteins that can be identified and/or quantitatively compared
using the method(s) of the preferred embodiment.

Sample Known Amount of Intact Protein Mixture

[0306] Similar amounts of intact complex protein mixture
should be isolated from the raw and/or fractionated control
and experimental sample sources to simplify subsequent
quantitative comparisons.

Add Intact (Exogenous) Protein Internal Standard(s)

[0307] The same amount of one or more intact proteins
known not to be native to the complex protein mixtures being
studied may be added to the control and experimental samples
as an internal standard(s). These intact protein internal stan-
dards provide several valuable quality control checks in the
ion mapping study. The relative level of peptides produced
from the digestion of internal standard proteins and native
proteins provides a measure that the control and experimental
complex protein mixtures have been digested, reduced, and
derivatized with similar efficiency. The peptides produced
from the digestion of the internal standard protein(s) also
serve as markers to monitor chromatographic retention time
reproducibility in subsequent peptide separation procedures
and to monitor mass measurement accuracy.

Create Intact Protein Internal Standard(s) Blank Sample

[0308] An independent sample of the intact protein(s) used
as internal standard(s) in the control and experimental
samples will be subjected to the same digestion, reduction,
and derivatization procedures as well as the same chromato-
graphic and ionization conditions incorporated in the Ion
Mapping analysis of the control and experimental samples.
This will allow the identification of the peptides associated
with the internal standards. It will also allow the identification
of background ions which should be excluded from subse-
quent qualitative identification and/or quantitative compari-
son procedures.

Chemical/Enzymatic Digestion of Protein Mixture

[0309] Any number of previously described methodologies
can be used to generate peptide fragments from the control
and experimental complex intact protein mixtures and from
the internal standard intact protein mixture. Such methodolo-
gies for protein fragmentation may include but are not limited
to enzymatic or chemical digestion.

Optional Single or Multi-Dimensional Chromatographic
Separation

[0310] Single or multi-dimensional liquid phase chromato-
graphic separation methodologies may be applied to reduce
the complexity of the peptide mixtures produced in the diges-
tion of the control, experimental and internal standard/back-
ground protein mixtures prior to mass spectrometric analysis.
These liquid phase chromatographic separation methodolo-
gies could include anion or cation exchange chromatography,
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reverse phase chromatography, Capillary FElectrophoresis
Chromatography (“CEC”), or any combination of these or
other previously described prior art relating to the chromato-
graphic separation of peptides contained in non-equimolar,
heterogeneous complex mixtures. These liquid chromato-
graphic separation methodologies may be directly coupled or
used independently to produce sub-fractions of the peptide
pool. Typically, the final liquid chromatographic separation
will be directly interfaced to the ion source of a mass spec-
trometer capable of accurate mass measurement.

Optionally Add Internal Standard B for Injection Volume
Correction

[0311] The same amount of one or more internal standard
compounds may be added to each sample mixture prior to
liquid chromatography-mass spectrometry (LC-MS) analy-
sis. The primary purpose of this optional internal standard(s)
is to correct for chromatographic injection volume variations,
but it can also serve as a chromatographic retention time
standard and mass accuracy check standard as well.

Liquid Chromatography Accurate Mass Analysis

[0312] Thefinal stage ofliquid chromatographic separation
of the peptide pools produced from the digestion of the con-
trol, experimental, and internal standard blank protein
samples is directly coupled to a mass spectrometer capable of
accurate mass measurement. A mass spectrometer capable of
routinely providing mass measurement accuracy to within 10
parts per million (ppm) of the theoretically calculated mass is
acceptable. However, routine mass measurement accuracy
equal to or less than 5 ppm of the theoretically calculated
mass is desirable. The type of mass spectrometer capable of
this accurate mass measurement process might include Time
of Flight, Fourier transform ion cyclotron resonance, or mag-
netic sector to name a few.

Process Results Using Unique Mass List Generator

[0313] The liquid chromatography accurate mass informa-
tion is processed using a Unique Mass List Generator which
uses threshold criteria based on mass accuracy, charge state,
chromatographic peak intensity and area, and calculated
hydrophobicity, among others, to generate a list of unique
ions which can be compared to lists derived in a similar
manner from other LC-MS analyses.

Identify and Quantify Internal Standard Components

[0314] Both the peptide digestion products from the
optional intact protein internal standard(s) and the optional
post-digestion “B” internal standard(s) that were added to the
Control, Experimental and Internal Standard/Blank samples
are identified in the unique mass list information sets gener-
ated for each of these samples and flagged for non-consider-
ation as native peptide candidate ions.

Internal Standard B Correction of Native Peptide Peak Areas

[0315] The peak area of each component identified by the
unique mass list generator is corrected for LC-MS injection
volume deviations by rationing against the peak area of the
optional “B” internal standards.

Compile List of Background Ions for Unique Mass List Blank
Correction

[0316] Allnon-internal standard ions identified in the Intact
Protein Internal Standard(s) Blank Sample are designated as
background ions and are compiled in an exclude list.
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Remove Background lons from Unique Mass List

[0317] Background ions identified in the Intact Protein
Internal Standard(s) Blank Sample are removed from consid-
eration as native peptide candidate ions in the Control and
Experimental Sample Unique Mass Lists.

Estimate Relative Digestion Efficiency from Protein Internal
Standard

[0318] The peak areas of peptide ions associated with the
Intact Protein Internal Standard(s) which were added to the
Control and Experimental Samples prior to digestion are
compared to the peak areas of a number of native peptide ions
in the Control and Experimental Samples to determine that
both samples were digested with comparable efficiency.
Compare Internal Standard Corrected Accurate Mass Chro-
matogram Peak Areas for Polypeptides from Control Sample
and Experimental Sample

[0319] The internal standard corrected accurate mass peak
areas for unique mass list peptide ions remaining after back-
ground correction in the Control Sample are compared to
similarly corrected accurate mass peak areas for unique mass
list peptide ions in the Experimental Sample. Peptide ions to
be compared are matched according to user-defined accurate
mass, and chromatographic retention time threshold criteria.
If the ratio of peak area for an Experimental Sample peptide
ion that is matched to a Control Sample peptide is above or
below user-defined expression level threshold criteria or if an
Experimental Sample peptide ion is not matched against a
Control Sample peptide ion, then the Experimental Sample
peptide ion is flagged for further effort to qualitatively iden-
tify the protein from which it derived. If the ratio of peak area
for an Experimental Sample peptide ion that is matched to a
Control Sample peptide ion is within user-defined expression
level threshold criteria, then further effort to qualitatively
identify the protein from which it is derived may or may not
be pursued.

Qualitative Identification Biologically Important

[0320] Ifthe ratio of peak area for an Experimental Sample
peptide ion that is matched to a Control Sample peptide ion is
within user-defined expression level threshold criteria, then
further effort to qualitatively identify the protein from which
it is derived may be pursued if this information is considered
to be biologically important or otherwise relevant to the goals
of the study. Otherwise, the analytical information that was
determined for the Experimental Sample peptide ion is
recorded in a database and no further efforts to qualitatively
identify the protein from which it is derived are pursued.

Perform High Mass Accuracy Peptide Mass Fingerprint
(PMF) Data Base Search on Unique Mass List lons

[0321] Experimental Sample peptide ions submitted for
qualitative identification are searched against a non-redun-
dant protein database. Database searches are restricted by the
mass measurement accuracy of the Experimental Sample
peptide ion as well as by one or more physical-chemical
properties that may be known about the source of the proteins
included in the experimental sample. Relevant physical-
chemical properties may include sample source organism,
sub-cellular sample fraction, protein molecular weight range,
and protein pl to name a few.

Tabulate or Form a Redundancy List of all Unique Mass List
Peptides Consistent with Each Tentative PMF Protein Iden-
tification

[0322] Experimental Sample Unique Mass List peptides
which are tentatively identified via the PMF database search
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to be associated with the same protein are grouped together to
form a redundancy list for each tentatively identified protein.
Determine if Every Peptide Consistent with Each Tentative
Peptide Mass Fingerprint Protein Identification has Same
Expression Level Shift

[0323] The expression level shift of each Experimental
Sample peptide that has been identified to be consistent with
the same protein identification is compared. If the expression
level shifts for all the peptides are consistent, then additional
qualitative identification checks may be performed e.g.
double check retention time. If the expression level shifts are
not consistent, then either all of the peptides or at least the
peptide(s) which are not consistent in expression level shift
may be flagged for LC-MS/MS analysis.

Generate Bull & Breeze Calibration Curves

[0324] An optional test for confirming a tentative PMF
identification is based-on whether the measured Bull &
Breeze hydrophobicity/hydrophilicity for each Experimental
Sample peptide is consistent with the theoretical Bull &
Breeze hydrophobicity/hydrophilicity that the peptide should
have if the PMF identification is correct. To this end, the
theoretical Bull and Breeze index of known internal standard
peptides are plotted against LC-MS retention time to produce
a calibration curve from which the measured Bull & Breeze
index of each Experimental Sample peptide can be deter-
mined.

