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ABSTRACT 

This invention pertains to methods, mixtures, kits and/or 
compositions for the determination of analytes by mass 
analysis using unique labeling reagents or sets of unique 
labeling reagents. The labeling reagents can be isomeric or 
isobaric and can be used to produce mixtures suitable for 
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multiplex analysis of the labeled analytes. 
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METHODS AND MIXTURES PERTAINING TO 
ANALYTE DETERMINATION USING 

ELECTROPHILIC LABELING REAGENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. Ser. No. 
10/ entitled: “Methods And Mixtures Pertaining To 
Analyte Determination” and ?led on this Jan. 27, 2004, incor 
porated herein by reference. This application is related to US. 
Ser. No. 10/ entitled: “Compositions And Kits Per 
taining To Analyte Determination” and ?led on this J an. 27, 
2004, incorporated herein by reference. This application 
claims the bene?t of US. Provisional Patent Application Ser. 
No. 60/443,612, ?led on Jan. 30, 2003, incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0002] This invention pertains to the ?eld of analyte deter 
mination by mass analysis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1A illustrates the reaction of an analyte With 
tWo different isobaric labeling reagents (e.g. compounds I and 
II). 
[0004] FIG. 1B illustrates the fragmentation of the labeled 
analyte illustrated in FIG. 1A to thereby produce reporter 
moieties (e.g. compounds VII and VIII as signature ions) of 
different masses from the isobarically labeled analytes. 
[0005] FIG. 2 is an expansion plot ofa mass spectrum ofa 
labeled analyte. 
[0006] FIG. 3 is the complete mass spectrum obtained from 
a second mass analysis of the selected labeled analyte iden 
ti?ed in the expansion plot of FIG. 2. 
[0007] FIG. 4 is an expansion plot ofa mass spectrum ofthe 
predominate y-ion daughter fragment ion of the analyte as 
determined in the second mass analysis. 
[0008] FIG. 5 is an expansion plot ofa mass spectrum ofthe 
predominate b-ion daughter fragment ion of the analyte as 
determined in the second mass analysis. 
[0009] FIG. 6 is an expansion plot of a mass spectrum of 
tWo reporters (i.e. signature ions) as determined in the second 
mass analysis. 
[0010] FIG. 7 is a plot of observed vs. predicted ratios of 
reporters determined by a second mass analysis for various 
mixtures of a labeled peptide, each peptide of the mixture 
comprising one of tWo different reporters. 
[0011] FIG. 8 is an illustration oftWo sets ofisobaric label 
ing reagents Wherein the same isotopes (compounds X-XIII) 
and different isotopes (compounds XV-XVIII) are used 
Within the set to thereby achieve reporter/ linker moieties of 
the same gross mass but each With a reporter moiety of a 
different gross mass Within the set. 

[0012] FIGS. 9A and 9B are an illustration of synthetic 
routes to isotopically labeled piperaZine labeling reagents 
from basic starting materials. The route can also be used to 
prepare non-isotopically labeled piperaZine reagents Wherein 
non-isotopically labeled starting materials are used. 
[0013] FIG. 10 is an illustration of a synthetic route to 
isotopically labeled and non-isotopically labeled N-alkyl pip 
eraZine labeling reagents from basic starting materials. 
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[0014] FIG. 11 is an illustration of a synthetic route to 
isotopically labeled and non-isotopically labeled N-alkyl pip 
eraZine labeling reagents from basic starting materials. 
[0015] FIG. 12 is an illustration of a solid phase based 
synthetic route to isotopically labeled and non-isotopically 
labeled piperaZine labeling reagents from basic starting mate 
rials. 

1. INTRODUCTION 

[0016] This invention pertains to methods, mixtures, kits 
and/or compositions for the determination of an analyte or 
analytes by mass analysis. An analyte can be any molecule of 
interest. Non-limiting examples of analytes include, but are 
not limited to, proteins, peptides, nucleic acids, carbohy 
drates, lipids, steroids and small molecules of less than 1500 
daltons. 
[0017] Analytes can be labeled by reaction of the analyte 
With a labeling reagent of the formula: RP-X-LK-Y-RG, or a 
salt thereof, Wherein RG is a reactive group that reacts With 
the analyte and RP, X, LK andY are described in more detail 
beloW. A labeled analyte therefore can have the general for 
mula: RP-X-LK-Y-Analyte. Sets of isomeric or isobaric 
labeling reagents can be used to label the analytes of tWo or 
more different samples Wherein the labeling reagent can be 
different for each different sample and Wherein the labeling 
reagent can comprise a unique reporter, “RP”, that can be 
associated With the sample from Which the labeled analyte 
originated. Hence, information, such as the presence and/or 
amount of the reporter, can be correlated With the presence 
and/or amount (often expressed as a concentration and/or 
quantity) of the analyte in a sample even from the analysis of 
a complex mixture of labeled analytes derived by mixing the 
products of the labeling of different samples. Analysis of such 
complex sample mixtures can be performed in a manner that 
alloWs for the determination of one or a plurality of analytes 
from the same or from multiple samples in a multiplex man 
ner. Thus, the methods, mixtures, kits and/or compositions of 
this invention are particularly Well suited for the multiplex 
analysis of complex sample mixtures. For example, they can 
be used in proteomic analysis and/ or genomic analysis as Well 
as for correlation studies related to genomic and proteomic 
analysis. 

