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Description

BACKGROUND OF THE INVENTION

[0001] Proteomic techniques that permit the identification, quantification, and localization of proteins in cells will ad-
vance the understanding of cell function and development far beyond what has been achieved by genomic techniques.
For example, the ability of advanced mass spectrometry techniques to analyze complex protein mixtures, e.g., multi-
protein complexes, cell fractions and whole cells extracts, promises to provide powerful high throughput diagnostic and
screening methods.
[0002] Mass spectrometry can be used to identify single proteins or large number of proteins in mixtures. In addition,
mass spectrometry can be used to sequence a peptide de novo. For example, tandem mass spectrometry of peptides
generated by proteolytic digestion of a complex protein mixture (e.g., a cell extract) can be used to identify and quantify
the proteins present in the original mixture. This result can be achieved because tandem mass spectrometers capable
of selecting single m/z values and subjecting the ions to collision induced disassociation (CID) can be used to sequence
and identify peptides. The information created by CID of a peptide can be used to search protein and nucleotide sequence
databases to identify the amino acid sequence represented by the spectrum and thus identify the protein from which
the peptide was derived.
[0003] Tandem mass spectrometry used to identify a peptide in a complex mixture of peptides derived from digested
proteins utilizes three types of information. First, the mass of the peptide is obtained. This information alone can greatly
reduce the number of possible peptide sequences, particularly if the protein was digested with a sequence specific
protease. The second type of information is the pattern of fragment ions produced by CID of the peptide ion. Analytical
methods that compare the fragment ion pattern to theoretical fragment ion patterns generated computationally from
sequence databases can be used to identify the peptide sequence. Such methods can identify the best match peptides
and statistically determine which peptide sequence is more likely to be correct. The accuracy of the predictions can be
increased further by using multiple dimensions of MS analysis to obtain de novo the sequence of a portion of a peptide.
This direct sequence information can be used to further increase the accuracy of the prediction based on the fragment
ion patterns. Once the peptide is identified, the protein from which it was generated can be readily determined by
searching sequence databases.
[0004] Proteins in complex mixtures, e.g., cell extracts, can be identified by a combination of enzymatic proteolysis,
liquid chromatographic separation, tandem mass spectrometry, computer algorithms which correlate peptide mass spec-
tra to those theoretically predicted based on sequence databases and by de novo sequencing. Electrospray ionization
permits liquid chromatography to be directly coupled to a tandem mass spectrometer so that complex mixtures can be
temporally separated prior to introduction into the mass spectrometer. The increase in the number of organisms for
which a complete genome sequence is available will greatly increase the value of this approach to the analysis of complex
mixtures.
[0005] Methods based on tandem mass spectrometry for quantification and concurrent sequence identification of
individual proteins within complex mixtures using affinity tags are described in WO 00/11208 A1 and Gygi S.P. et al.
(Nature Biotechnology 17:994-999, 1999). Processes and kits for determining the identity of a target polypeptide by
mass spectrometry are described in WO 99/12040 A2.
[0006] Maleimide derivatives of biotin hydrazide and methods for their preparation are described in DE 36 01 031 A1,
boron compound complexing reagents and a method of making and using such reagents are described in WO 98/05627
A1, and US 5,635,603 relates to immunoconjugates for diagnosis and immunotherapy as well as to methods for preparing
such immunoconjugates.