Test Tentative Peptide Mass Fingerprint Identification Via
Application of Qualifying Algorithm

[0325] A variety of information has been accumulated that
can be used to further validate the PMF identification results.
Information such as sample source organism, sub-cellular
sample fraction, protein molecular weight range, and protein
pL, among others, may have been used in entirety or in part to
restrict the PMF database search. Additional physico-chemi-
cal property information may be tested through the use of a
qualifying algorithm to further validate each tentative PMF
identification. For example, the algorithm might be used to
score the consistency of measured versus theoretical Bull &
Breeze index for each unique mass list peptide, it might be
used to score the consistency of measured versus theoretical
pl of each unique mass list peptide, it might be used to score
the consistency of missed cleavage and peptide charge state
information, it might be used to score the consistency of
histidine containing peptides and charge state information, it
might be used to score the consistency of cysteine containing
peptides and the measured presence of associated peptides
which contain modified cysteine amino acids, and/or it might
be used to score the consistency of methionine containing
peptides and the measured presence of associated peptides
which contain oxidized methionine containing peptides.
Remove Tentatively Identified Masses from Unique Mass
List and Create Tentatively Identified Protein List

[0326] At this point in the data reduction process, all back-
ground and optional internal standard related ions have been
removed from the Experimental Sample Unique Mass List.
Depending on the goals of the study, the Experimental
Sample Unique Mass List may have been further restricted to
include only those ions which have an apparent expression
level difference relative to the Control Sample Unique Mass
List ions that is above or below User-defined threshold crite-
ria. In either case, the remaining Experimental Sample
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Unique Mass List ions are subdivided into those which do
satisfy the qualifying algorithm criteria and those which do
not satisfy the qualifying algorithm criteria. Ions which do
satisty the qualifying algorithm criteria are moved to a Ten-
tatively Identified Protein List. These ions would generally
not be furthered qualified by LC-MS/MS analysis.

Create Orphan Mass List from Unidentified Masses in
Unique Mass List

[0327] Experimental Sample Unique Mass List ions which
do not satisfy the qualifying algorithm criteria are moved to
an Orphan Mass List.

Search Orphan Mass List for Post Translationally Modified
(PTM) Variants of Tentatively Identified Proteins

[0328] Orphan Mass List ions are resubmitted to a PMF
search specifically to evaluate whether they can be accounted
for as post translationally modified variants of the tentatively
identified proteins.

Transfer Qualified PTM Hits from Orphan Mass List to Ten-
tatively Identified Protein List

[0329] Orphan Mass List ions which satisfy Tentatively
Identified Protein PTM variant criteria are validated using the
qualifying algorithm and are transferred from the Orphan
Mass List to the Tentatively Identified Protein List.

Place Remaining Orphan Masses on Include List for LC-MS/
MS Analysis

[0330] Orphan Mass List ions which do not satisfy Tenta-
tively Identified Protein PTM variant criteria or subsequent
qualifying criteria are flagged for LC-MS/MS Analysis.

LC-MS/MS Analysis of Unidentified Orphan Masses and
Tentative Protein ID Peptide Masses Requiring Further Veri-
fication

[0331] Unidentified Orphan Masses and any other Peptide
Masses which are flagged for further verification may then be
analyzed by LC-MS/MS.

Protein Sequence Database Search or EST Database Search
or De Novo Sequence LC-MS/MS Results

[0332] The LC-MS/MS analytical results are processed
with software tools that take advantage of the peptide
sequence information produced in the MS/MS analysis pro-
cess. Software tools include Protein Sequence database
searching, Expressed Sequence Tag (EST) database search-
ing, and de novo sequencing algorithms to name a few.
Update Tentative Protein ID List with LC-MS/MS Analysis
Results

[0333] Proteins tentatively identified from the LC-MS/MS
analysis are added to the Tentatively Identified Protein List.

Generate lon Maps and Archive Results for Tentatively Iden-
tified Protein and Orphan Peptide Mass Lists

[0334] All physico-chemical property data and quantitative
expression level data for the tentatively identified proteins,
their corresponding peptide fragments, and for the Orphan
Peptide Mass List lons are archived in a database and made
available for display in a variety of Ion Map formats which
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illustrate the difference in protein content of the control and
experimental samples studied.

Qualification

[0335] Before an experimentally derived unique mass can
be qualified, the optional Internal Reference Protein(s) (IRP)
is digested alone. Again the IRPs are run in triplicate with
each resulting UML compared and compressed using specific
user-defined parameters and thresholds. As an example for
the E. coli data set described herein, these parameters were set
to +/-5-ppm, 2 minutes, and +/-0.5 charge state. Since the
same IRPs are used, all the time data compression provides
for a number of different redundancy checks. First, how
reproducible the digestion was; second, how reproducible the
cysteine derivatization was; and third, how reproducible the
ionization efficiency was. All of these parameters can be
qualified by comparing the compressed data for that set of
IRP accurate mass LCMS analyses to those of others.
[0336] The retention times of all unique masses matching
IRP peptides by accurate mass and charge state may then
plotted vs. each peptides theoretical hydrophobicity resulting
in a linear equation relating retention time to hydrophobicity
(see FIG. 2). Having this equation allows an experimental
hydrophobicity to be calculated for each experimentally
derived unique mass’s retention time in the Composite UML.
Further, having already established the charge state rules
allows a theoretical charge state for each peptide in the
indexed non-redundant protein database to be calculated.
Qualification may therefore involve ranking all experimen-
tally derived physico-chemical properties to those theoretical
physico-chemical properties of all peptides within an organ-
ism’s Proteome. With respect to the E. coli dataset these
physico-chemical properties may be accurate mass, hydro-
phobicity and charge state. Before the qualification algorithm
is applied, the Composite UML is accurate mass searched
against the indexed non-redundant protein database. An accu-
rate mass search can be considered to be a Peptide Mass
Fingerprint. Here the user selects from and inputs a tolerance
value for a list of different accurate mass search parameters.
With respect to the E. coli dataset the accurate mass search
parameters were set to: mass accuracy +/—10 ppm, minimum
number of peptides to match 3, and missed cleavages=0.
Other parameters could include sequence coverage, intact
protein molecular weight range, intact protein pl, peptide pl,
peptide modifications i.e. phosphates, sugars, and non-spe-
cific cleavages to name only a few. Further the user could
select different parameters for different iterations as illus-
trated in the subtractive reiteration section. Here the Tentative
Identification Algorithm applies the appropriate accurate
mass search parameters for each iteration.

Frequency Generator

[0337] The Frequency Generator first annotates each Ten-
tative Identification (TID) with the number of proteins hit
under the user-defined tolerance windows for each physico-
chemical property selected in the analysis process. For the E.
coli example these Frequency Values were (Freq,,,, Freq,-
prci, Freqes). The experimentally derived calculated MH*
1795.9523 @ RT 45.00 minutes with a calculated experimen-
tal charge-state of 2.90 hit 7 different proteins within the
accurate mass tolerance of 10 ppm. However, three Tolerance
Windows were selected for Accurate Mass, 0-5 ppm, 5-7.5
ppm and 7.5 to 10 ppm:
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[0338] Tolerance=10 ppm
[0339] Coefficients for AM, /..
x=5 7.5t0 10 ppm
y=25 5to 7.5 ppm
z=1 0to 5 ppm
[0340] As such the Freq,,,was 5 for the 5 TIDs within the

tolerance window 0-5 ppm, 6 for the tolerance window
between 5-7.5 ppm and 7 for the tolerance window between
7.5-10 ppm. To further separate the ranking, each tentative
identification (TID) receives a weighing factor based on
which tolerance window that TID fell in. In this example,
there is not that much of a difference between 5 hits and 7
seven hits however if a weighing factor is assigned to each
tolerance window it is possible to further separate a high
quality (<5 ppm) accurate mass TID from a lower quality
(>7.5 ppm) one. As such, each tolerance window is assigned
a user-defined weighing factor AMy;,, .., (X, ¥, and z as
shown above). In this example, weighing factorsof 1,2.5 and
5 were assigned for tolerance windows 0-5 ppm, 5-7.5 ppm
and 7.5-10 ppm respectively. Taking the product of
Freq  *AM,, 1, changes the score from 5, 6, 7 to 5, 15, 35
clearly distancing a lower quality TID from a higher quality
one. (It will become clear later why alower score is better). To
further adjust the scoring another weighing factor TIDS-
weigheasrsMay be included. This coefficient corrects the score
by dividing each individual TID’s Freq ,,,by that of the Maxi-
mum Freq ,,,. For the present example, the calculated TIDS-
Weighteaane Was 3.57 for those with Freq ;s of 5, 5.14 for that
at6 and 7 for the one with a Freq ,,,0f 7. Since there is not that
great a spread between how many proteins are tentatively
identified at each tolerance window the coefficient TIDS-
weigheaars d0€S N0t impact the score as much as that of the
M i Taking the product of
Freq, *AMp,, 400" TIDS 1z, s04.40, changes the score from 5,
15, 3810 17. 85,77.1, 245. However, if there is only one TID,
within tolerance W1nd0W one, of any physico-chemical prop-
erty selected for data reduction this coefficient clearly sepa-
rates it from the rest of the pack. The final user-defined weigh-
ing factor for a particular physico-chemical property is the
Weight that that property has on the final score, i.e. 50% ofthe
total score is based on accurate mass, therefore the

[0341] Coefficients for Frequency Weighting
a=6 Weight AM
b=2 Weight_ HPLC
c=2 Weight_ CS
[0342] As such the AM value in the final Weighted Rank
equation:
1/(AM+HPLC+CS)=
(AM I/Veighted* AMFreq*TIDS I/Veighted* AMppgow)-
[0343] The same logic follows for all selected physico-

chemical properties that were used for data reduction result-
ing in a final Weighted Rank of 0.1795 for two of the seven
TIDs with the next closest scoring being 0.156. It should be
noted that the two TIDs scoring 0.1795 are from the same
peptide, derived from two isoforms of the same protein. To
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validate this Accurate Mass Physico-chemical Properties
TID, the accurate mass and retention time were placed in an
include list and MS/MS was performed. The MS/MS search
results clearly and unambiguously assigned that unique mass
to tufA and B.