2. DEFINITIONS 

[0018] For the purposes of interpreting of this speci?cation, 
the folloWing de?nitions Will apply and Whenever appropri 
ate, terms used in the singular Will also include the plural and 
vice versa: 

a. As used herein, “analyte” refers to a molecule of interest 
that may be determined. Non-limiting examples of analytes 
can include, but are not limited to, proteins, peptides, nucleic 
acids (both DNA or RNA), carbohydrates, lipids, steroids 
and/or other small molecules With a molecular Weight of less 
than 1500 daltons. The source of the analyte, or the sample 
comprising the analyte, is not a limitation as it can come from 
any source. The analyte or analytes can be natural or syn 
thetic. Non-limiting examples of sources for the analyte, or 
the sample comprising the analyte, include but are not limited 
to cells or tissues, or cultures (or subcultures) thereof. Non 
limiting examples of analyte sources include, but are not 
limited to, crude or processed cell lysates (including Whole 
cell lysates), body ?uids, tissue extracts or cell extracts. Still 
other non-limiting examples of sources for the analyte 
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include but are not limited to fractions from a separations 
process such as a chromatographic separation or an electro 
phoretic separation. Body ?uids include, but are not limited 
to, blood, urine, feces, spinal ?uid, cerebral ?uid, amniotic 
?uid, lymph ?uid or a ?uid from a glandular secretion. By 
processed cell lysate We mean that the cell lysate is treated, in 
addition to the treatments needed to lyse the cell, to thereby 
perform additional processing of the collected material. For 
example, the sample can be a cell lysate comprising one or 
more analytes that are peptides formed by treatment of the 
total protein component of a crude cell lysate With a pro 
teolytic enZyme to thereby digest precursor protein or pro 
teins. 
b. As used herein, “fragmentation” refers to the breaking of a 
covalent bond. 
c. As used herein, “fragment” refers to a product of fragmen 
tation (noun) or the operation of causing fragmentation 
(verb). 
d. It is Well accepted that the mass of an atom or molecule can 
be approximated, often to the nearest Whole number atomic 
mass unit or the nearest tenth or hundredth of an atomic mass 