SUMMARY OF THE INVENTION

[0007] The invention features methods for obtaining simplified mixtures of peptides from a sample containing a number
of peptides, e.g., a sample created by proteolytic digestion of a mixture of proteins, e.g., a mixture of proteins obtained
from a biological sample. The methods of the invention can be used to decrease the number of peptides (or proteins)
in the sample according to a rational and controlled scheme so as to obtain a simplified peptide sample containing fewer
peptides. For example, starting with a peptide sample created by proteolytic digestion of a mixed protein sample, one
can obtain a simplified peptide sample that contains only one or a few of the peptides created by proteolytic digestion
of each the proteins in the mixed protein sample. The simplified sample can be easier to analyze than the original peptide
sample yet it is representative of all or nearly all of the proteins present in the mixed protein sample from which the
original and more complex peptide sample was derived. Accordingly, the simplified peptide mixture can be used to
identify and quantify all or nearly all of the proteins in the original mixed protein sample. The simplified mixture is useful
even when it does not include at least one peptide from each of the proteins in the mixed proteins sample since in some
cases it is not necessary to identify or quantify all of the proteins in the mixed protein sample.
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[0008] The methods of the invention are useful for analyzing peptides that are generated by the enzymatic digestion
of complex protein mixtures (e.g., cell extracts). The methods of the invention are useful in any setting in which it is
desirable to reduce the complexity of a peptide mixture in a controlled and specific manner and find particular application
in the preparation of peptide samples for analysis by mass spectrometry.
[0009] The methods of the invention entail the use of tagging moieties that include an amino-acid-specific reactive
group (R). The tagging moieties "tag" peptides or proteins at specific amino acids (e.g., by reacting with an amino acid
to form a covalent bond), ultimately allowing the isolation of peptides that contain those specific amino acids. The amino
acid tagged by a given tagging moiety depends on the identity of the R group present on the moiety. The R group used
in the methods of the invention (RS/T) tags serines (ser) and threonines (thr) when they are present at the amino terminus
of a peptide.
[0010] The reactive group of the tagging moiety is directly or indirectly associated with other groups that facilitate the
isolation of tagged peptides. Thus, the tagging moiety can include a linker group (L) which can connect the R group to
a group (B) that facilitates the capture of tagged peptides. The B group is a group, e.g., biotin that can selectively bind
to a capture reagent, e.g., strepavidin.
[0011] The isolated peptides can be analyzed by mass spectrometry or any other desired method. For example, mass
spectrometry can be used to identify and/or quantify one or more of the peptides in the simplified mixture.
[0012] Thus, the invention features a method for identifying at least one peptide present in a sample, the method
comprising: (a) providing a tagging moiety having the formula:

R-B or R-L-B

wherein R is a reactive group that reacts with peptides having an amino terminal serine or an amino terminal threonine ;
L is a linker group containing atoms in a straight or branched chain and an optional selective cleavage site; and B is a
group that can selectively bind to a capture reagent; (b) reacting the sample with the tagging moiety to provide tagged
peptides; (c) contacting the tagged peptides with a capture reagent to provide captured tagged peptides (d) releasing
at least the peptide portion of the tagged peptide from the capture reagent to provide released modified peptides; and
(e) analyzing the released modified peptides by mass spectrometry. The released modified peptide can include all or
part of R and all or part or none of L. Preferred embodiments are set forth in the appended claims.
[0013] In addition, the invention optionally features the moiety R-L*-B where L* is isotopically labeled version of L.
Such isotopically labeled tagging moieties provide a means for quantifying two or more samples each labeled differently
from each other and subsequently mixed together prior to mass analysis. The isotopic label can be 2H, 13C, 15N, 18O, 34S,
or any other suitable isotopic label. The invention also optionally features R*-L-B and R-L-B* were B* is an isotopically
labeled version of B and R* is an isotopically labeled version ofR. The moiety can also provide a means for obtaining
differentially isotopically labeled peptides or proteins.
[0014] Elsewhere in this patent application, "peptide" can be read to include "protein" or "modified peptides or proteins".
[0015] Peptides can derive from enzymatically-digested proteins or be processed in other biological or synthetic means.
Proteins can be isolated from, e.g., a patient cell sample, a patient serum sample, or a patient tissue sample. The proteins
can be derived from, e.g., cultured cells, cultured cells treated with a compound of interest (e.g., a therapeutic compound
or a potential therapeutic compound), or plant cells, microbial cells, a virus, or genetically modified cells.
[0016] L is a single or multipart linker that may be composed of biological or nonbiological oligomeric structure. For
example, L can comprise a polypeptide chain of any sequence, a chain of identical amino acids (e.g., poly-glycine or
poly-alanine), a chain of alternating amino acids or a chain of various amino acids. L can include, for example: O, S,
NH, CO, COO, COS, S-S, CH2, an alkyl group, an alkenyl group, and alkynyl group an alkoxy group, or an aryl group.
L may contain chemical or enzymatic cleavage sites to enable the release of modified peptide or protein from B L may
or may not be differentially labeled with stable or radioactive isotope atoms.
[0017] In certain embodiments L is cleavable and contains a disulfide group or a vicinal diol group, or an ortho-
nitrobenzyl ether, and in certain embodiments L is isotopically labeled, and/or R is isotopically labeled.
[0018] A variety of cleavage sites, either chemical or enzymatic or both, can be included in L. For example chemical
cleavage there can be a disulfide bond that is cleaved using a suitable reducing agent. A glycol or diol bond can be
cleaved by oxidation. A diazo bond can be cleaved using dithionite. An ester can be cleaved using hydroxylamine, acid,
or base. A sulfone can be cleaved using a suitable base. Where L includes a polypeptide, it can be cleaved using a
protease. A glycerol ester can be cleaved using a lipase. A phospho-ester can be cleaved using phosphatase. Polynu-
cleotides or oligonucleotides can be cleaved using a nuclease.
[0019] In various embodiments the releasing step comprises exposing the captured tagged polypeptides to reducing
agents or other cleavage reagents, and the released modified peptides are separated by chromatography prior to analysis
by mass spectrometry. In other embodiments the captured tagged peptides are first treated to release B from the capture
reagent and then treated to release the modified peptide or protein portion from B and all or part of L.
[0020] The B, L, and R moieties can be connected synthetically in a number of ways. For example, commercially
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available capture groups with the structure B-L-NH2 may be purchased. The amino group can be reacted with various
bifunctional cross-linking agents so as to create various R groups attached to B through L.
[0021] Although not part of the present invention, a suitable tagging moiety of the form M-L-R can be prepared as
follows. A magnetic particle (the M portion) having a covalently-bound primary amino group Dynal A/S (Oslo, Norway)
can be activated by reaction with N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP), a heterobifunctional crosslinker
available from Pierce Chemical Company. This reagent provides a pyridine thiol group that can be displaced by the thiol
of a thiol-containing peptide. The peptide may also be a synthetic peptide that also includes a primary amino group to
which a different R group may be attached. Thus, the thiol-containing peptide makes up a portion of the L group. The
thiol-containing peptide can be labeled, e.g., with 13C or deuterium. In such cases, the M-L-R moiety is designated as
M-L*-R. The isotope labeling allows for the relative quantification of peptides or proteins in different samples that are
mixed together and analyzed by mass spectrometry simultaneously. The thiol-containing peptide preferably contains a
cleavage site to allow for release of the captured peptide. Examples of cleavage sites include those with disulfide groups,
that allow for chemical cleavage, or groups that allow for enzymatic cleavage, e.g., by trypsin. Peptides are desirable L
groups, in part, because they are rather easy and relatively simple to synthesize. Because they can be designed to be
substantially hydrophilic, substantially hydrophobic, or neither, they can be adapted to a variety of solution conditions.
Moreover, peptides have structural and conformational flexibility. A peptide can be readily designed to include chemical
cleavage site, an enzymatic cleavage site or both types of cleavage sites.
[0022] As noted above, the primary amino group of the thiol-containing peptide can react with various moieties to
create varying R portions to the structure B-L-R. For example, the primary amino group can react with a moiety including
a hydrazide group. The R moiety will be selective for peptides with the threonine or serine at the amino terminus.
[0023] The B-L-R moiety can be used to react with: (1) peptides, including those arising from enzymatic digestion of
proteins; (2) proteins in a native form; (3) proteins in a denatured form and (4) proteins in their native, membrane-
embedded form.
[0024] In the case of proteins in a native form (and certain peptides large enough to assume a secondary structure),
only those specific amino acids that are presented (i.e., sterically available) on the outer part of the molecule will react
with the B-L-R moiety. Therefore, the attachment allows for the specific targeting of "presented" parts of the protein. In
the case of denatured protein, all parts of the protein are potentially accessible. The protein may subsequently be digested
into peptide components.
[0025] Intact proteins or polypeptides can also be tagged using an R-L-B tagging moiety. Thus, the invention includes
a method comprising (a) providing a tagging moiety having the formula: R-L-B, wherein R is a reactive group that reacts
with polypeptides having an amino terminal serine or an amino terminal threonine L is a linker group, and B is a group
that can selectively bind to a capture reagent; (b) reacting the sample with the tagging moiety to provide a tagged