[0344] There is an additional weighing factor, the “Prob-
ability Weighing Factor,” a coefficient that is ordinarily set by
default to one. When all TIDs matched only within the lowest
Physico-chemical Tolerance Window, the following weigh-
ing factors are employed, indicating that there is a high prob-
ability that all TIDs are false positives:

AM=0.2
HPLCi=0.5

CS=0.33

[0345] In a reiterative searching system these may be
unique masses that contain missed cleavages, point muta-
tions, modifications etc. When this condition is met the prob-
ability value is multiplied by the user-defined coefficient.
[0346] It will be clear to one skilled in the art that other
physico-chemical properties could be ranked as well. Such
other physico-chemical properties could be Intact Protein
Mw and pl, Peptide pl, and exact mass differences as they
relate to peptide modifications, to name only a few.

[0347] As previously stated the Frequency Generator is
simply a Ranking Algorithm resulting in each TID being
assigned a Weighted Rank. The weighted rank can be extrapo-
lated into a probability score, essentially assigning a prob-
ability to a certain accurate mass with a certain charge state
eluting at a certain retention time to the best likely candidate
peptide sequence in the non-redundant protein database. To
further validate a TID the user preferably runs a Qualification
Algorithm.

Qualification Algorithm

[0348] The Qualification Algorithm allows the user to set
certain parameters for comparing and qualifying frequency
annotated TIDs from any two-sample sets typically a Control
and an Experiment. To activate the Algorithm the user first
sets up the parameters for matching. In the tufA example from
E. coli the qualification parameters were set to only those
matching pairs with a mass error less than 5 ppm, a retention
time difference of less than 2 minutes, an ABS Freq <=4 and
a probability score >70%. First the Frequency annotated data
is sorted by Protein, then by MH+, then by sample. Only those
with matching pairs are passed. This is accomplished by
further sorting by sequence, then by sample. Calculations are
then made on mass and retention time differences and nor-
malized area ratios. Calculations are always based on divid-
ing the Experimental results by that of the Control.

[0349] Once this accomplished the software generates a
ABS Freq for each matched pair. The ABS Freq is equal to the
Min Value of Freq,,, Freqyy;, and Freq.s All matched
pairs passing the user-defined qualification parameters are
transferred to the lonMap Summary Report.

Targeted Tandem Mass Spectrometry for Orphan Peptide
ITons from the Ton Mapping Experiment

[0350] After generating ion maps as detailed in the pre-
ferred embodiment, there are typically several ions that
exhibit good mass accuracy but fail to correlate with known
proteins from a variety of protein and nucleotide databases. A
list is generated for these “orphan” peptide ions. The list may
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then be submitted as ah include list for performing a set of
LC-MS/MS experiments. These experiments will provide
orphan peptide ion fragmentation data, which can then be
examined using de novo methods and/or database searching
software to ascertain the identity of these peptides. The
orphan peptides may then be correlated, with or without
post-translational modifications, to their respective parent
proteins.

Global Analysis

[0351] A global analysis attempts to identify every protein
in a proteome or proteome subset. Further it provides a means
of measuring the relative levels of these proteins in two or
more proteome or proteome subsets. In its most simple form,
two or more protein mixtures are chemically or enzymatically
fragmented in a reproducible manner to form respective mix-
tures of peptides. These peptides are then separated and accu-
rately mass measured in a LC-MS analysis procedure. The
unique mass list generator algorithm extracts a comprehen-
sive list of accurate masses associated with the peptides in
these mixtures and measures the relative intensity of these
peptides. A qualifying algorithm uses accurate mass informa-
tion in combination with physico-chemical property informa-
tion to identify the proteins in the original mixtures and to
assign each unique mass list peptide to the protein from which
it is derived. Furthermore, this process measures the relative
level of each peptides present, which is proportional to the
relative level of the protein from which the peptide is derived.
[0352] Those ions which do not satisfy user-specified
redundancy and threshold criteria may be analyzed by L.C-
MS/MS to derive sequence information, which may be
searched against protein or DNA data bases or analyzed using
de novo sequencing methods to provide additional protein
identification information. The global analysis process pro-
vides a comprehensive and reproducible description of the
identified and unidentified proteins in two or more proteome
or proteome subset samples, which may be used to illustrate
the qualitative and quantitative differences in the protein
composition of the samples.

Up/Down Regulation

[0353] This type of analysis allows the user to set a thresh-
old value on protein or peptide expression level difference
between two samples and only identify and qualify those
peptide ions outside the user-defined pre-set threshold. This
type of analysis is a subset of a global analysis.

Differential Analysis

[0354] This type of analysis allows the user to identify and
qualify only those peptide ions that are unique to one of the
two conditions (Control and Experiment). This type of analy-
sis is a subset of a global analysis.

Post Translational Modifications

[0355] This type of analysis will only identify and report
relative expression levels for post-translationally modified
peptide ions. This type of analysis is a subset of a global
analysis.

Protein Family

[0356] This type of analysis will only identify and report
relative expression levels for protein(s) indicated by the user
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which serves to create an indexed subset database. This type
of analysis is a subset of a Global Analysis.

Relative Stoichiometry

[0357] Since the global analysis process determines the
relative levels of the proteins that have been identified and
qualified, one can choose to compare the measured levels of
these proteins against any user-defined protein that has also
been identified and qualified. Furthermore, if quantitative
stoichiometry is required, signature peptides for each protein
can be synthesized and analyzed to develop MS ionization
response factors that can be used to correct the relative area
ratio measurements for response factor differences.

[0358] Itwill be apparent to one skilled in the art thatif one
can do a global analysis, one can perform any type of subset
analysis.

The Identification and Quantitation Algorithm Setup

[0359] The identification and quantitation algorithm can be
set up by the user to be a single or reiterative process. Through
a user interface the user may select the number of Stringency
Searches (iterations) and the number of PASSES (cycles of
reiterative analysis) for MS (and MS/MS, if any) interroga-
tions.

[0360] Theuser inputs how many PASSES are desired, and
how many iterations of the identification and quantification
algorithm to use for each PASS. Listed below are examples of
some physicochemical properties for each iteration of each
PASS. The interface preferably allows the user to control the
searching algorithm by setting the stringency parameters for
each iteration of each PASS.

Parameter Example(s)

Source All taxonomies, Yeast, Human, E.
coli, etc.

Proteolytic Enzyme (User-defined)

Non Redundant database
Sub-Cellular Location
Protein Molecular

Protein, Translated Genomic DNA
ER, Golgi, Cytoplasm, etc.
Complete, 0-50, 50-100, >100, and

Weight Range* Threshold
Protein Isoelectric Complete, 0-4, 4-8, 8-12
Point Range* and Threshold
Peptide Molecular Complete, Start and Stop Weight
Range (kDa) and Threshold
Peptide Isoelectric Complete, 0-4, 4-8, 8-12
Point Range* and Threshold
Number of Peptides User-defined
Required for Match
Mass Accuracy User-defined
Number of Missed Cleavages User-defined
Modifications CAM, Phosphorylation, etc.
Non-Specific Cleavages yes/no
(if yes, choose: subtlisin,
chymotrypsin etc.)
Point Mutations yes/no

(User-defined: substitution,
deletion, etc.)

Any or all additional Physico-chemical Properties not listed.
*User-defined values. The values illustrated are only examples.
Rules for Number of Missed Cleavages

[0361] Rules may be defined for missed cleavages based on
the fact that any peptide that has a missed cleavage will have
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an extra basic residue between the N- and C-terminus, since

trypsin preferentially cleaves peptide bonds after R and K.

Accordingly:

[0362] 1. Ifthereis a2+ peptide ion with no 3+ companion
ion, there is likely to be no missed cleavage;

[0363] 2.Ifthereis a2+ peptide ion with no 3+ companion
ion, there may be one missed cleavage;

[0364] 3. Ifthereis a2+ peptide ion with no 3+ companion
ion, there is unlikely to be two missed cleavages;

[0365] 4. If there is a 2+ peptide ion and a 3+ companion
ion, there is likely to be no missed cleavage;

[0366] 5. If there is a 2+ peptide ion and the identified
sequence has KP or RP then the 2+ peptide ion is likely to
have a 3+ companion;

[0367] 6. If thereis a 3+ peptide ion with no 2+ companion
it is likely to have one missed cleavage;

[0368] 7. Ifthere is a 3+ peptide ion with a 2+ companion
ion then it is very likely to have one or two missed cleav-
ages;

[0369] 8. If there is a 3+ peptide ion with a 2+ companion
ion then it is likely to have no missed cleavage.