unit. As used herein, “gross mass” refers to the absolute mass 
as Well as to the approximate mass Within a range Where the 
use of isotopes of different atom types are so close in mass 
that they are the functional equivalent for the purpose of 
balancing the mass of the reporter and/or linker moieties (so 
that the gross mass of the reporter/linker combination is the 
same Within a set or kit of isobaric or isomeric labeling 
reagents) Whether or not the very small difference in mass of 
the different isotopes types used can be detected. 
[0019] For example, the common isotopes of oxygen have 
a gross mass of 16.0 (actual mass 15.9949) and 18.0 (actual 
mass 17.9992), the common isotopes of carbon have a gross 
mass of 12.0 (actual mass 12.00000) and 13.0 (actual mass 
13.00336) and the common isotopes of nitrogen have a gross 
mass of 14.0 (actual mass 14.0031) and 15.0 (actual mass 
15 .0001). Whilst these values are approximate, one of skill in 
the art Will appreciate that if one uses the 18O isotope in one 
reporter of a set, the additional 2 mass units (over the isotope 
of oxygen having a gross mass of 16.0) can, for example, be 
compensated for in a different reporter of the set comprising 
160 by incorporating, elseWhere in the reporter, tWo carbon 
13C atoms, instead of tWo 12C atoms, two 15N atoms, instead 
of two 14N atoms or even one 13C atom and one l5N atom, 
instead of a 12C and a 14N, to compensate for the 18O. In this 
Way the tWo different reporters of the set are the functional 
mass equivalent (i.e. have the same gross mass) since the very 
small actual differences in mass betWeen the use of tWo 13C 
atoms (instead of tWo 12C atoms), two 15N atoms (instead of 
two 14N atoms), one 13C and one l5N (instead of a 12C and 
14N) or one 180 atom (instead of one 160 atom), to thereby 
achieve an increase in mass of tWo Daltons, in all of the labels 
of the set or kit, is not an impediment to the nature of the 
analysis. 
[0020] This can be illustrated With reference to FIG. 8. In 
FIG. 8, the reporter/linker combination of compound XVII 
(FIG. 8; chemical formula: CSBCHIOISNZO) has two 15N 
atoms and one 13C atom and a total theoretical mass of 129. 
138. By comparison, isobar XV (FIG. 8; chemical formula 
C5l3CH1ON218O) has one 180 atom and one 13C atom and a 
total theoretical mass of 129.151. Compounds XVII and XV 
are isobars that are structurally and chemically indistinguish 
able, except for heavy atom isotope content, although there is 
a slight absolute mass difference (mass 129.138 vs. mass 
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129.151 respectively). HoWever, the gross mass of com 
pounds XVII and XV is 129.1 for the purposes of this inven 
tion since this is not an impediment to the analysis Whether or 
not the mass spectrometer is sensitive enough to measure the 
small difference betWeen the absolute mass of isobars XVII 
and XV. 
[0021] From FIG. 8, it is clear that the distribution of the 
same heavy atom isotopes Within a structure is not the only 
consideration for the creation of sets of isomeric and/or iso 
baric labeling reagents. It is possible to mix heavy atom 
isotope types to achieve isomers or isobars of a desired gross 
mass. In this Way, both the selection (combination) of heavy 
atom isotopes as Well as their distribution is available for 
consideration in the production of the isomeric and/or iso 
baric labeling reagents useful for embodiments of this inven 
tion. 
e. As used herein, “isotopically enriched” refers to a com 
pound (e.g. labeling reagent) that has been enriched syntheti 
cally With one or more heavy atom isotopes e.g. stable iso 
topes such as Deuterium, 13C, 15N, l 0, 7C1 or 81Br). 
Because isotopic enrichment is not 100% effective, there can 
be impurities of the compound that are of lesser states of 
enrichment and these Will have a loWer mass. LikeWise, 
because of over-enrichment (undesired enrichment) and 
because of natural isotopic abundance, there can be impuri 
ties of greater mass. 
f. As used herein, “labeling reagent” refers to a moiety suit 
able to mark an analyte for determination. The term label is 
synonymous With the terms tag and mark and other equivalent 
terms and phrases. For example, a labeled analyte can also be 
referred to as a tagged analyte or a marked analyte. Accord 
ingly the terms “label”, “tag”, “mar ” and derivatives of these 
terms, are interchangeable and refer to a moiety suitable to 
mark, or that has marked, an analyte for determination. 
g. As used herein, “support”, “solid support” or “solid carrier” 
means any solid phase material upon Which a labeling reagent 
can be immobiliZed. ImmobiliZation can, for example, be 
used to label analytes or be used to prepare a labeling reagent, 
Whether or not the labeling occurs on the support. Solid 
support encompasses terms such as “resin”, “synthesis sup 
port”, “solid phase”, “surface” “membrane” and/or “sup 
port”. A solid support can be composed of organic polymers 
such as polystyrene, polyethylene, polypropylene, poly?uo 
roethylene, polyethyleneoxy, and polyacrylamide, as Well as 
co-polymers and grafts thereof. A solid support can also be 
inorganic, such as glass, silica, controlled-pore-glass (CPG), 
or reverse-phase silica. The con?guration of a solid support 
can be in the form of beads, spheres, particles, granules, a gel, 
a membrane or a surface. Surfaces can be planar, substantially 
planar, or non-planar. Solid supports can be porous or non 
porous, and can have sWelling or non-sWelling characteris 
tics. A solid support can be con?gured in the form of a Well, 
depression or other container, vessel, feature or location. A 
plurality of solid supports can be con?gured in an array at 
various locations, addressable for robotic delivery of 
reagents, or by detection methods and/ or instruments. 
h. As used herein, “natural isotopic abundance” refers to the 
level (or distribution) of one or more isotopes found in a 
compound based upon the natural prevalence of an isotope or 
isotopes in nature. For example, a natural compound obtained 
from living plant matter Will typically contain about 0.6% 
13 C. 