polypeptide; (c) contacting the tagged polypeptide fragment with the capture reagent to provide a captured tagged
polypeptide; (d) digesting the captured tagged polypeptide to provide a captured tagged polypeptide fragment; (e)
releasing at least the polypeptide portion of the capture tagged polypeptide fragment from the B group to provide released
modified polypeptide fragment; and (f) analyzing the released modified polypeptide fragment by mass spectrometry.
The invention also includes a method comprising: (a) providing a tagging moiety having the formula: R-L-B, wherein R
is a reactive group that reacts with polypeptides having an amino terminal serine or an amino terminal threonine, L is a
linker group, and B is a group that can selectively bind to a capture reagent; (b) reacting the sample with the tagging
moiety to provide a tagged polypeptide; (c) digesting the tagged polypeptide to provide a tagged polypeptide fragment;
(d) contacting the tagged polypeptide fragment with the capture reagent to provide a captured tagged polypeptide
fragment; (e) releasing at least the polypeptide fragment portion of the captured tagged polypeptide fragment from the
B group to provide a released modified polypeptide fragment; and (f) analyzing the released modified polypeptide
fragment by mass spectrometry.
[0026] When polypeptides or proteins are tagged with one of the tagging moieties used in the invention, it should be
understood that the polypeptide or protein is not necessarily an intact, naturally occurring polypeptide or protein (although
it may be). In some embodiments a naturally occurring polypeptide can be subjected to preliminary treatment that reduces
its size before it is tagged.
[0027] In other embodiments, the analysis by mass spectrometry comprises determining the molecular weight of at
least one released modified peptide and/or the amino acid sequence of at least a portion of at least one released modified
peptide and the peptides are treated chemically prior to reacting with the tagging moiety.
[0028] The methods of the invention are useful, in part, because the analysis of complex peptide mixtures can be very
difficult and time consuming. Peptide mixtures generated by enzymatic digestion or other means from whole cell extracts,
organelles, protein complexes, or tissue samples can contain a extraordinarily large number of peptides. For example,
a tryptic digest of a whole mammalian cell lysate can contain 1,000,000 or more peptides. Analyzing the amount, much
less the identity of each peptide in such a mixture is a daunting task. Attempting to identify the proteins from which the
peptides were generated further increases the complexity of the analysis. However, as can be appreciated by those
skilled in the art, a given protein present in a mixture can be identified and quantified based on one or a few of the
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peptides generated by digestion of the protein. It is a commonly accepted practice in biology to identify the presence of
a protein by the binding of an antibody specific to that protein, even though the antibody recognizes and binds to only
a small fraction of the total structure of the protein. In other words, a protein can be identified by detecting fewer than
all of the peptides arising from digestion of the protein. Thus, methods that reduce the complexity of peptide mixtures
in a controlled and predictable manner by isolating a subset of peptides present in the mixture can greatly facilitate the
identification and/or quantification of the proteins from which the peptide mixture was generated.
[0029] Analysis is facilitated because the time and memory required for database searching to identify the peptides
present in the mixture (and the proteins from which they were derived) is greatly reduced. The increases in the speed,
simplicity and confidence of analysis that are achieved by the methods of the invention can be realized with, at most,
only a minor loss of information. This loss of information can occur, for example, because some small fraction of proteins
will, under some conditions, fail to generate peptides that can be tagged with a given R group. Thus, under some
circumstances, a small number of proteins will not be detected. However, the difficulty can be largely overcome by
performing additional analysis. For example, a tagging moiety with a different R group can be used in additional analysis.
In the case of a tagging moiety using a RS/T the proteins in the original mixed protein sample can be digested in an
alternative manner that generates amino terminal ser peptides and/or amino terminal thr peptides from the proteins that
do not generate such peptides under the first set of digestion conditions. This highlights one of the strong points of the
described method, namely that it relies on sequence information that is present in the protein, which means that cutting
the protein with an enzyme of different specificity will lead to a set of peptides that can be nearly orthogonal to the original
set. The results from the secondary analysis can be combined with the results of the primary analysis to create a complete
analysis of the proteins present in the original sample.
[0030] Other features and advantages of the invention will be apparent from the following detailed description and
claims. Any references to M-L-R tagging moieties are given for illustrative purposes only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 depicts the distribution of peptides/protein generated by bioinformatic modeling of a trypsin digestion of the
entire proteome of C. elegans.
Fig. 2 depicts the distribution of cys-containing peptides/protein generated by bioinformatic modeling of a trypsin
digestion of the entire proteome of C. elegans followed by selection of cys-containing peptides.
Fig. 3 depicts the distribution of amino terminal-ser and amino terminal-thr peptides/protein generated by bioinfor-
matic modeling of a trypsin digestion of the entire proteome of C. elegans followed by selection of amino terminal-
ser and amino terminal-thr peptides.
Fig. 4 depicts the structure of biotin hydrazide.
Figs. 5A-5C depict various M-L-R tagging moieties.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Using the methods of the invention complex peptide mixtures can be simplified by isolating peptides which
include particular amino acids (e.g., peptides having an amino terminal serine ("amino terminal-ser peptides") or an
amino terminal threonine ("amino terminal-thr peptides")). The peptides are isolated by reacting the peptides with a
tagging moiety which reacts with the desired peptides and tags them for capture by a capture reagent. The tagging
moiety includes a reactive group (R), a linker group (L), and a group (B) that can selectively bind to a capture reagent.
The tagged peptides are captured and isolated either by contacting them with a capture reagent (e.g., a capture reagent
bound to a solid support). Peptides having either an amino terminal-serine or an amino terminal-threonine can be isolated
from other materials present in the mixture (e.g., other peptides). After isolation, the captured peptides are released
from the capture reagent and analyzed by mass spectroscopy. The peptides can be released by selectively cleaving
the linker group within the tagging moiety or by disrupting the interaction between the capture reagent and the group
that selectively binds to the capture reagent. In many cases the released peptides are modified peptides in that they
may include components derived from the tagging moiety, e.g., all or part of the linker group (L) and/or all or part of the
