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CROSS-REFERENCE TO RELATED APPLICATION

[6601] This application claims the priority benefit under 35 U.S.C. §119(e) of U.5.
provisional patent application number 60/840,198 entitled "Data-Dependent Selection of
Fragmentation Type" filed on August 25, 2006, the disclosure of which is incorporated herein

by reference.

FIELD OF THE INVENTION

[06002] The present invention relates generally to mass spectrometry, and more
particularly to automated acquisition of MS/MS and MS" spectra utilizing data-dependent

methodologies.

BACKGRQOUND OF THE INVENTION

[0003] Data-dependent acquisition (also referred to, in various commercial
implementations, as Information Dependent Acquisition (IDA), Data Directed Analysis
(DDA), and AUTO MS/MS) is a valuable and widely-used tool in the mass spectrometry art,
particularly for the analysis of complex samples. Generally described, data-dependent
acquisition involves using data derived from an experimentally-acquired mass spectrum in an
“on-the-fly” manner to direct the subsequent operation of a mass spectrometer; for example, a
mass spectrometer may be switched between MS and MS/MS scan modes upon detection of
an ion species of potential interest. Utilization of data-dependent acquisition methods ina
mass spectrometer provides the ability to make automated, real-time decisions in order to
maximize the useful information content of the acquired data, thereby aveiding or reducing
the need to perform multiple chromatographic runs or injections of the analyte sample. These
methods can be tailored for specific desired objectives, such as enhancing the number of
peptide identifications from the analysis of a complex mixture of peptides derived froma

bioiogical sample.
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there remains a need for novel data-dependent acquisition methods that
can be employed with the recently developed advanced dissociation
techniques to more fully exploit the opportunities for acquiring enhanced
informational content. SUMMARY 100061In a first aspect of the
invention, there is provided a method of analyzing a sample by mass
spectrometry, comprising: acquiring a mass spectrum of ions derived from
the sample; identifying an ion species of interest from the mass spectrum;
automatically selecting a dissociation type from a plurality of distinct
candidate dissociation types by dete%mining a charge state of the
identified ion species and applying specified criteria, the specified criteria
being based at least partially on the determined charge state: and
dissociating the identified ion species using the selected dissociation type.
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[0006a]In a second aspect of the invention, there is provided a mass

spectrometer, comprising: an ion source for generating ions from a

sample; a mass analyzer operable to acquire a mass spectrum of the

ions; a controller, coupled to the mass analyzer, configured to perform

steps of: identifying an ion species of interest from the mass spectrum;
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selection of dissociation type, embodiments of the present invention make
more effective use of the capabilities of a mass spectrometer instrument
and facilitate production of more useful data. In one simple example, it is
known that certain dissociation techniques (e.g., ETD) are (:hé';lr/%cS eri;(g_g
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of interest, in accordance with an illustrative embodiment of the in\/gznti n;
160671 In another embodiment of the invention, a mass spectrometer 1S provided that

includes an ion source for generating ions from a sample to be analyzed, a mass analyzer for
acquiring a mass spectrum of the ions, and a dissociation device. The mass analyzer and
dissociation device may be integrated into a common structure, such as a two-dimensional

jon trap mass analyzer. The mass analyzer and dissociation device communicate with a
controller, which is programmed to identify an ion species of interest from the mass spectrum
and to select an appropriate dissociation type from a list of candidate dissociation types by
applying specified criteria based at least partially on the determined charge state of the ion
species of interest. The controller then directs the ion dissociation device to dissociate the ion

species using the selected dissociation type to produce product ions.

[8038] By expanding the concept of data-dependent methodologies to include
selection of dissociation type, embodiments of the present invention make more effective use
of the capabilities of a mass spectrometer instrament and facilitate production of more useful
data. In one simple example, it is known that certain dissociation techniques (e.g., ETD} arc
characterized by a strong dependence of dissociation efficiency on ion charge state, and thus
may not vield meaningful results when applied to ions having a low charge state. Tn such a
case, the mass spectrometer may be programmed to limit its use of the charge-state dependent
dissociation technique to ion species having the requisite charge state, and 1o use an
alternative dissociation technique, such as CAD, for ion species that do not meet the charge

state criteria.



[0012]FIG. 3 is a tabular representation of one example of a specified
relationship between input criteria and dissociation type, wherein the input
criteria is based solely on the charge state of the ion species; and
0013JFIG. 4 is a tabular representation of another example o ifi
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[0014]FIG. 1 is a schematic depiction of a mass spectrometer 100 in
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both on the charge state and the mass-to-charge ratio (m/z) of the ion species.