3. GENERAL 

The Reactive Group 
[0022] The reactive group “RG” of the labeling reagent or 
reagents used in the method, mixture, kit and/or composition 
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embodiments can be either an electrophile or a nucleophile 
that is capable of reacting With one or more reactive analytes 
of a sample. The reactive group can be preexisting or it can be 
prepared in-situ. In- situ preparation of the reactive group can 
proceed in the absence of the reactive analyte or it can proceed 
in the presence of the reactive analyte. For example, a car 
boxylic acid group can be modi?ed in-situ With Water-soluble 
carbodiimide (e. g. 1-(3-dimethylaminopropyl)-3 -ethylcar 
bodiimide hydrochloride; EDC) to thereby prepare an elec 
trophilic group that can be reacted With a nucleophile such as 
an amine group. In some embodiments, activation of the 
carboxylic acid group of a labeling reagent With EDC can be 
performed in the presence of an amine (nucleophile) contain 
ing analyte. In some embodiments, the amine (nucleophile) 
containing analyte can also be added after the initial reaction 
With EDC is performed. In other embodiments, the reactive 
group can be generated in-situ by the in-situ removal of a 
protecting group. Consequently, any existing or neWly cre 
ated reagent or reagents that can effect the derivatiZation of 
analytes by the reaction of nucleophiles and/ or electrophiles 
are contemplated by the method, mixture, kit and/ or compo 
sition embodiments of this invention. 
[0023] Where the reactive group of the labeling reagent is 
an electrophile, it can react With a suitable nucleophilic group 
of the analyte or analytes. Where the reactive group of the 
labeling reagent is a nucleophile, it can react With a suitable 
electrophilic group of the analyte or analytes. Numerous pairs 
of suitable nucleophilic groups and electrophilic groups are 
knoWn and often used in the chemical and biochemical arts. 
Non-limiting examples of reagents comprising suitable 
nucleophilic or electrophilic groups that can be coupled to 
analytes (e.g. such as proteins, peptides, nucleic acids, car 
bohydrates, lipids, steroids or other small molecules of less 
that 1500 daltons) to effect their derivatiZation, are described 
in the Pierce Life Science & Analytical Research Products 
Catalog & Handbook (a Perstorp Biotec Company), Rock 
ford, Ill. 61 105, USA. Other suitable reagents are Well knoWn 
in the art and are commercially available from numerous 
other vendors such as Sigma-Aldrich. 
[0024] The reactive group of a labeling reagent can be an 
amine reactive group. For example the amine reactive group 
can be an active ester. Active esters are Well knoWn in peptide 
synthesis and refer to certain esters that are easily reacted With 
the N-a amine of an amino acid under conditions commonly 
used in peptide synthesis. The amine reactive active ester can 
be an N-hydroxysuccinimidyl ester, a N-hydroxysulfosuccin 
imidyl ester, a penta?uorophenyl ester, a 2-nitrophenyl ester, 
a 4-nitrophenyl ester, a 2,4-dinitrophenylester or a 2,4-dih 
alophenyl ester. For example, the alcohol or thiol group of an 
active ester can have the formula: 
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-continued 
X — , X — a or 

Cl Cl 

Cl Cl 

N02 01 
X— 

F F; 

F F 

F 

Wherein X is O or S, but preferably 0. All of the foregoing 
being alcohol or thiol groups knoWn to form active esters in 
the ?eld of peptide chemistry Wherein said alcohol or thiol 
group is displaced by the reaction of the N-ot-amine of the 
amino acid With the carbonyl carbon of the ester. It should be 
apparent that the active ester (e.g. N-hydroxysuccinimidyl 
ester) of any suitable labelling/tagging reagent described 
herein could be prepared using Well-knoWn procedures (See: 
Greg T. Hermanson (1996). “The Chemistry of Reactive 
Groups” in “Bioconjugate Techniques” Chapter 2 pages 137 
165, Academic Press, (New York); also see: Innovation And 
Perspectives In Solid Phase Synthesis, Editor: Roger Epton, 
SPCC (UK) Ltd, Birmingham, 1990). Methods for the for 
mation of active esters of N-substituted piperaZine acetic 
acids compounds that are representative examples of label 
ling reagents of the general formula: RP-X-LK-Y-RG, are 
described in co-pending and commonly oWned US. patent 
application Ser. No. 10/751,354, incorporated herein by ref 
erence. 

[0025] In another embodiment, the reactive group of the 
labeling reagent can be a mixed anhydride since mixed anhy 
drides are knoWn to e?iciently react With amine groups to 
thereby produce amide bonds. 
[0026] The reactive group of a labeling reagent can be a 
thiol reactive group. For example, the thiol reactive group can 
be a malemide, an alkyl halide, an aryl halide of an ot-halo 
acyl. By halide or halo We mean atoms of ?uorine, chlorine, 
bromine or iodine. 
[0027] The reactive group of a labeling reagent can be a 
hydroxyl reactive group. For example, the hydroxyl reactive 
group can be a trityl-halide or a silyl-halide reactive moiety. 
The trityl-halide reactive moieties can be substituted (e.g. 
Y-methoxytrityl, Y-dimethoxytrityl, Y-trimethoxytrityl, etc) 
or unsubstituted WhereinY is de?ned beloW. The silyl reactive 
moieties can be alkyl substituted silyl halides, such asY-dim 
ethylsilyl, Y-ditriethylsilyl, Y-dipropylsilyl, Y-diisopropylsi 
lyl, etc.) WhereinY is de?ned beloW. 
[0028] The reactive group of the labeling reagent can be a 
nucleophile such as an amine group, a hydroxyl group or a 
thiol group. 

The Reporter Moiety: 

[0029] The reporter moiety of the labeling reagent or 
reagents used in the method, mixture, kit and/or composition 
embodiments is a group that has a unique mass (or mass to 
charge ratio) that can be determined. Accordingly, each 
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reporter of a set can have a unique gross mass. Different 
reporters can comprise one or more heavy atom isotopes to 
achieve their unique mass. For example, isotopes of carbon 
(12C, 13C and 14C), nitrogen (“N and 15N), oxygen (160 and 
l 8O) or hydrogen (hydrogen, deuterium and tritium) exist and 
can be used in the preparation of a diverse group of reporter 
moieties. Examples of stable heavy atom isotopes include 
13 C, 15 N, 18O and deuterium. These are not limiting as other 
light and heavy atom isotopes can also be used in the reporter. 
Basic starting materials suitable for preparing reporters com 
prising light and heavy atom isotopes are available from 
various commercial sources such as Cambridge Isotope 
Laboratories, Andover, Mass. (See: list or “basic starting 
materials” at WWW.isotope.com) and Isotec (a division of 
Sigma-Aldrich). Cambridge Isotope Laboratories and Isotec 
Will also prepare desired compounds under custom synthesis 
contracts. Id. 