reactive group (R). In some cases it may be possible to release the peptide in an essentially unmodified form.
[0033] The capture reagent can be avidin or streptavidin or modified avidin or strepavidin and the tagging moiety can
include biotin or a modified biotin. Alternatively, the capture reagent can be biotin or a modified biotin and the tagging
moiety can include avidin or streptavidin or modified avidin or streptavidin. In order to facilitate isolation of the tagged
peptides from other components, the capture reagent can be bound, preferably covalently, to a solid support such as
glass particles, the well of a microtiter plate, magnetic particle or the like. Thus, the tagged peptides can be captured
using avidin or streptavidin coated magnetic particles.
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[0034] The peptides, e.g., the amino terminal-ser and amino terminal-thr peptides, can be generated by cleavage of
a protein or a mixture of proteins. The cleavage can be enzymatic. For example, peptides can be generated by digesting
a protein or mixture of proteins with trypsin using standard techniques.
[0035] Amino terminal-ser and amino terminal-thr peptides for analysis by mass spectrometry can be prepared as
follows. A sample containing a mixture of proteins is subjected to denaturing conditions. The denatured proteins are
digested with trypsin. The beta-amino alcohol moiety present on amino terminal-ser peptides and amino terminal-thr
peptides is selectively oxidized by adding, to the peptide mixture dissolved in pH 7 phosphate buffer, sodium metape-
riodate to make the solution 40 mM in periodate. After incubation at room temperature in the dark for 5 minutes, the
excess oxidant is quenched by the addition of ethylene glycol. The modified peptides are then biotinylated by adding
biotin hydrazide directly to the reaction mixture and incubating for 30 minutes. The selectively biotinylated peptides are
then captured on monomeric-streptavidin coated particles. After washing away non-modified peptides and washing with
HPLC starting buffer, the peptides are eluted from the particles by displacement with free D-biotin. Alternatively, a
specialized biotin-hydrazide that contains a cleavable linker can be used for the biotinylation step and a selective cleavage
reagent can be added to release the bound peptides from the particles. Examples of cleavable groups that can be
incorporated into the linker include a disulfide group (cleaved with TCEP), or a vicinal diol group (cleaved with sodium
periodate). Once the isolated peptides have been released from the particles, they can be analyzed directly by injecting
the sample into the liquid chromatography-mass spectrometry equipment (LC/MS).
[0036] Previously described methods for achieving simplification of peptide mixtures have utilized the reactive sulf-
hydryl group of cysteine (cys) to isolate peptides containing a cys. By isolating peptides having an amino terminal-ser
or an amino terminal-thr, the methods of the present invention can result in even greater simplification with little or no
increase in the number of proteins missed. In general, increased simplification and knowledge of partial sequence
information permits one to conduct more constrained database searches and results in smaller databases with faster
searches, requiring less intensive use of processing capacity and memory. Moreover, in the methods of the invention,
a portion of each peptide analyzed is known (e.g., it is known that there is an amino terminal ser or thr). This constrains
the database searching and facilitates the interpretation of MS/MS fragmentation patterns. Moreover, analysis of peptides
that are modified at the amino terminus may be easier than analysis of internally modified peptides. The methods of the
invention reduce the need for peak parking and hence result in increased sample throughput since occurrence of co-
eluting peaks should decrease.
[0037] The simplification achieved by the present method can be illustrated by examining the proteome resulting from
a complex genome. Figures 1-3 depict the results of bioinformatic analysis of a trypsin digestion of the entire C. elegans
proteome. Figure 1 depicts the distribution of peptides/protein generated by trypsin digestion of the entire proteome.
Figure 2 depicts the distribution of cys-containing peptides/protein generated by trypsin digestion of the entire proteome.
Figure 3 depicts the distribution of amino terminal-ser and amino terminal-thr peptides/protein generated by trypsin
digestion of the entire proteome. The results of these calculations suggest that the greater simplification may be achieved
by selecting amino terminal-ser and amino terminal-thr peptides than by selecting cys-containing peptides. These cal-
culations suggest that about 5% of the proteome is not detectable with each approach (the fraction of proteins having
0 peptides/protein). These calculations have discarded resulting peptides containing 3 or less amino acids as a result
of enzymatic cleavage.
[0038] Fig. 4 depicts the structure of biotin hydrazide. This compound is an example of a B-L-RS/T tagging moiety. It
includes a B group comprising biotin 2, an L group 4, and a RS/T group comprising a hydrazide group 6.
[0039] Figs. 5A-5C depict exemplary combination of M, L, and R (i.e., M-L-R tagging moiety). Fig. 5A depicts a tagging
moiety suitable for capture of peptides having an amino terminal Ser or Thr. The tagging moiety includes a magnetic
particle 8, an L group 10 that includes a disulfide bond cleavage site 12, and a reactive group that includes a hydrazide
group 14. Fig. 5B depicts a tagging moiety suitable for capture of peptides having a Cys. The tagging moiety includes
a magnetic particle 16, an L group 18 that includes a disulfide bond cleavage site 20, and a reactive moiety that includes
a malemide group 22. Fig. 5C depicts a tagging moiety suitable for capture of peptides having a Lys. The tagging moiety
includes a magnetic particle 24, an L group 26 that includes a disulfide bond cleavage site 28, and a reactive moiety
that includes a succinimide group 30.
[0040] The tagging moiety can be isotopically labeled, e.g., by substituting one or more atoms in the linker group or
the reactive moiety with a stable isotope of the atom, e.g., one or more hydrogens can be replaced with deuterium or
one or more 12C can be replaced with 13C or 14N can be labeled with 15N, or combinations thereof. When an isotopically
labeled tagging moiety is used, the released modified peptides will be isotopically labeled. When two peptide samples
are reacted with differentially isotopically labeled, but chemically identical, tagging moieties, quantification of the relative
amount of the peptides in the two samples is facilitated. This is because a mixture of the two peptide samples one
modified with the "light" form of the tag and one modified with the "heavy" form of the tag will contain a light form and a
heavy form of two chemically identical entities. Thus, this approach has been used to quantify cys-containing peptides
(Gygi et al. (1999) Nature Biotech. 17:994; and PCT Publication WO 00/11208) and a similar approach can be used to
quantify amino terminal-ser and amino terminal-thr peptides and lys-containing peptides.
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[0041] Two different peptide samples, e.g., one sample derived from cells exposed to a selected compound and one
sample derived from cells not exposed to the selected compound can be differentially isotopically labeled with the tagging
moieties used in the present invention. The isolated modified differentially isotopically labeled peptides arising from the
two samples can be mixed together and analyzed by mass spectrometry.