DETAILED DESCRIPTION OF EMBODIMENTS

[6014] FIG. 1 is a schematic depiction of a mass spectrometer 100 in which the data-
dependent methods of the present invention may be beneficially implemented. It should be
noted that mass spectrometer 100 is presented by way of a non-limiting example, and that the
invention may be practiced in connection with mass spectrometer systems having
architectures and configurations different from those depicted herein. Ions are generated
from a sample to be mass analyzed, such as the eluate from a liquid chromatographic column,
by an ion source 105. lon source 105 is depicted as an electrospray source, but may
alternatively take the form of any other suitable type of continuous or pulsed source. The
ions are transported through intermediate chambers 110 of successively lower pressure and
are subsequently delivered to a mass analyzer 115 located in vacuum chamber 120. Various
ion optical devices, such as electrostatic lenses 125, radio-frequency (RF) multipole ion
guides 130, and jon transfer tube 135, may be disposed in the intermediate and vacuum
chambers 110 and 120 to provide ion focusing and ion-neuiral separation and thereby assist

in the efficient transport of ions through mass spectrometer 100.
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dimensional quadrupole ion trap mass analyzer similar to that used in the
LTQ mass spectrometer available from Thermo Fisher Scientific Inc. (San
Jose, CA). It is noted that ion trap mass analyzers (including the
two-dimensional ion trap depicted and described herein as well a
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functions, will typically be encoded in software or firmware instructions
executed by controller 140. [0017]In aspreferred embodiment, the
instrument operator defines the data-dependent methods by specifying
(via, for example, a command script or a graphical user interface) the

input criteria (as used herein, references to "criteria" are intended to
include an instance where a single criterion is utilized), output action(s),
and the relationship between the input criteria and the output action(s). In
a simple example, the operator may define a data-dependent method in

which MS/MS analysis is automatically performed on the three ion species
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or more processors associated with controller 140. In a first step 210, data
representative of a mass spectrum of analyte ions is acquired by
operation of a mass analyzer, such as by mass-sequentially ejecting ions

from the interior of ion trap mass analyzer 115 to detectors
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rep%lesentatgre example, which WFI)H be discussed in fuﬂhc% (E)etaﬂ in connection \%19}/ P%a q

the operator may define a data-dependent method in which MS/MS analysis is performed on
all ion species exhibiting an intensity above a given threshold, with the dissociation type
being selected based on the m/z and charge state of the ion species of interest (e.g., CAD for
singly-charged ions, ETD for multiply-charged ion species having an m/z below a specified
limit, and ETD with a supplemental CAD excitation for multiply-charged ion species having

an m/z in excess of a specified limit.)

{0018] FIG. 2 is a flowchart of a method for data-dependent selection of dissociation
type, according to a specific implementation of the present invention. As discussed above,
the steps of the method may be implemented as a set of software instructions executed on one
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3. For proteins and other high molecular mass analytes, an ion series
representative of a broad range of charge states is commonly observed.
The charge state of a particular ion species may be derived from the
measured rn/z's of the ion species of interest and the adjac g{ﬁl‘pﬁh%u
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mast {j'ah%%e&%%mmﬁs Radhglans 9@@%@& %‘#QJ&%@%Q pe ﬁemgr@%aaes

arge reduction via proton transfer reactions, and the ch arge state

Seqli%?fb’eﬁiﬂféﬂfﬁ%@é}ﬁ?o@é%%mﬁ’@rtﬁ AT T T FLTE S e FFRNS Mdss
Alspgstasafthachiatge-reducedsonsl {202 14T hefetegeing list khontended

man%a'é'&%” i S el a%s'agy%gfe@gﬁmgé%élam t?wgﬂ,fﬁgqgﬂgssghat

many other tec nlque are’or may become available for determination of
specsioareiey srAtellVRsRe Hae i theasarethie atsrRR AtiorR o thahgesialtes
(m/ARRyHRrRehievadikycomhining e oiinarteolthenfaregaingstechniques:
o, (SR CRRLR SAle delnatan e INIAUES o T SEISiPR. AL 0P e
appropng?e charge StAre’ determination technique will be gui
of ngpn§idedatidhis vizaedpguienes e et i hesinayiest i‘h@%’é‘?@?ﬁﬁﬁ‘éﬁlm data
to r&RREGR:SIaIR IR analvieivRe.thosnashanalzgedype. angeempuiaianal
expensgéj}earm n mlnd thtat mt%ltllple1 %Egtde end&g‘g acqL ISI |on/c¥)c[§ks
masyFRGHE %VB%C et Kb 85 RO Matoy 2 e%utlon peak
in trelathzelyeshont duﬁﬁamw)kmn\fﬁh@gmﬁbéhﬂ@ﬂhﬂﬁﬁ se@ie Qﬁﬁﬁéﬁa’f@ﬁ?ﬁay specify
or select a desired charge state determination technique from a list of
[opBNailable iﬁ@dapima)ewmsi@pp&rfmmip@ctkwedﬁ@dysmrdﬂahdalm frftifther
or sRASGLNRLINE PhRLaS, SPus SRl RN MRGRE Aeriman 2% RAULASLAE