[0030] A unique reporter can be associated With a sample of 
interest thereby labeling one or multiple analytes of that 
sample With the reporter. In this Way information about the 
reporter canbe associated With information about one or all of 
the analytes of the sample. HoWever, the reporter need not be 
physically linked to an analyte When the reporter is deter 
mined. Rather, the unique gross mass of the reporter can, for 
example, be determined in a second mass analysis of a tan 
dem mass analyZer, after ions of the labeled analyte are frag 
mented to thereby produce daughter fragment ions and 
detectable reporters. The determined reporter can be used to 
identify the sample from Which a determined analyte origi 
nated. Further, the amount of the unique reporter, either rela 
tive to the amount of other reporters or relative to a calibration 
standard (eg an analyte labeled With a speci?c reporter), can 
be used to determine the relative or absolute amount (often 
expressed as a concentration and/or quantity) of analyte in the 
sample or samples. Therefore information, such as the 
amount of one or more analytes in a particular sample, can be 
associated With the reporter moiety that is used to label each 
particular sample. Where the identity of the analyte or ana 
lytes is also determined, that information can be correlated 
With information pertaining to the different reporters to 
thereby facilitate the determination of the identity and 
amount of each labeled analyte in one or a plurality of 
samples. 
[0031] The reporter either comprises a ?xed charge or is 
capable of becoming ioniZed. Because the reporter either 
comprises a ?xed charge or is capable of being ioniZed, the 
labeling reagent might be isolated or used to label the reactive 
analyte in a salt or ZWitterionic form. IoniZation of the 
reporter facilitates its determination in a mass spectrometer. 
Accordingly, the reporter can be determined as a ion, some 
times referred to as a signature ion. When ioniZed, the 
reporter can comprise one or more net positive or negative 
charges. Thus, the reporter can comprise one or more acidic 
groups or basic groups since such groups can be easily ion 
iZed in a mass spectrometer. For example, the reporter can 
comprise one or more basic nitrogen atoms (positive charge) 
or one or more ioniZable acidic groups such as a carboxylic 

acid group, sulfonic acid group or phosphoric acid group 
(negative charge). Non-limiting examples of reporters com 
prising a basic nitrogen include, substituted or unsubstituted, 
morpholines, piperidines or piperaZines. 
[0032] The reporter can be a 5, 6 or 7 membered heterocy 
clic ring comprising a ring nitrogen atom that is N-alkylated 
With a substituted or unsubstituted acetic acid moiety to 
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Which the analyte is linked through the carbonyl carbon of the 
N-alkyl acetic acid moiety, Wherein each different label com 
prises one or more heavy atom isotopes. The heterocyclic ring 
can be substituted or unsubstituted. The heterocyclic ring can 
be aliphatic or aromatic. Possible substituents of the hetero 
cylic moiety include alkyl, alkoxy and aryl groups. The sub 
stituents can comprise protected or unprotected groups, such 
as amine, hydroxyl or thiol groups, suitable for linking the 
analyte to a support. The heterocyclic ring can comprise 
additional heteroatoms such as one or more nitrogen, oxygen 
or sulfur atoms. 

[0033] The reporter can be selected so that it does not 
substantially sub-fragment under conditions typical for the 
analysis of the analyte. The reporter can be chosen so that it 
does not substantially sub-fragment under conditions of dis 
sociative energy applied to cause fragmentation of both bonds 
X andY of at least a portion of selected ions of a labeled 
analyte in a mass spectrometer. By “does not substantially 
sub-fragment” We mean that fragments of the reporter are 
dif?cult or impossible to detect above background noise 
When applied to the successful analysis of the analyte of 
interest. The gross mass of a reporter can be intentionally 
selected to be different as compared With the mass of the 
analyte sought to be determined or any of the expected frag 
ments of the analyte. For example, Where proteins or peptides 
are the analytes, the reporter’s gross mass can be chosen to be 
different as compared With any naturally occurring amino 
acid or peptide, or expected fragments thereof. This can 
facilitate analyte determination since, depending on the ana 
lyte, the lack of any possible components of the sample hav 
ing the same coincident mass can add con?dence to the result 
of any analysis. 
[0034] The reporter can be a small molecule that is non 
polymeric. The reporter does not have to be a biopolymer 
(eg a peptide, a protein or a nucleic acid) or a component of 
a biopolymer (eg an amino acid, a nucleoside or a nucle 
otide). The gross mass of a reporter can be less than 250 
Daltons. Such a small molecule can be easily determined in 
the second mass analysis, free from other components of the 
sample having the same coincident mass in the ?rst mass 
analysis. In this context, the second mass analysis can be 
performed, typically in a tandem mass spectrometer, on 
selected ions that are determined in the ?rst mass analysis. 
Because ions of a particular mass to charge ratio can be 
speci?cally selected out of the ?rst mass analysis for possible 
fragmentation and further mass analysis, the non-selected 
ions from the ?rst mass analysis are not carried forWard to the 
second mass analysis and therefore do not contaminate the 
spectrum of the second mass analysis. Furthermore, the sen 
sitivity of a mass spectrometer and the linearity of the detector 
(for purposes of quantitation) can be quite robust in this loW 
mass range. Additionally, the present state of mass spectrom 
eter technology can alloW for baseline mass resolution of less 
than one Dalton in this mass range (See for example: FIG. 6). 
These factors may prove to be useful advancements to the 
state of the art. 