Example

[0042] Bovine serum albumin (BSA; Sigma Chemical, Inc.) and horse myoglobin (Sigma Chemical, Inc.) were sepa-
rately digested with trypsin (Promega, Inc.) according to standard procedures. The peptide mixtures obtained from the
digestions were treated with NaIO4. Next, excess oxidant was quenched by the addition of ethylene glycol. The modified
peptides were then selectively biotinylated by incubating the peptide mixtures with biotin hydrazide (Pierce Chemical,
Co.; Figure 4) for 30 minutes. The biotinylated peptides were captured using using MPG streptavidin-coated magnetic
particles (CPG, Inc.). Sample processing was performed with a KingFisher automated magnetic particle processor (Lab
Systems, Inc).
[0043] The samples were analyzed using a Surveyor HPLC (ThermoFinnigan, Inc), configured for nanoflow operation,
coupled to a nanospray source-equipped LCQ Deca mass spectrometer (ThermoFinnigan, Inc.). Reverse phase-HPLC
was performed using a PicoFrit packed tip (New Objective) (75 um i.d. by 10 cm length) and standard reversed-phase
gradients at a flow rate of 100 nL/min.
[0044] Based on the sequence of BSA, trypsin digestion should yield six thr/ser amino terminal peptides. Based on
the sequence of horse myoglobin, trypsin digestion should yield one thr/ser amino terminal peptide. The six expected
peptides for BSA and the one expected peptide for myoglobin were the only peptides observed in the captured fraction.