preprocessing operations sed above, i.e., prior to or concurrently
exanyll, SENSONSN |0 ATPIOETEPEER Y SHRsdhe b To (DI G A\ HBRINT, 1Sk TRrm
inteGE1BEQ &Mtﬁmﬁﬁﬂﬁmzﬂtﬁﬂﬁtﬂﬁiﬂglmﬂ&m gfii2)rethadangetifze

other mu g’cs cg'xeeg}é e- m%ﬁu?)noﬂl il tg %%9553 n }H&%%P&IEQ €

ssar he exact value o arge state of the ion
néwééi@s\bﬁhﬁt@r@éﬁﬂ%mqﬁ@@ad it may sufflce, for the purposes of making
the data-dependent decision, to assess whether the ion species of interest
[0 leither singlychxasged dl, theltiphgacharge dhorelafedrionivedyisyiredhiereed

by Aﬁﬁﬁ&e&% Q&@&Shﬂ&%@&lﬂ%h ALHRSWHNIRQRS Af RB%Qh VRIUR for the
ranges, +2-3, +4-6, >+6. This determination can typlcalgngg
St

det%’r‘f&ﬁﬁ’@fb W&Bﬁﬁ&aﬁf?é‘?w%%l%ﬁﬁ%ﬁ&? Si e SRE BomiHATOR
teclalgock el [RORSIH IsWingher noted that certain charge state determination
techniques require

1. If the mass spectrometric resolution is sufficiently high, the separation of the
components of the isotopic cluster m/z peaks for a particular ion species allows
determination of the charge state; thus, the separation in m/z units is 1/n, where n is
the charge state. In certain cases, sufficiently high resolution may be obtained by
performing one or more slow-speed scans (mass spectra) of limited mass range

centered around the m/z value of the ion species of interest.

2. The observation of different cationized species of the same charge number and

derived from the same neutral analyte may allow direct determination of the charge

.



acquisition of only a single mass spectrum, whereas others rely on
acquisition and processing of multiple mass spectra (e.g.,
enhanced-resolution scans or product ion spectra). Given the time
constraint imposed by the duration of chromatographic elutign, i i .
WYEREAIR Hesirable to employ a charge state determination l%)ec Hrﬁ%%‘?’%ﬁé?”
provides acceptable accuracy and reliability while consuming as little time
as passibleciraptic sidiansurerdthat gufficrentrtime is tnedilabiedo domglete
an adequale, timﬁat%ffg AenendentacayislioneyclRsdusing the
eluﬁor‘f’%er%o i 0024]Fo||§€v%g determination Eg?the charge%g%e@zof the
elected jon species, data system 140 uses the determined charge.stat
b e R R D e S
betwesiTahe fpbeaiteanissdnebompuly abtiored sidls drorriaso P antigiar
ilusiraie axampies f-sregifipdielationshipsheiveennputiareriaanthnd
dissociation type. In E#e first example, depicted in the FIG. 3 table (in
whith AHEANEYFRE PdARE 658 Fachnique to be utilized), the selection of
dissociation t)é%eg (CAD, ETD alone, or ETD followed by CAD or P IR) is
haders suTekr GREREIGR disRsisHgRIbeREIgER Tours Bidiomaied by CAD:
ionsnbBRYiIgiaschaige &tdte, ahd darkarlissaciatacbin&T) fottpabdd: e
supplemental, collisional, activation (designated as £ 1D+CAD); ions having
ac 5?5%63% S#Beést\%eg%%é anc?j +6 are%l?éso%iated by ETD alone, and;
lons having a charge sta§e of +7 and above ar d]_jsé':sg)c'attelg %EL )
foll S By B BE TS SR8 L sptas depicted in FIE 4, the input
critenissarecheised, bothloriohar getstate brdednedMorengpreitidallytigsrions
havipg.charassiatesefhsiwsents2nd o theseaieategdissociation type