The Linker Moiety: 

[0035] The linker moiety of the labeling reagent or reagents 
used With the method, mixture, kit and/ or composition 
embodiments links the reporter to the analyte or the reporter 
to the reactive group depending on Whether or not a reaction 
With the analyte has occurred. The linker can be selected to 
produce a neutral species When both bonds X and Y are 
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fragmented (i.e. undergoes neutral loss upon fragmentation 
of both bonds X andY). The linker can be a very small moiety 
such as a carbonyl or thiocarbonyl group. For example, the 
linker can comprise at least one heavy atom isotope and 
comprise the formula: 

0 s NH NR1 

)k )K )k or )K 
wherein R1 is the same or different and is an alkyl group 
comprising one to eight carbon atoms Which may optionally 
contain a heteroatom or a substituted or unsubstituted aryl 
group Wherein the carbon atoms of the alkyl and aryl groups 
independently comprise linked hydrogen, deuterium and/or 
?uorine atoms. The linker can be a larger moiety. The linker 
can be a polymer or a biopolymer. The linker can be designed 
to sub-fragment When subjected to dissociative energy levels; 
including sub -fragmentation to thereby produce only neutral 
fragments of the linker. 
[0036] The linker moiety can comprise one or more heavy 
atom isotopes such that its mass compensates for the differ 
ence in gross mass betWeen the reporters for each labeled 
analyte of a mixture or for the reagents of set and/or kit. 
Moreover, the aggregate gross mass (i.e. the gross mass taken 
as a Whole) of the reporter/ linker combination can be the same 
for each labeled analyte of a mixture or for the reagents of set 
and/ or kit. More speci?cally, the linker moiety can compen 
sate for the difference in gross mass betWeen reporters of 
labeled analytes from different samples Wherein the unique 
gross mass of the reporter correlates With the sample from 
Which the labeled analyte originated and the aggregate gross 
mass of the reporter/ linker combination is the same for each 
labeled analyte of a sample mixture regardless of the sample 
from Which it originated. In this Way, the gross mass of 
identical analytes in tWo or more different samples can have 
the same gross mass When labeled and then mixed to produce 
a sample mixture. 
[0037] For example, the labeled analytes, or the reagents of 
a set and/or kit for labeling the analytes, can be isomers or 
isobars. Thus, if ions of a particular mass to charge ratio 
(taken from the sample mixture) are selected (i.e. selected 
ions) in a mass spectrometer from an initial mass analysis of 
the sample mixture, identical analytes from the different 
samples that make up the sample mixture are represented in 
the selected ions in proportion to their respective concentra 
tion and/or quantity in the sample mixture. Accordingly, the 
linker not only links the reporter to the analyte, it also can 
serve to compensate for the differing masses of the unique 
reporter moieties to thereby harmoniZe the gross mass of the 
reporter/linker combination in the labeled analytes of the 
various samples. 
[0038] Because the linker can act as a mass balance for the 
reporter in the labeling reagents, such that the aggregate gross 
mass of the reporter/linker combination is the same for all 
reagents of a set or kit, the greater the number of atoms in the 
linker, the greater the possible number of different isomeric/ 
isobaric labeling reagents of a set and/or kit. Stated differ 
ently, generally the greater the number of atoms that a linker 
comprises, the greater number of potential reporter/linker 
combinations exist since isotopes can be substituted at most 
any position in the linker to thereby produce isomers or iso 
bars of the linker portion Wherein the linker portion is used to 
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offset the differing masses of the reporter portion and thereby 
create a set of reporter/ linker isomers or isobars. Such diverse 
sets of labeling reagents are particularly Well suited for mul 
tiplex analysis of analytes in the same and/or different 
samples. 
[0039] The total number of labeling reagents of a set and/or 
kit can be tWo, three, four, ?ve, six, seven, eight, nine, ten or 
more. The diversity of the labeling reagents of a set or kit is 
limited only by the number of atoms of the reporter and linker 
moieties, the heavy atom isotopes available to substitute for 
the light isotopes and the various synthetic con?gurations in 
Which the isotopes can be synthetically placed. As suggested 
above hoWever, numerous isotopically enriched basic starting 
materials are readily available from manufacturers such as 
Cambridge Isotope Laboratories and Isotec. Such isotopi 
cally enriched basic starting materials can be used in the 
synthetic processes used to produce sets of isobaric and iso 
meric labeling reagents or be used to produce the isotopically 
enriched starting materials that can be used in the synthetic 
processes used to produce sets of isobaric and isomeric label 
ing reagents. Some examples of the preparation of isobaric 
labeling reagents suitable for use in a set of labeling reagents 
can be found in the Examples section, beloW. 