Other Embodiments

[0045] Two or more tagging moieties with differing R groups can be used in combination. A tagging moiety that is
capable of selectively reacting with cys-containing peptides can be used to isolate cys-containing peptides from one
fraction of a sample of interest. A tagging moiety capable of selectively reacting with amino terminal-ser and amino
terminal-thr peptides can be used to isolated amino-terminal-ser and amino terminal-thr peptides from a second fraction
of the sample of interest. The modified peptides isolated using both types of tagging moieties can be combined and
analyzed by mass spectrometry or they can be independently analyzed and the results combined. If the tagging moieties
can be captured using the same capture reagent, the tagged peptides (a mixture of cys-containing, amino terminal-ser,
and amino terminal-thr peptides) can be captured with the capture reagent in a single reaction. The mixture of released,
modified peptides can then be analyzed by mass spectrometry. Differentially isotopically labeled tagging moieties can
be used to differentially label the peptides in two or more different samples. Thus, the methods of the invention can be
used to isolate and purify peptides or simplify complex mixtures for any purpose.

Equivalents

[0046] Those skilled in the art will recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention described herein. Such equivalents are intended to be encom-
passed by the following claims.

Claims

1. A method for identifying at least one peptide present in a sample, the method comprising:

(a) providing a tagging moiety having the formula:

R-B or R-L-B

wherein R is a reactive group that reacts with peptides having an amino terminal serine or an amino terminal
threonine, L is a linker group, and B is a group that can selectively bind to a capture reagent;
(b) reacting the sample with the tagging moiety to provide tagged peptides;
(c) contacting the tagged peptides with the capture reagent to provide captured tagged peptides;
(d) releasing at least the peptide portion of the captured tagged peptides from the capture reagent to provide
released modified peptides; and
(e) analyzing the released modified peptides by mass spectrometry.
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2. The method of claim 1 wherein R comprises -CO-NH-NH2.

3. The method of claim 1 wherein B comprises biotin.

4. The method of claim 1 wherein B comprises d-iminobiotin.

5. The method of claim 3 wherein the capture reagent comprises avidin or streptavidin.

6. The method of claim 3 where in the releasing step comprises exposing the captured tagged polypeptides to biotin.

7. The method of claim 3 wherein the capture reagent comprises an antibody selective for biotin.

8. The method of claim 1 wherein the tagging moiety is biotin hydrazide.

9. The method of claim 1 wherein the sample is exposed to an oxidizing agent prior to exposing the sample to the
tagging moiety.

10. The method of claim 1 wherein L comprises a disulfide group.

11. The method of claim 1 wherein L comprises a vicinal diol group.

12. The method of claim 1 wherein L is isotopically labeled.

13. The method of claim 1 wherein the released modified peptides are separated by chromatography prior to analysis
by mass spectrometry.

14. The method of claim 1 wherein R is isotopically labeled.

15. The method of claim 1 wherein the analysis by mass spectrometry comprises identifying at least one peptide.

16. The method of claim 1 wherein the analysis by mass spectrometry comprises quantifying at least one peptide.

Patentansprüche

1. Verfahren zur Identifizierung mindestens eines in einer Probe vorliegenden Peptids, wobei das Verfahren umfasst:

(a) Bereitstellen einer Markierungsgruppe der Formel:

R-B oder R-L-B

worin R eine reaktive Gruppe ist, die mit Peptiden reagiert, die ein aminoterminales Serin oder ein aminoter-
minales Threonin aufweisen, L eine Linker-Gruppe ist und B eine Gruppe ist, die selektiv an ein Abfangreagenz
binden kann,
(b) Umsetzen der Probe mit der Markierungsgruppe, um markierte Peptide bereitzustellen,
(c) In-Kontakt-Bringen der markierten Peptide mit dem Abfangreagenz, um abgefangene markierte Peptide
bereitzustellen,
(d) Freisetzen mindestens des Peptidanteils der abgefangenen markierten Peptide aus dem Abfangreagenz,
um freigesetzte modifizierte Peptide bereitzustellen, und
(e) Analysieren der freigesetzten modifizierten Peptide durch Massenspektrometrie.