Rules for Phosphorylation

[0370] Rules may be formulated to define some of the
parameters one would need to include in order to qualify a
peptide as being phosphorylated:

[0371] 1. The peptide must have an amino acid that is
susceptible to phosphorylation (serine, serine, tyrosine,
histidine, aspartic acid);

[0372] 2. The peptide ion should have a phosphorylated
companion ion that is 79.9994 atomic mass units greater;

[0373] 3. The peptide should have a phosphorylation motif
(for example, .. . GXDP . . .);

[0374] 4. The phosphorylated companion ion should elute
earlier from the reverse phase C,¢-column; and

[0375] 5. The more hydrophobic the nonphosphorylated
peptide ion, the greater the retention time difference com-
pared to the phosphorylated companion.

Scoring Algorithm Alternative

[0376] A further algorithmic approach is illustrated below,
by which values are assigned to each matched/correlated
characteristic to derive a match score for proteins/peptides
from a theoretical/calculated database of known peptides/
proteins versus the experimental protein/peptide.

Algorithm
Part 1—Data Set Generation:
[0377] Smooth, Center, and Lock Mass Correct
[0378] Determine Charge State
[0379] Calculate Molecular Mass
[0380] Search Database to generate initial hit list of can-

didate protein/peptide matches

Part 2—Scoring:

[0381] Sort Hit List by Protein Mw

[0382] increase score if protein Mw is within SEC toler-
ance by 2x

[0383] decrease score if protein Mw is outside SEC tol-
erance by 0.5x
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[0384] Sort Hit List by Protein pl

[0385] increase score if protein pl is within CEX/AEX
tolerance by 2x

[0386] decrease score if protein pl is outside CEX/AEX
tolerance by 0.5x

[0387] Sort Peptide Hits by ppm mass difference

[0388] if ppm mass difference is within mass difference
oflock mass corrected nearest internal standard increase
score by 4x

[0389] if ppm mass accuracy is within 5 ppm increase
score by 3x

[0390] if ppm mass accuracy is within 7.5 ppm increase

score by 1.5x

[0391] if ppm mass accuracy is within 10 ppm leave
score as is
[0392] if ppm mass accuracy is outside 10 ppm then

decrease score by 0.5x
[0393] Sort Peptide Hits by Bull & Breese Values
[0394] if B&B is within #1000 of internal standard
increase score by 3x
[0395] if B&B is within
increase score by 2x

+2000 of internal standard

[0396] ifB&B iswithin +3000 of internal standard, leave
asis
[0397] if B&B is outside +3000 of internal standard

decrease score by 0.5x

[0398] Compare Peptide pl against internal standard

[0399] increase score if pl is within user-defined toler-
ance of internal standard with respect to CEX/AEX
separation by 2x

[0400] decrease score if pl is outside user-defined toler-
ance of internal standard with respect to CEX/AEX
separation by 0.5x

[0401] Sort Peptide hits by missed cleavages

[0402] if 2+ with no multiply charged companion ion(s)
and 0 missed cleavages increase score by 3x

[0403] if 2+ with no multiply charged companion ion(s)
and 1 missed cleavages leave score as is

[0404] if 2+ with no multiply charged companion ion(s)
and 2 missed cleavages decrease score by 0.5x

[0405] if 2+ ion with 3+ companion ion and no missed
cleavage leave score as is

[0406] if 2+ ion with 3+ companion ion and K/P or RP
increase score by 1.5x

[0407] if2+ion without 3+ companion ion and K/P or RP
leave score as is

[0408] if 3+ ion with one missed cleavage and no 2+
counterpart leave score as is

[0409] if 3+ ion with one or two missed cleavages and
there exists a 2+ counterpart increase score by 2x

[0410] Sort by Histidine containing peptides
[0411] if no “histidine” present leave score as is
[0412] if “histidine” is present and there is a companion

ion of a different charge state increase score 1.5x

[0413] if “histidine” is present and there is a companion
ion of a different charge state and no missed cleavages
increase score by 3x

[0414] if“histidine” is present and there is no companion
ion of a different charge state leave score as is

[0415] if multiple histidines or histidine in conjunction
with one or multiple missed cleavages and no multiply
charged companion ions increase score by 2x

23
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[0416] Sort by Cysteine containing peptides

[0417] if “cysteine” is present and modified leave score
as it is

[0418] if “cysteine” is present and not modified and no

other ion earlier in elution matches with a modified
cysteine decrease score by 0.5x

[0419] if“‘cysteine” is present and not modified and there
is another ion earlier in elution which matches with a
modified cysteine increase score by 2x

[0420] if multiple cysteines are present and none are
modified increase score by 2x

[0421] Sort Met Ox

[0422] if one or more “Met OX” are present and there
exists a later eluting ion which mass matches to the same
sequence in which one or more methionies are not oxi-
dized increase score by 2x

[0423] Sum hits from all scans which pass a user-defined
preset threshold (i.e. only scores exceeding the user-
defined preset threshold will be passed)

[0424] Incases of repeat ions (nearest two scans or num-
ber of scans defining a typical peak width) include only
hit with the highest score

[0425]

[0426] Sort resulting Summary Hit List with Proteins in
ascending order, Calculate Probability Score

[0427] Part 3—Quantitation:

[0428] Plot molecular masses for each Identified Protein
including summed intensities for all isotopes and save
resulting lon Map

[0429] Compare relative intensities of each Ion Map
against that of the Control Protein

[0430] Calculate pseudo-concentration level relative to
internal control protein

[0431] In the algorithm above, the database may be
searched by any of a number of recognized methods or pro-
grams known to the skilled artisan. Exemplary such methods
include but are not limited to those described by K. R. Clauser
etal., Anal. Chem. 71:2871-2882 (1999); M. Mann, M. Wilm,
Anal. Chem. 66:4390-4399 (1994); P. A. Pevzner et al.,
Genome Res. 11:290-299 (2001); J. A. Taylor, R. S. Johnson,
Rapid Comm. Mass Spec., 11:1067-1075 (1997); S. Altschul
etal., Nucl. Acids Res. 25:3389-3402 (1997); and B. A. Gaeta,
Biotechniques 28:436-440 (2000).

[0432] Inaccordance with the preferred embodiment there
may be employed conventional molecular biology, microbi-
ology, and recombinant DNA techniques within the skill of
the art. Such techniques are explained fully in the literature.
See, e.g., Sambrook et al, “Molecular Cloning: A Laboratory
Manual” (1989); “Current Protocols in Molecular Biology”
Volumes. I-I1I [Ausubel, R. M., ed. (1994)]; “Cell Biology: A
Laboratory Handbook” Volumes I-III [J. E. Celis, ed.
(1994))]; “Current Protocols in Immunology” Volumes I-111
[Coligan, J. E., ed. (1994)].

[0433] All amino-acid residue sequences are represented
herein by formulae whose left to right orientation is in the
conventional direction of amino-terminus to carboxy-termi-
nus. A dash or ellipsis at the beginning or end of an amino acid

Increase Final score as coverage increases
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residue sequence indicates a peptide bond to a further
sequence of one or more amino acid residues.

Applications of Ion Mapping

[0434] The preferred embodiment may be used in a variety
of applications e.g. drug discovery, patient diagnosis and
monitoring.

Single Nucleotide Polymorphism (SNP) Discovery

[0435] Ion mapping could be used to identify polymor-
phisms in 2'-deoxy-5'-ribonucleic acid (DNA). DNA of inter-
est would be collected from populations of eukaryotic or
prokaryotic cells of interest, and subjected to amplification as
described in the literature (Genome Res 1999 May; 9(5):499-
505). Then, through the judicious use of restriction endonu-
cleases, resulting fragments could by separated and their
accurate masses recorded by single or multiple dimensions of
high performance liquid chromatography in conjunction with
mass spectrometry. Fragments of interest, shared by popula-
tions of interest, could be simultaneously collected, as not all
ofthe column effluent would be directed into the source of the
mass spectrometer. These collected pool would go through
additional rounds of amplification, digestion, and Ion Map-
ping, to eventually identify the particular gene, or region
thereof, that contained the polymorphism unique to the popu-
lation of interest. Ultimately, if the specific sequence location
of'the polymorphism was desired, then the judicious applica-
tion of the knowledge of the starting material’s sequence (e.g.
whole genome, entire chromosome(s), subsets thereof, spe-
cific genes, or subsets thereof), the choice of restriction
enzyme(s), the elution time of the various fragments created
in the series of digests, and their accurate masses would be
used to calculate what the original sequence of the fragment
must have been to have generated a fragment(s) of the
observed retention time(s) and mass(es).