The Reporter/ Linker Combination: 

[0040] The labeling reagents described herein comprise 
reporters and linkers that are linked through the bond X. As 
described above, the reporter/ linker combination can be iden 
tical in gross mass for each member of a set and/or kit of 
labeling reagents. Moreover, bond X of the reporter/linker 
combination of the labeling reagents can be designed to frag 
ment, in at least a portion of the selected ions, When subjected 
to dissociative energy levels thereby releasing the reporter 
from the analyte. Accordingly, the gross mass of the reporter 
(as a m/s ratio) and its intensity can be observed directly in 
MS/MS analysis. 
[0041] The reporter/linker combination can comprise vari 
ous combinations of the same or different heavy atom iso 
topes amongst the various labeling reagents of a set or kit. In 
the scienti?c literature this has sometimes been referred to as 
coding or isotope coding. For example, Abersold et al. has 
disclosed the isotope coded af?nity tag (ICAT; see WOOO/ 
11208). In one respect, the reagents of Abersold et al. differ 
from the labeling reagents of this invention in that Abersold 
does not teach tWo or more same mass labeling reagents such 
as isomeric or isobaric labeling reagents. 

Mass Spectrometers/Mass Spectrometry (MS): 

[0042] The methods of this invention can be practiced using 
tandem mass spectrometers and other mass spectrometers 
that have the ability to select and fragment molecular ions. 
Tandem mass spectrometers (and to a lesser degree single 
stage mass spectrometers) have the ability to select and frag 
ment molecular ions according to their mass-to-charge (m/Z) 
ratio, and then record the resulting fragment (daughter) ion 
spectra. More speci?cally, daughter fragment ion spectra can 
be generated by subjecting selected ions to dissociative 
energy levels (e.g. collision-induced dissociation (CID)). For 
example, ions corresponding to labeled peptides of a particu 
lar m/Z ratio can be selected from a ?rst mass analysis, frag 
mented and reanalyZed in a second mass analysis. Represen 
tative instruments that can perform such tandem mass 
analysis include, but are not limited to, magnetic four-sector, 
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tandem time-of-?ight, triple quadrupole, ion-trap, and hybrid 
quadrupole time-of-?ight (Q-TOF) mass spectrometers. 
[0043] These types of mass spectrometers may be used in 
conjunction With a variety of ionization sources, including, 
but not limited to, electrospray ioniZation (ESI) and matrix 
assisted laser desorption ioniZation (MALDI). IoniZation 
sources can be used to generate charged species for the ?rst 
mass analysis Where the analytes do not already possess a 
?xed charge. Additional mass spectrometry instruments and 
fragmentation methods include post-source decay in 
MALDI-MS instruments and high-energy CID using 
MALDI-TOF(time of ?ight)-TOF MS. For a recent revieW of 
tandem mass spectrometers please see: R. Aebersold and D. 
Goodlett, Mass Spectrometry in Proleomics. Chem. Rev. 101: 
269-295 (2001). Also see U.S. Pat. No. 6,319,476, herein 
incorporated by reference, for a discussion of TOF-TOF mass 
analysis techniques. 

Fragmentation by Dissociative Energy Levels: 