depends both on the ion's charge state and whether its m/z is less or

[ﬂﬂ%r ater thﬂpe 0? F%%%?gt\@ lHt%ﬁ&E%Od%%ﬁggﬁiw%é%ﬁm%%%&hme in

ended to Illustrate’how the invention may be implemented in a specific
the pisriR secosnishalmrmorBe EsHaliieE R immMyHBsAVERELN®S any

deiRRHistbarelationship betweerthe detenminedoienspeciesfpasametes aag
the selected dissociation type. The input.criteria-di jati
be R R S o e N L il e sace
deteyariiciisosehativeg ddesikleratiorseraraspenTbate ShRetrasithen
recSIRHQRSIIR MAKDS, SHhAlR RS X mPleq SWILRINZDEMIRBNIIWEY the
dissociation t%pes ased soleleytgn the cmérggrdﬁtaéea d@%%%e&?art)mr?zﬁ may ..
detgrapast £ ST SIS SSAPTSES RRGINY SK0& AT CaRdriatd disodiation fypes
(besble ttableddbooraifigltalziasdirenderb asp it exparara édascetisHihg
agr&%’&ﬂfdlﬁ%ﬁ%%mi%ﬂ% (B0 CRAKERISIAIHARNSINA) INVE oRIASHIdNRSIHA,
er

intensity pattern, neutral loss, product ion mass, m/z incl §li]gn an list
e eGSR N SO DA E O BUABIET oA gl *
of @;ﬁ@bt@m&@ﬁm@@rmﬁi plefdvtSiy &@g@@s’amaylbyéch@qﬁuhﬂéd ustn@_that the
nafifersntdissociation.mehods,fel INglancemt 2:6HAIL8 SilppaRtide

~ precursors having an in/z<600 will likely yield product ion spectra
dis RIS PRy BOrPp PRI AT RISTRTAE SHI BEHATCAR FRETE fIIBWEE by
CAD. 100261In should be noted that in certain implementations, one
[00pdissible datagdbersiiettcdatmrhacich ey SRR FErT At eeyetdticn

+2)end-arauisitionofan MSIMS-speakushafiaseleatedda spesias: ihere
such MS/MS spectrum is u Iik(ij to yield mear%ipgf.ul infor.matpq.

necessary to deternuine the exact value of the ciiarge state ¢ he 16n species of interest, but

instead it may suffice, for the purposes of making the data-dependent decision, to assess

whether the ion species of interest is either singly-charged or multiply-charged, or

-8 -



[0027]In step 250, an MS/MS or MS spectrum is acquired for the selected
ion species utilizing the dissociation type chosen in step 240. As is known
in the art, acquisition of the MS/MS spectrum will typically involve refilling
Wf@r}?%gg}gﬁ with an ion_populati_on including_ the selected iq-SRASIAS 193
Isolation of the selected ion species by applying a supplemental AC
waveform that ejects all ions outside of the m/z range of interest, followed
alteptrecdy HARhex it AP6P it dsc cBisks IHcdpadiiss WEHTED Yrpe) D ydpe
rang®iXing the-ion spesies-witmreagemtiinnsnahaprasile, pelasitwtiers ETD).
The mass spectrum of the product ians may b nerated by standard
R oF RaeD SLERIEna) SRRt 3815 g 260, the charge
state determipation, dissociation t}(/é%e selection, and 1\4S/MS spectrum
(0023 quisitioh ‘SIEHEARe FEPBREU S BUEH &P the Larattty Torepletes Wiisn
acqoemplefiompi thigicycie; themethed:returmstodiematQuicriicentificatiomn of
of n%ﬂg}’él i) &9&@%9}%&&@&%&%&&99%%@’ Dile-HRE-IQLEIBMGa). Given the

embodiment has been described with reference to analyte cations (i.e.,

a
meGoaRRb PRI b s AP OB e eplkfGE Eeds)s feapGilidptirable
to efpled-:that-th etmelbechandiappaiaiys dxthedplésentipuentioniseoslly
reli%lj i'!;;r%‘%ﬁ'i?edc&%s%%bgﬁ 1%@@@/ [ e@&!&@%ﬁ?ﬁ"&%@?'ﬂa EQ&%%&%},&%—%Q{Q& Fine is
dissociation types may Iinclude negative electron transfer dissociation
availppEeTip yosrRictt AR PsBrHfIEY s Ay sRrad el AU IS S8 Gt isriam Big te
elutRAipHRd WO 208/025014PCT/US2007/076823 [003011t will be recognized
that the data-dependent methods described herein, whereby input criteria