Genotyping

[0436] Ion Mapping could be used for genotyping. A single
base extension (SBE) assay would be used, and this has been
described previously in the literature (Clin Chem. 2001 Feb-
ruary; 47(2):164-72). However, the advantage of the applica-
tion of IonMapping to this existing technology would be
realized in the parallelization of process. Multiple genes of
interest could be amplified simultaneously; whereas the num-
ber of assays to determine the specific allele(s) and homozy-
gote versus heterozygote, has been limited to the mass win-
dow of a given time of flight instrument or to the florescence
or fluorescence polarization of a particular antibody conju-
gate(s), lon Mapping would dramatically expand the number
of assays which could be simultaneously detected. These
nucleic acids would be separated by one or more dimensions
of high performance liquid chromatography (HPLC), e.g.
anion exchange chromatography followed by ion pair
reversed-phase chromatography in conjunction with mass
spectrometry. Only if the SBE assay had the potential of
creating two or more nucleic acids of exactly the same mass
(within the mass accuracy of the given lonMapping process),
and exactly the same chromatographic retention time(s),
would the two (or more) assays be unable to be simulta-
neously analyzed. Since such an potential conflict could be
calculated in advance through the judicious use of the calcu-
lated mass(es) and retention time(s) of the extended nucleic
acids, these interfering assays could be conducted in separate
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experiments, or the amplified regions changed to create non-
interfering assays. In any case, the signal intensity generated
by each extended nucleic acid on the mass spectrometer
would be used as the basis for quantitative analysis, e.g.
determination of zygosity

Transcriptional Profiling

[0437] Ion Mapping could be used for monitoring gene
expression, commonly referred to as transcriptional profiling.
This technique has been previously described in the literature
(Science 270, 467-470, (1995), where the means of separa-
tion are arrays of complementary immobilized nucleic acids,
and detection results when fluorescently labeled nucleic acids
generated from in vivo or in vitro systems hybridize to these
arrays and remain behind to fluoresce following removal of
non-specific binding partners. lon Mapping could be used as
a superior substitute for both the separation and identification
of the nucleic acids generated from the in vivo and in vitro
systems. These nucleic acids would be separated by one or
more dimensions of high performance liquid chromatogra-
phy (HPLC), e.g. anion exchange chromatography followed
by ion pair reversed-phase chromatography in conjunction
with mass spectrometry. The retention time(s) of the mol-
ecules, combined with knowledge of their accurate masses
could be used to identity which transcripts, and a relative idea
ofamount of each, were present in the sample. The signal area
and/or intensity generated by each would be used as the basis
for quantitative comparison between samples. It would be
possible to generate tagged versions of these nucleic acids
that would permit the detection of these molecules by positive
ion mode mass spectrometry, and this would improve both
reliability and sensitivity.

Metabolomics

[0438] A method for identifying and quantifying metabo-
lite profiles from all different types of clinical samples. The
ion mapping of metabolites will be performed using similar
techniques to those described in the preferred embodiment of
this application. Two or more sets of clinical samples will be
compared to identify and quantify metabolites. For example,
drug metabolites will be extracted from clinical samples
(treated vs. non treated) using a plethora of chromatographic
separation techniques. These samples will then be analyzed
by liquid chromatography interfaced to mass spectrometry
gain information on accurate chromatographic retention
times, and accurate mass of the all the metabolites in the
sample in order to generate ion maps. Additionally, physico-
chemical properties of small molecule metabolites can be
used to assist in the generation of these metabolite ion maps.
Relative as well as absolute quantification information can be
extracted from selected ion chromatogram (SIC) information
generated by the LC/MS experiment. Relative quantification
of metabolites will be performed by comparing SIC peak
integration data of metabolite ion maps generated in different
conditions (i.e., diseased vs. non-diseased, treated vs. non-
treated, mutant vs. wild type). In order to perform absolute
quantification of metabolites from their respective ion maps
an known internal standard will be incorporated and a cali-
bration curve will generated. This information can then used
to obtain absolute quantification of all the metabolites in the
ion map.
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Peptidomics

[0439] A method for identifying and quantifying bioactive
peptide profiles from all different types of biological samples.
The ion mapping of peptides will be performed using similar
techniques to those described in the preferred embodiment of
this application. Two or more sets of biological samples will
be compared to identify and quantify bioactive peptides. For
example, bioactive peptides will be extracted from clinical
samples (i.e., diseased vs. non-diseased, treated vs. non
treated and wild type vs. mutant) using a plethora of chro-
matographic separation techniques. These bioactive peptide
samples will then be analyzed by liquid chromatography
interfaced to mass spectrometry to gain information on accu-
rate chromatographic retention times, and accurate mass of
the all the peptides in the sample in order to generate peptide
ion maps. Additionally, physico-chemical properties of these
bioactive peptides such as mol. Wt., pl etc. can be used to
further assist in the generation of these peptide ion maps.
Relative as well as absolute quantification information can be
extracted from Selected Ion Chromatogram (“SIC”) informa-
tion generated by the LC/MS experiment. Relative quantifi-
cation of peptides will be performed by comparing SIC peak
integration data of peptide ion maps generated under different
conditions (i.e., diseased vs. non-diseased, treated vs. non-
treated, mutant vs. wild type). In order to perform absolute
quantification of peptides from their respective ion maps a
known internal standard will be incorporated and a calibra-
tion curve will generated. This information can then used to
obtain absolute quantification of all the bioactive peptides in
the ion map.

Protein Profiling

[0440] A method of identifying and quantifying protein
profiles from all different types of biological samples is con-
templated. The ion mapping of intact proteins may be per-
formed using similar techniques to those described in the
preferred embodiment of this application. Two or more sets of
biological samples may be compared to identify and quantify
intact proteins. For example, intact proteins may be extracted
from clinical samples (i.e., diseased vs. non-diseased, treated
vs. non treated and wild type vs. mutant) using a plethora of
chromatographic separation techniques. These intact protein
samples may then be analyzed by liquid chromatography
interfaced to mass spectrometry to gain information on accu-
rate chromatographic retention times and the accurate mass
of the all the proteins in the sample in order to generate
protein ion maps. Additionally, physico-chemical properties
of these proteins such as mol. Wt., pl etc. can be used to
further assist in the generation of these intact protein ion
maps. Relative as well as absolute quantification information
can be extracted from Selected lon Chromatogram (“SIC”)
information generated by the LC/MS experiment. Relative
quantification of intact proteins will be performed by com-
paring SIC peak integration data of protein ion maps gener-
ated under different conditions (i.e., diseased vs. non-dis-
eased, treated vs. non-treated, mutant vs. wild type). In order
to perform absolute quantification of proteins from their
respective ion maps a known internal standard will be incor-
porated and a calibration curve will generated. This informa-
tion can then used to obtain absolute quantification of all the
intact proteins in the ion map.

[0441] The invention may be better understood by refer-
ence to the following non-limiting examples, which are pro-
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vided by way of example only. The examples are presented in
order to more fully illustrate the preferred embodiments of
the invention and should not be construed as limiting the
scope of the invention in any way.

EXAMPLES
General Procedures

[0442] All proteins and complex protein mixtures were
suspended in 0.4 M ammonium bicarbonate buffer (pH 8.5)
containing 8.0 M urea. Proteins were reduced by adding DTT
to a final concentration of 4.5 mM and incubating at 50
degrees Celsius for 30 minutes. After reduction, cysteine
residues were alkylated by the addition of iodoacetamide to a
final concentration of 10 mM and incubating in darkness at
room temperature for 30 minutes. The reaction was diluted
with water to a final urea concentration of 2M, and trypsin
was added to a final concentration of 4% (w/w, enzyme to that
of protein) and incubated for 24 hours at 37 degrees Celsius.
Acetic acid was added to a final concentration of 2% to
terminate the trypsin digest.

[0443] Accurate Mass LCMS analysis was performed on
an orthogonal acceleration Time of Flight mass spectrometer
(Q-TOF 2, Micromass Ltd., Manchester UK) interfaced to a
Waters Capl.C HPLC System. The Q-TOF 2 was fitted with a
custom triaxial sprayer that facilitated the co-addition of a
solution of lock mass standard at the tip of the sprayer (inner
diameter: chromatographic eluent, middle diameter: lock-
mass, outer diameter: nebulizing gas). A 2.0 picomole per
microliter solution of [Glu']-Fibrinopeptide B was generally
used as a lockmass standard. The instrument was operated in
W-optics mode at 17,000 resolving power (FWHM defini-
tion). The Q-TOF 2 was set to acquire data over the 300 and
2000 mass-to-charge range. Spectral acquisition time was 1.9
seconds with an inter-scan delay of 0.1 second.

[0444] One hundred microliters of each sample was pipet-
ted into a septum-capped vial and placed into a chilled (4° C.)
autosampler plate of the CapL.C. Five microliters of a 1.0
picomole/microliter solution of Leu-Enkaphlin was added as
an internal standard to each vial to monitor injection repro-
ducibility. Mobile phase A was 2% Acetic Acid/0.05% TFA/
5% Acetonitrile and mobile phase B was 2% Acetic Acid/0.
05% TFA/95% Acetonitrile. A 0.320x150 mm C,; Waters
Symmetry™ column was employed for on-line peptide sepa-
ration with a gradient of 1-40% B in 120 minutes, 50-90% B
in 1 minute, isocratic at 90% B for 15 minutes than back to
initial conditions for 30 minutes prior to the next injection.
The gradient was developed at a flow rate of 3.5 microliters
per minute and the lock mass solution was added at a flow rate
ot 0.25 microliters per minute. All samples were run in trip-
licate with blanks inserted after each injection to insure there
was no carryover from injection to injection.