[0044] It is Well accepted that bonds can fragment as a 
result of the processes occurring in a mass spectrometer. 
Moreover, bond fragmentation can be induced in a mass 
spectrometer by subjecting ions to dissociative energy levels. 
For example, the dissociative energy levels can be produced 
in a mass spectrometer by collision-induced dissociation 
(CID). Those of ordinary skill in the art of mass spectrometry 
Will appreciate that other exemplary techniques for imposing 
dissociative energy levels that cause fragmentation include, 
but are not limited to, photo dissociation, electron capture and 
surface induced dissociation. 
[0045] The process of fragmenting bonds by collision-in 
duced dissociation involves increasing the kinetic energy 
state of selected ions, through collision With an inert gas, to a 
point Where bond fragmentation occurs. For example, kinetic 
energy can be transferred by collision With an inert gas (such 
as nitrogen, helium or argon) in a collision cell. The amount 
of kinetic energy that can be transferred to the ions is propor 
tional to the number of gas molecules that are alloWed to enter 
the collision cell. When more gas molecules are present, a 
greater amount of kinetic energy can be transferred to the 
selected ions, and less kinetic energy is transferred When 
there are feWer gas molecules present. 
[0046] It is therefore clear that the dissociative energy level 
in a mass spectrometer can be controlled. It is also Well 
accepted that certain bonds are more labile than other bonds. 
The lability of the bonds in an analyte or the reporter/linker 
moiety depends upon the nature of the analyte or the reporter/ 
linker moiety. Accordingly, the dissociative energy levels can 
be adjusted so that the analytes and/or the labels (e. g. the 
reporter/linker combinations) can be fragmented in a manner 
that is determinable. One of skill in the art Will appreciate hoW 
to make such routine adjustments to the components of a mass 
spectrometer to thereby achieve the appropriate level of dis 
sociative energy to thereby fragment at least a portion of ions 
of labeled analytes into ioniZed reporter moieties and daugh 
ter fragment ions. 
[0047] For example, dissociative energy can be applied to 
ions that are selected/isolated from the ?rst mass analysis. In 
a tandem mass spectrometer, the extracted ions can be sub 
jected to dissociative energy levels and then transferred to a 
second mass analyZer. The selected ions can have a selected 
mass to charge ratio. The mass to charge ratio can be Within a 
range of mass to charge ratios depending upon the character 
istics of the mass spectrometer. When collision induced dis 
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sociation is used, the ions can be transferred from the ?rst to 
the second mass analyZer by passing them through a collision 
cell Where the dissociative energy can be applied to thereby 
produce fragment ions. For example the ions sent to the 
second mass analyZer for analysis can include some, or a 
portion, of the remaining (unfragmented) selected ions, as 
Well as reporter ions (signature ions) and daughter fragment 
ions of the labeled analyte. 

Analyte Determination by Computer Assisted Database 
Analysis: 

[0048] In some embodiments, analytes can be determined 
based upon daughter-ion fragmentation patterns that are ana 
lyZed by computer-assisted comparison With the spectra of 
knoWn or “theoretical” analytes. For example, the daughter 
fragment ion spectrum of a peptide ion fragmented under 
conditions of loW energy CID can be considered the sum of 
many discrete fragmentation events. The common nomencla 
ture differentiates daughter fragment ions according to the 
amide bond that breaks and the peptide fragment that retains 
charge folloWing bond ?ssion. Charge-retention on the N-ter 
minal side of the ?ssile amide bond results in the formation of 
a b-type ion. If the charge remains on the C-terminal side of 
the broken amide bond, then the fragment ion is referred to as 
a y-type ion. In addition to b- and y-type ions, the CID mass 
spectrum may contain other diagnostic fragment ions (daugh 
ter fragment ions). These include ions generated by neutral 
loss of ammonia (—17 amu) from glutamine, lysine and argi 
nine or the loss of Water (— 1 8 amu) from hydroxyl-containing 
amino acids such as serine and threonine. Certain amino acids 
have been observed to fragment more readily under condi 
tions of loW-energy CID than others. This is particularly 
apparent for peptides containing proline or aspartic acid resi 
dues, and even more so at aspartyl-proline bonds (Mak, M. et 
al., Rapid Commun. Mass Spectrom, 12: 837-842) (1998). 
Accordingly, the peptide bond of a Z-pro dimer or Z-asp 
dimer, Wherein Z is any natural amino acid, pro is proline and 
asp is aspartic acid, Will tend to be more labile as compared 
With the peptide bond betWeen all other amino acid dimer 
combinations. 
[0049] For peptide and protein samples therefore, loW-en 
ergy CID spectra contain redundant sequence-speci?c infor 
mation in overlapping b- and y-ser‘ies ions, internal fragment 
ions from the same peptide, and immonium and other neutral 
loss ions. Interpreting such CID spectra to assemble the 
amino acid sequence of the parent peptide de novo is chal 
lenging and time-consuming. The most signi?cant advances 
in identifying peptide sequences have been the development 
of computer algorithms that correlate peptide CID spectra 
With peptide sequences that already exist in protein and DNA 
sequence databases. Such approaches are exempli?ed by pro 
grams such as SEQUEST (Eng, J. et al. J. Am. Soc. Mass 
Spectrom, 5: 976-989 (1994)) and MASCOT (Perkins, D. et 
al. Electrophoresis, 20: 3551-3567 (1999)). 
[0050] In brief, experimental peptide CID spectra (MS/MS 
spectra) are matched or correlated With ‘theoretical’ daughter 
fragment ion spectra computationally generated from peptide 
sequences obtained from protein or genome sequence data 
bases. The match or correlation is based upon the similarities 
betWeen the expected mass and the observed mass of the 
daughter fragment ions in MS/ MS mode. The potential match 
or correlation is scored according to hoW Well the experimen 
tal and ‘theoretical’ fragment patterns coincide. The con 
straints on databases searching for a given peptide amino acid 












