2. Verfahren nach Anspruch 1, wobei R -CO-NH-NH2 umfasst.

3. Verfahren nach Anspruch 1, wobei B Biotin umfasst.

4. Verfahren nach Anspruch 1, wobei B d-Iminobiotin umfasst.

5. Verfahren nach Anspruch 3, wobei das Abfangreagenz Avidin oder Streptavidin umfasst.
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6. Verfahren nach Anspruch 3, wobei der Freisetzungsschritt ein Exponieren der abgefangenen markierten Polypeptide
gegenüber Biotin umfasst.

7. Verfahren nach Anspruch 3, wobei das Abfangreagenz einen für Biotin selektiven Antikörper umfasst.

8. Verfahren nach Anspruch 1, wobei die Markierungsgruppe Biotinhydrazid ist.

9. Verfahren nach Anspruch 1, wobei die Probe vor einem Exponieren der Probe gegenüber der Markierungsgruppe
einem Oxidationsmittel ausgesetzt wird.

10. Verfahren nach Anspruch 1, wobei L eine Disulfidgruppe umfasst.

11. Verfahren nach Anspruch 1, wobei L eine vizinale Diolgruppe umfasst.

12. Verfahren nach Anspruch 1, wobei L isotopisch markiert ist.

13. Verfahren nach Anspruch 1, wobei die freigesetzten modifizierten Peptide vor einer Analyse durch Massenspek-
trometrie durch Chromatographie aufgetrennt werden.

14. Verfahren nach Anspruch 1, wobei R isotopisch markiert ist.

15. Verfahren nach Anspruch 1, wobei die Analyse durch Massenspektrometrie ein Identifizieren mindestens eines
Peptids umfasst.

16. Verfahren nach Anspruch 1, wobei die Analyse durch Massenspektrometrie ein Quantifizieren mindestens eines
Peptids umfasst.

Revendications

1. Procédé pour l’identification d’au moins un peptide présent dans un échantillon, le procédé comprenant:

(a) la fourniture d’une entité de marquage ayant la formule:

R-B ou R-L-B

où R est un groupe réactif qui réagit avec les peptides ayant une sérine amino-terminale ou une thréonine
amino-terminale, L est un groupe lieur, et B est un groupe qui peut se lier sélectivement à un réactif de capture;
(b) la réaction de l’échantillon avec l’entité de marquage pour procurer des peptides marqués;
(c) la mise en contact des peptides marqués avec le réactif de capture pour procurer des peptides marqués
capturés;
(d) la libération d’au moins la portion peptidique des peptides marqués capturés du réactif de capture pour
procurer des peptides modifiés libérés; et
(e) l’analyse des peptides modifiés libérés par spectrométrie de masse.

2. Procédé selon la revendication 1, dans lequel R comprend -CO-NH-NH2.

3. Procédé selon la revendication 1, dans lequel B comprend la biotine.

4. Procédé selon la revendication 1, dans lequel B comprend la d-iminobiotine.

5. Procédé selon la revendication 3, dans lequel le réactif de capture comprend l’avidine ou la streptavidine.

6. Procédé selon la revendication 3, dans lequel l’étape de libération comprend l’exposition des polypeptides marqués
capturés à la biotine.

7. Procédé selon la revendication 3, dans lequel le réactif de capture comprend un anticorps sélectif pour la biotine.
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8. Procédé selon la revendication 1, dans lequel l’entité de marquage est l’hydrazide de biotine.

9. Procédé selon la revendication 1, dans lequel l’échantillon est exposé à un agent oxydant avant que l’échantillon
soit exposé à l’entité de marquage.

10. Procédé selon la revendication 1, dans lequel L comprend un groupe disulfure.

11. Procédé selon la revendication 1, dans lequel L comprend un groupe diol vicinal.

12. Procédé selon la revendication 1, dans lequel L a un marquage isotopique.

13. Procédé selon la revendication 1, dans lequel les peptides modifiés libérés sont séparés par chromatographie avant
analyse par spectrométrie de masse.

14. Procédé selon la revendication 1, dans lequel R est marqué par voie isotopique.

15. Procédé selon la revendication 1, dans lequel l’analyse par spectrométrie de masse comprend l’identification d’au
moins un peptide.

16. Procédé selon la revendication 1, dans lequel l’analyse par spectrométrie de masse comprend la quantification d’au
moins un peptide.
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