[0445] A customized implementation of the Q-TOF 2
MassLynx software was used to lock mass correct and accu-
rately mass measure to within +/-5 ppm, the components
within the mixtures of interest. In each spectra, isotopic clus-
ter signal intensity from all the charge states associated with
each component were collapsed into an intensity number
corresponding to the MH+ monoisotopic ion corresponding
to that component. The intensity of this accurate mass
monoisotopic peak information was summed across the chro-
matographic elution profile of each component to quantify its
abundance. This abundance measurement was further cor-
rected relative to the abundance of internal standards spiked
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into the samples and/or to the abundance of one or more
endogenous chemical components or polypeptides that was
determined to be an appropriate internal standard. An endog-
enous chemical component or polypeptide qualifies as an
internal standard if its abundance level relative to other spe-
cific chemical components or polypeptides in the mixture
does not vary in a statistically significant manner when com-
pared to the same chemical component or polypeptide abun-
dance ratios in another sample mixture which is being com-
pared quantitatively. The suitability of a chemical component
as an endogenous internal standard can be tested according to
the following equation:

Az Acc)conmo (Ars! Acc) Experimenr~1.0

[0446] where, A is the abundance of a candidate endog-
enous internal standard found in both the control sample and
the experimental sample, and A, is the abundance of a
second component which is also common to both the control
and experimental samples. If the ratio closely approximates
one when the abundance of a candidate endogenous internal
standard is tested against the abundance of a plurality of
second components in the control and experimental samples,
then it is a satisfactory endogenous internal standard.

[0447] This resulting accurate mass, intensity, charge state,
and chromatographic retention time information was
recorded for each chemical component or polypeptide into a
compilation referred to as a Unique Mass List. Information
from replicate analyses of the same mixture was retained in a
compressed or composite Unique Mass List which combined
the measured information in a statistically valid manner.

[0448] Inthe following qualitative identification examples,
two physico-chemical properties, hydrophobicity and charge
state, are used along with an accurate mass measurement to
confirm the identity of an unknown polypeptide and hence the
protein from which it came. For both physico-chemical prop-
erties, the closeness-of-fit between the measured and calcu-
lated values of these properties is used in combination with
the corresponding accurate mass measurement to identify a
given unknown polypeptide. FIG. 2 illustrates the relation-
ship between the observed retention time and the correspond-
ing calculated hydrophobicity measurements for a mixture of
known tryptic BSA peptides that were separated under the
chromatographic conditions previously described. In this
example, the HPLC Index value of a given peptide is a mea-
sure of its hydrophobicity based on its amino acid composi-
tion. Using BSA as an internal standard for each sample, the
hydrophobicity relationship is used to estimate the HPLC
Index value of unknown peptides in a complex peptide mix-
ture. The identity of an unknown peptide in a complex mix-
ture is determined by comparing on a best-fit basis the esti-
mated HPLC Index value to the theoretical HPLC Index
values of known peptides in an annotated peptide index that
are within an acceptable mass error from the measured accu-
rate mass. For example, peptides that match to within 15 units
of'the predicted HPLC Index value are scored with the highest
probability and those, which match between 15 and 30 units,
are scored lower.

[0449] If the identification of an unknown peptide cannot
be made by the predicted hydrophobicity value and accurate
mass information, then an additional physico-chemical prop-
erty can be used to further reduce the number of possible
candidate peptides to a single peptide identification. Such an
additional physico-chemical property is charge state. More
specifically, the measured charge state of an unknown peptide
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can be compared to the calculated charge state of a given
peptide candidate from an annotated peptide index. The mea-
sured charge state (composite observed charge state) of a
peptide is calculated according to the following formula:

Composite Observed Charge State=(C, *I - )+

(CHe)+(Crn¥ley) Ui+ oot o)
[0450] Where: I, equals the intensity of each charge state
C,, associated with each peptide.
[0451] The calculated charge state annotated to each pep-
tide in the proteome subset associated with each sample of
interest may be calculated according to the following rules.
[0452] For no internal basic residue/user-defined, if the
peptide length <12 then the calculated charge state is in the
range 2.00-2.05, if the peptide length is >12 and <17 then the
calculated charge state is in the range 2.00-2.20, if the peptide
length is >18 and <25 then the calculated charge state is in the
range 2.00-2.30, and if the peptide has a length >25 then the
calculated charge state is the range 2.50-3.00.
[0453] For one internal basic residue/user-defined residues
(within 4 residues of N or © C. terminus), if the peptide length
<12 then the calculated charge state is in the range 2.15-2.25,
ifthe peptide length is >12 and <25 then the calculated charge
state is in the range 2.00-2.25 or 2.75-3.00, and if the peptide
has a length >25 then the calculated charge state is the range
2.00-2.35 or 2.85-3.00.
[0454] For two internal basic residues/user-defined resi-
dues (within 4 residues of N or C terminus), if the peptide
length <12 then the calculated charge state is in the range
2.00-2.20 or 2.50-2.70, if the peptide length is >12 and <25
then calculated charge state is in the range 2.25-2.35 or 2.8-
3.25, and if the peptide length is >25 then the calculated
charge state is the range 2.30-2.50 or 3.00-4.00.
[0455] For three internal basic residues/user-defined resi-
dues (within 4 residues of N or C terminus), if the peptide
length <0.12 then the calculated charge state is in the range
2.10-2.30 or 2.70-3.00, if the peptide length is >12 and <25
then the calculated charge state is in the range 2.25-2.50 or
3.00-3.50, and if the peptide length is >25 then the calculated
charge state is the range 2.50-2.70 or 3.20-4.50.

Example 1
Analysis of a Single Protein (BSA)
Qualitative Analysis
[0456] To illustrate the ability to qualitatively identify a

protein, one picomole of Bovine Serum Albumin trypsin
digest was analyzed in triplicate by accurate mass LC-MS.
The same solution was also analyzed on the Q-TOF 2 oper-
ated in a conventional data dependent LC-MS-MS/MS mode
of acquisition in an effort to validate the accurate mass LC-
MS identifications. The accurate mass, intensity, charge state
and chromatographic retention time for each peptide was
compiled into a composite Unique Mass-List representing the
measurements made from the three replicate analyses. This
list is illustrated in FIG. 6. The criteria used for matching
peptides in replicate injections were that accurate mass toler-
ance must be within +/-5 ppm from the average, retention
time tolerance +/-2 minutes from the average, and charge
state tolerance +/-0.35.

[0457] The resulting composite UML was then matched
against an indexed peptide database created for the protein
Bovine Serum Albumin (BSA). This database is illustrated in
FIGS. 7A and 7B. The indexing algorithm was set to report
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only tryptic peptides consistent in mass to charge ratio with
the mass measurement range employed on the Q-TOF 2 (m/z
300 to 2000) and having one or no missed cleavages. The
indexing algorithm calculated and annotated each peptide
with the accurate mass of its MH™ ion, its HPLC index as a
measure of hydrophobicity (Browne, C. A., Bennet, H. P. J.
and Solomon S. (1982) Anal. Biochem. Vol. 124, pp. 201.),
peptide pl, number and position of missed cleavages, number
and position of basic residues, peptide length, frequency
index value, and amino acid sequence, as well as intact pro-
tein molecular weight and pl. The frequency index value
represented the number of peptides in the entire Indexed
Database that have a mass within +/-5 ppm of that peptide.
The Indexed Database for BSA contains 99 peptides. None of
these peptides are isobaric at the +/-5 ppm level. FIG. 8
illustrates the Unique Mass List MH™ ions that were experi-
mentally measured and matched to the BSA indexed data-
base. A total of 27 ions were matched on the basis of their
accurate mass, hydrophobicity, and charge state to provide
64% sequence coverage of the BSA protein. The identity of
11 of these 27 peptides which were assigned on the basis of
their accurate mass and physical chemical properties was also
confirmed by LC-MS-MS/MS.

[0458] The BSA single protein mixture was also used to
evaluate the dynamic range and quantitative reproducibility
of the sample handling and analysis procedure. Accordingly,
intact Bovine Serum Albumin was suspended to concentra-
tions of 10, 100, 1000, 5000, and 10,000, femtomoles per
microliter in an Ambic/Urea buffer. These five samples were
independently reduced with DTT, the cystienes were deriva-
tized with iodoacetimide and each was digested overnight at
37° C. with trypsin as previously described. Triplicate injec-
tions were made of concentration of digested BSA. The
resulting mass chromatograms were processed as previously
described and the signal intensity for the peptides with MH+
ions at mass 1399.6931, 1502.6189, and 2491.2649 are plot-
ted as a function of concentration in FIG. 3. The dynamic
range of each peptide was linear over three orders of magni-
tude. The linearity of response also illustrates that the diges-
tion chemistry and mass measurement process is reproduc-
ible.

Example 2
Analysis of a 14-Peptide Mixture
Qualitative Analysis—Simple Mixture

[0459] To illustrate the ability of the method to qualitatively
identify all proteins in a moderately complex mixture, a
model system of fourteen proteins consisting of the commer-
cially available proteins listed in FIG. 4 was constructed. All
proteins were used without further purification. Stock solu-
tions of each protein were made up in an Ambic/Urea buffer
at a concentration of 150 picomoles/microliter (per the ven-
dors’ weights). Volumes of these stock solutions were then
assembled to create two different mixtures as defined in FIG.
4. Once assembled each mixture was diluted with varying
volumes of Ambic/Urea to keep the final volumes constant.
Each mixture was reduced with DTT; cysteine residues were
derivatized with iodoacetamide, and each mixture digested
independently at 37° C. overnight as previously described.
[0460] FEach mixture was subjected to the same LC-MS
accurate mass analysis previously described and data was
processed as previously described.
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[0461] Assuming up to one missed cleavage, a total of 487
peptides were calculated to be theoretically possible from the
tryptic digestion of the 14 protein mixture. The accurate mass
analysis of Mixture A produced a total of 125 peptides that
were matched against this theoretical database. Sequence
coverage ranged as high as 67% for the proteins in the mix-
ture. The observed versus calculated accurate mass and
physico-chemical property information for these 125 pep-
tides is illustrated in FIGS. 9A-F.

Quantitative Analysis—14 Protein Mixture

[0462] FIG. 5 illustrates in a histogram format the mea-
sured versus theoretical relative abundance of the proteins in
Mixtures B (bold) and A (shaded). The theoretical protein
composition of both mixtures is illustrated in FIG. 4. The
protein Fetuin was at the same concentration in both Mixtures
A and B. A peptide associated with Fetuin was used as an
endogenous internal standard to normalize quantitative com-
parisons between the two mixtures. All measured relative
abundance values were within 20% of the theoretical abun-
dance values thus illustrating the accuracy of the method for
monitoring change in relative abundance of proteins or other
chemical species contained in relatively complex mixtures.

Example 3
Analysis of a Bacterial Proteome
Bacterial Strains and Growth Conditions

[0463] Two 1 L cultures each of Escherichia coli strain
MC4100 were cultured in M9 minimal medium supple-
mented with 0.2% glucose simultaneously one at the permis-
sive temperature of 37° C. (MCLT) the other at the non-
permissive temperature of 42° C. (MCHT). Cells were grown
to mid-logarithmic phase (as determined by O.D. at 450 nm)
and harvested by centrifugation in 500 mL tubes at 1000xg
for 30 min at 4° C.

Cell Lysis and Digestion

[0464] Cells were lysed using a cocktail of 6M urea, 10 mM
Tris, 1 mM DTT, pH 8.0, using gentle shaking for 20 min at
23°C. The cellular debris was then spun down at 20,000xg for
20 min. at 4° C., and the supernatant collected by pipette. The
protein-laden supernatant was assayed for total protein con-
centration by bicinchoninic acid method of Smith et al. (4nal.
Biochem. 150:74-85, 1985). This data was used to aliquot the
supernatant into samples of 2.9 mg each of total protein. To
each sample, 2.2 ul. of 30 mg/mL bovine serum albumin
(Sigma) in 8 M urea, 400 mM ammonium bicarbonate, pH 8.0
was added as a retention time standard to facilitate the calcu-
lation of HPL.C Index values. Following mixing by vortex,
each sample was chilled to 4° C. and chloroform/methanol
precipitated. These pellets were dissolved in 8M urea, 400
mM ammonium bicarbonate, pH 8.0, and subjected to reduc-
tion (dithiothreitol, Sigma), alkylation (iodoacetamide,
Sigma), and dilution to 200 uL.. The samples were digested by
the addition of 20 ug of porcine trypsin (Promega) overnight
at 37° C. The samples were then diluted to a final volume of
1000 ulL with the addition of water, bringing the final con-
centration of digested protein to ~60 pmol/ul., containing ca.
1 pmol/ul, of BSA. These samples were aliquoted into
polypropylene PCR tubes at 200 uL. each, and stored at —80°
C. until analyzed.
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[0465] For illustrative purposes the low-temperature
sample will be regarded as the control and the high-tempera-
ture sample as the experiment. Each sample was run in trip-
licate with the resulting Unique Mass Lists (UML) com-
pressed into one Composite UML as previously described.
[0466] After compression the composite UML for the Con-
trol and Experiment samples contained 13,722 and 15,242
observed MH+ ions respectively. The abundance of these
polypeptides were normalized to polypeptides associated
with the proteins FTS1 and REC-C that were endogenous to
both samples and determined to be unchanged by the condi-
tions of the experiment. Each composite UML was matched
on the basis of accurate mass and physico-chemical proper-
ties to an Indexed non-redundant E. coli database containing
approximately 190,000 tryptic peptides (allowing for one
missed cleavage) that correspond to the 4234 proteins
believed to be contained in the E. coli proteome.

[0467] After applying accurate mass, hydrophobicity and
charge state matching criteria, a total of 12,542 and 13,987
peptides were identified in the Control and Experimental
samples, respectively that could be uniquely assigned to a
proteins in the E. coli proteome. On the basis that a minimum
of two peptides were required to qualify a protein identifica-
tion, 2,985 proteins (70.5% of the proteome) were tentatively
identified in the Control sample and 3,127 proteins (73.9% of
the proteome) were tentatively identified in the Experimental
sample. Comparison of the Control versus the Experimental
resulted in 2,743 proteins being common to both conditions,
242 unique to the Control and 384 unique to the Experiment.
Of the 2,743 proteins that were common to both samples,
2,249 proteins were observed to vary less than 150% in their
relative abundance and 331 proteins were observed to change
in their relative abundance by more than 150%, but less than
450%. A total of 163 of the proteins common to both mixtures
were observed to change in their relative abundance by more
than 450%.

[0468] Of particular interest to this study is the fact that the
proteins GroEL and GroEs are two well characterized E. coli
chaperone proteins that are known to be up-regulated when
grown at non-permissive temperatures. Both of these proteins
were identified in the mixtures and these identifications were
confirmed by subsequent data dependent LC-MS-MS/MS
analysis. The data illustrated a 3.0 and 6.1 fold increase in
abundance of GroEL and GroEs proteins, respectively, in the
Experimental sample versus the Control sample which is
consistent with the expected change. The protein TufA, an
elongation factor protein, was previously not known to be
affected by temperature. However, it exhibited a 2.1 fold
increase in relative abundance in the experimental sample.
TufA further serves as an example of the quality of data that
can be produced by the method. A total of 8 peptides were
identified as TufA peptides providing 56% sequence cover-
age. The relative abundance of each of these peptides
depicted a 2.1 fold change in expression with only an 8%
coefficient of variation.

Rat Dose/Response Metabolism Study

[0469] A study was conducted with two rats dosed with a
proprietary drug candidate. One rat was given a “low” dose of
the drug and the second rat was given a “high” dose of the
same drug. Urine samples were collected from both rats after
aprescribed number of hours. Urine sample preparation con-
sisted of dilution by a factor of four with double distilled
water prior to accurate mass LC-MS analysis. LC-MS ana-
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lytical conditions were as previously described. Both the low
and high dose samples were analyzed in triplicate.

[0470] Thecompressed Unique Mass List for the high-dose
and low-dose rat urine samples contained 2,674 and 2,827
unique masses, respectively. A total of 1,164 of these unique
masses were found to be common to both the high and the low
dose samples and could be matched on the basis of their
accurate mass and retention time signatures. All component
levels were normalized to a common chemical component
that qualified as an endogenous internal standard as previ-
ously described. The relative abundance of all the compo-
nents matched between the high dose and low dose samples
were compared quantitatively. FIG. 10 illustrates a subset list
ot 27 of these matched metabolites that exhibited greater than
4-fold change in relative abundance. Statistical analysis of the
triplicate results demonstrated that these quantitative mea-
surements had a p-Score of less than 0.005. These results
indicate that the method of the invention is an effective means
of quantifying the relative abundance of chemical compo-
nents in two complex metabolism samples. Furthermore, the
example demonstrates that it is unnecessary to qualitatively
identify the components of interest prior to being quantita-
tively compared.

1. A method of mass spectrometry comprising:

providing of first sample comprising a first mixture of

molecules of biological origin;

measuring a first physico-chemical property other than

mass to charge ratio of first molecules in said first mix-
ture;

mass analysing said first molecules in said first mixture and

accurately determining the mass to charge ratio of said
first molecules in said first mixture;

providing a second sample comprising a second mixture of

molecules of biological origin;

measuring a first physico-chemical property other than

mass to charge ratio of first molecules in said second
mixture;
mass analysing said first molecules in said second mixture
and accurately determining the mass to charge ratio of
said first molecules in said second mixture; and

determining the intensity of first molecules in said first
mixture and the intensity of first molecules in said sec-
ond mixture, said first molecules in said first mixture and
said first molecules in said second mixture having been
determined to have substantially the same mass to
charge ratio and substantially the same first physico-
chemical property.

107-139. (canceled)

140. A method of generating an index for use in identifying
molecules of biological origin by mass spectrometry, said
index comprising: (i) the accurately determined mass or mass
to charge ratios of molecules of biological origin; and (ii) a
first physico-chemical property of said molecules of biologi-
cal origin, wherein said first physico-chemical property com-
prises the ion mobility in gas phase of said molecules;

wherein said method comprises:

accurately determining the masses or mass to charge ratios

of molecules of biological origin;

determining a first physico-chemical property of said mol-

ecules of biological origin, said first physico-chemical
property comprising the ion mobility in gas phase of said
molecules; and then

generating said index.
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141. A method as claimed in claim 140, wherein said first
physico-chemical property is calculated.

142. A method as claimed in claim 140, wherein said index
comprises a second physico-chemical property and said
method comprises determining said second physico-chemi-
cal property.

143. A method as claimed in claim 142, wherein said
second physico-chemical property is selected from the group
consisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; and (xi) hydrogen-bonding
capability or hydrogen-bonding capacity.

144. A method as claimed in claim 142, wherein said
second physico-chemical property is calculated.

145. A method as claimed in claim 142, wherein said index
comprises a third physico-chemical property and said method
comprises determining said third physico-chemical property.

146. A method as claimed in claim 145, wherein said third
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; and (xi) hydrogen-bonding
capability or hydrogen-bonding capacity.

147. A method as claimed in claim 145, wherein said third
physico-chemical property is calculated.

148. A method as claimed in claim 145, wherein said index
comprises a fourth physico-chemical property and said
method comprises determining said fourth physico-chemical
property.

149. A method as claimed in claim 148, wherein said fourth
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; and (xi) hydrogen-bonding
capability or hydrogen-bonding capacity.

150. A method as claimed in claim 148, wherein said fourth
physico-chemical property is calculated.

151. A method as claimed in claim 148, wherein said index
comprises a fifth physico-chemical property and said method
comprises determining said fifth physico-chemical property.

152. A method as claimed in claim 151, wherein said fifth
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; and (xi) hydrogen-bonding
capability or hydrogen-bonding capacity.

153. A method as claimed in claim 151, wherein said fifth
physico-chemical property is calculated.
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154. A method as claimed in claim 140, wherein the mass
to charge ratio of said molecules is determined to within 20
ppm, 19 ppm, 18 ppm, 17 ppm, 16 ppm, 15 ppm, 14 ppm, 13
ppm, 12 ppm, 11 ppm, 10 ppm, 9 ppm, 8 ppm, 7 ppm, 6 ppm,
5 ppm, 4 ppm, 3 ppm, 2 ppm, 1 ppm or <1 ppm.

155. A method as claimed in claim 140, wherein the mass
to charge ratio of said molecules is determined to within
15-20 ppm, 10-15 ppm, 5-10 ppm or 1-5 ppm.

156. A method as claimed in claim 140, wherein the mass
to charge ratio of said molecules is determined to within 0.01
mass units, 0.009 mass units, 0.008 mass units, 0.007 mass
units, 0.006 mass units, 0.005 mass units, 0.004 mass units,
0.003 mass units, 0.002 mass units, 0.001 mass units or
<0.001 mass units.

157. A method as claimed in claim 140, further comprising
assigning arelatively low priority to molecules having masses
or mass to charge ratios below a lower threshold.

158. A method as claimed in claim 157, wherein said lower
threshold is in the range: (i) <500 daltons; (ii) 500-1000
daltons; (iii) 1000-1500 daltons; (iv) 1500-2000 daltons; (v)
2000-2500 daltons; (vi) 2500-3000 daltons; and (vii) 3000-
3500 daltons.

159. A method as claimed in claim 158, wherein said lower
threshold corresponds with the masses or mass to charge
ratios of peptides having less than 6, 7, 8,9, 10, 11 or 12 amino
acids.

160. A method as claimed in claim 158, further comprising
assigning arelatively low priority to molecules having masses
or mass to charge ratios above an upper threshold.

161. A method as claimed in claim 160, wherein said upper
threshold is in the range: (i) 5000-5500 daltons; (ii) 5500-
6000 daltons; (iii) 6000-6500 daltons; (iv) 6500-7000 dal-
tons; (v) 7000-7500 daltons; (vi) 7500-8000 daltons; (vii)
8000-8500 daltons; (viii) 8500-9000 daltons; (ix) 9000-9500
daltons; (x) 9500-10000 daltons; (xi) 10000-10500 daltons;
(xii) 10500-11000 daltons; (xiii) 11000-11500 daltons; (xiv)
11500-12000 daltons; (xv) 12000-12500 daltons; (xvi)
12500-13000 daltons; (xvii) 13000-13500 daltons; (xviii)
13500-14000 daltons; (xix) 14000-14500 daltons; (xx)
14500-15000 daltons; (xxi) 15000-15500; (xxii) 15500-
16000; (xxiii) 16000-16500; and (xiv)>16500 daltons.

162. A method of generating an index for use in identifying
molecules of biological origin by mass spectrometry, said
index comprising: (i) the accurately determined mass or mass
to charge ratios of molecules of biological origin comprising
metabolites, carbohydrates, sugars, lipids, fatty acids, vita-
mins, hormones, polysaccharides or steroids; and (ii) a first
physico-chemical property other than mass or mass to charge
ratio of said molecules of biological origin;

wherein said method comprises:

accurately determining the masses or mass to charge ratios

of molecules of biological origin comprising metabo-
lites, carbohydrates, sugars, lipids, fatty acids, vitamins,
hormones, polysaccharides or steroids;

determining a first physico-chemical property other than

mass or mass to charge ratio of said molecules of bio-
logical origin; and then

generating said index.

163. A method as claimed in claim 162, wherein said first
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
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isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; (xi) hydrogen-bonding
capability or hydrogen-bonding capacity; and (xii) ion mobil-
ity in gas phase.

164. A method as claimed in claim 162, wherein said first
physico-chemical property is calculated.

165. A method as claimed in claim 162, wherein said index
comprises a second physico-chemical property and said
method comprises determining said second physico-chemi-
cal property.

166. A method as claimed in claim 165, wherein said
second physico-chemical property is selected from the group
consisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; (xi) hydrogen-bonding
capability or hydrogen-bonding capacity; and (xii) ion mobil-
ity in gas phase.

167. A method as claimed in claim 165, wherein said
second physico-chemical property is calculated.

168. A method as claimed in claim 165, wherein said index
comprises a third physico-chemical property and said method
comprises determining said third physico-chemical property.

169. A method as claimed in claim 168, wherein said third
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; (xi) hydrogen-bonding
capability or hydrogen-bonding capacity; and (xii) ion mobil-
ity in gas phase.

170. A method as claimed in claim 168, wherein said third
physico-chemical property is calculated.

171. A method as claimed in claim 168, wherein said index
comprises a fourth physico-chemical property and said
method comprises determining said fourth physico-chemical
property.

172. A method as claimed in claim 171, wherein said fourth
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; (xi) hydrogen-bonding
capability or hydrogen-bonding capacity; and (xii) ion mobil-
ity in gas phase.
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173. A method as claimed in claim 171, wherein said fourth
physico-chemical property is calculated.

174. A method as claimed in claim 171, wherein said index
comprises a fifth physico-chemical property and said method
comprises determining said fifth physico-chemical property.

175. A method as claimed in claim 174, wherein said fifth
physico-chemical property is selected from the group con-
sisting of: (i) elution time, hydrophobicity, hydrophilicity,
migration time, or chromatographic retention time; (ii) solu-
bility; (iii) molecular volume or size; (iv) net charge, charge
state, ionic charge or composite observed charge state; (v)
isoelectric point (pl); (vi) dissociation constant (pKa); (vii)
antibody affinity; (viii) electrophoretic mobility; (ix) ionisa-
tion potential; (x) dipole moment; (xi) hydrogen-bonding
capability or hydrogen-bonding capacity; and (xii) ion mobil-
ity in gas phase.

176. A method as claimed in claim 174, wherein said fifth
physico-chemical property is calculated.

177. A method as claimed in claim 162, wherein the mass
to charge ratio of said molecules is determined to within 20
ppm, 19 ppm, 18 ppm, 17 ppm, 16 ppm, 15 ppm, 14 ppm, 13
ppm, 12 ppm, 11 ppm, 10 ppm, 9 ppm, 8 ppm, 7 ppm, 6 ppm,
5 ppm, 4 ppm, 3 ppm, 2 ppm, 1 ppm or <1 ppm.

178. A method as claimed in claim 162, wherein the mass
to charge ratio of said molecules is determined to within
15-20 ppm, 10-15 ppm, 5-10 ppm or 1-5 ppm.

179. A method as claimed in claim 162, wherein the mass
to charge ratio of said molecules is determined to within 0.01
mass units, 0.009 mass units, 0.008 mass units, 0.007 mass
units, 0.006 mass units, 0.005 mass units, 0.004 mass units,
0.003 mass units, 0.002 mass units, 0.001 mass units or
<0.001 mass units.

180. A method as claimed in claim 162, further comprising
assigning arelatively low priority to molecules having masses
or mass to charge ratios below a lower threshold.

181. A method as claimed in claim 180, wherein said lower
threshold is in the range: (1)<500 daltons; (ii) 500-1000 dal-
tons; (iii) 1000-1500 daltons; (iv) 1500-2000 daltons; (v)
2000-2500 daltons; (vi) 2500-3000 daltons; and (vii) 3000-
3500 daltons.

182. A method as claimed in claim 180, further comprising
assigning arelatively low priority to molecules having masses
or mass to charge ratios above an upper threshold.

183. A method as claimed in claim 182, wherein said upper
threshold is in the range: (i) 5000-5500 daltons; (ii) 5500-
6000 daltons; (iii) 6000-6500 daltons; (iv) 6500-7000 dal-
tons; (v) 7000-7500 daltons; (vi) 7500-8000 daltons; (vii)
8000-8500 daltons; (viii) 8500-9000 daltons; (ix) 9000-9500
daltons; (x) 9500-10000 daltons; (xi) 10000-10500 daltons;
(xii) 10500-11000 daltons; (xiii) 11000-11500 daltons; (xiv)
11500-12000 daltons; (xv) 12000-12500 daltons; (xvi)
12500-13000 daltons; (xvii) 13000-13500 daltons; (xviii)
13500-14000 daltons; (xix) 14000-14500 daltons; (xx)
14500-15000 daltons; (xxi) 15000-15500; (xxii) 15500-
16000; (xxiii) 16000-16500; and (xiv) >16500 daltons.
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