jpoRgsed at ieastaartialy.an.adeiemminachargsrsirie R ARRIGHde:Select

a dissociation type, may be extended to other data-dependent output |
Y BB B I i B Y I e B (S R R XA PG Rt 1
the gralfjedrdyposi{sushivasthie: LTQ Orbitrepdragsispeictignieteriavalable and
4 illUé?fﬁeTJ}?cﬁ'fo%stﬁE}ﬁe’c%@&ﬁgﬁsﬁﬂﬁrﬁvﬁé}%ﬁmﬁeﬁgtﬁ{@dgﬁﬁﬁ%ﬁ%@.ed

to determine which one of the available analyzers is employed to produce
In the fasspelenm StIdnE adivet YRt B i eiiisd deihivtsate Biher
tecmi@wb&timmgsdmmh selaytibe cataeber thy 8_,@@((3&1:@%151&11@,&35@@ based
folt LG ﬂg}gn]gﬂ‘gﬁﬁ%}'}sr@&?ed%@w{ A5S 4298, )L HRRPIE ST ociated

algori }
by CAD; 1ons having a charge state of +2 are dissociated by ETD followed by supplemental

collisional activation (designated as ETD-+CAD); ions having a charge state of between +3
and +6 are dissociated by ETD alone, and; ions having a charge state of +7 and above are
dissociated by ETD followed by PTR. In the second example, depicted in FIG. 4, the input
criteria are based both on charge state and m/z. More specifically, for ions having charge
states of between +3 and +6, the selected dissociation type depends both on the ion’s charge

state and whether its m/z is less or greater than a specified value.

[0025] The foregoing examples are intended to illustrate how the invention may be
implemented in a specific instance, and should not be construed as limiting the invention to
any particular relationship between the determined 1on species parameter and the selected
dissoctation type. The input criteria-dissociation type relationship employed for a given
experiment will be formulated in view of various operational considerations and experimental

objectives. The relationship may be simple (for example, switching between two dissociation

"9,



[00311It is to be understood that while the invention has been described in
.co.njunction with the detailed description thereof, the foregoing description
is intended to illustrate and not limit the scope of the invention, which is

Idefined by the scope of the appended claims. Other aspect
“Qﬁaoﬁ%za%éations are within the scope of the following clainiﬁge%%@@a%%m

method of analyzing a sample by mass spectrometry, comprising:
typesloausidingedy n1ass speptrune phionside kvediostest dshighifecoelstifjingan
sevs%ﬁpcgf?&%?é &Jg&ﬂ%%ﬁ%@%é@%téﬂé%c%%ﬁg W saupmatically selesting a

ssociation type froma plurality of distinct candidate dissociation types by
paragsteRmirig S ARGE AR & tHi o aRtmETehEpR tras At 4pBiling
intespecifiedsasiteniarthespeciiededteriabeing bésed atiteastpartiafiyadnithe
eteimined charqge state; issociati g,identifieg) [ g
s Bl o QA T e
speciaeiticRs ermeirie ari b ALEIFpTIR AR B Erie TSR Ut FATrRE 41
pept%ﬂ@@ﬁ:’é@rﬁi‘@ﬁ@ﬂﬂ@ﬁ@ it identifiet, ipplspedes o8 spheapethdchof claim
wherein the step of selecting.the, di iati includes acquiring an
Comgkeﬁ]éeﬁtcae% lfle%%?ﬁﬁ%ﬁvﬁﬁa%zhs%?éggt?ﬂ?n%z}%ﬁ Qﬁl% %ﬁ%@&d ion species gtJo
facilitate determination of the charge ,sta]te 4. The method . {ea(pyaone of

[0%fle precettifty HIARRECHASHH fTEUHBRILEELinG tHe Bisd

_ Sefecting ssociation type
depéndtudesput action is to refrain from any dissociation (and acquisition of an MS/MS

spectrum) of a selected ion species, where such MS/MS spectrum is unlikely to yield

meaningful information.

16927] In step 250, an MS/MS or MS" spectrum is acquired for the selected ton
species utilizing the dissociation type chosen in step 240. As is known in the art, acquisifion
of the MS/MS spectrum will typically involve refilling analyzer 115 with an ion population
including the selected ion species and isolation of the selected ion species by applying a
supplemental AC waveform that ejects all ions outside of the m/z range of interest, followed
by resonant excitation of the selected ion species (for CAD or PQD), or mixing the ion
species with reagent ions of opposite polarity (for ETD). The mass spectrum of the product

ions may be generated by standard methods of mass-sequential ejection.

[0028] Per step 260, the charge state determination, dissociation type selection, and
MS/MS spectrum acquisition steps are repeated for each of the selected ion species. Upon
completion of this cycle, the method returns to step 210 for identification of a new set of ion

species of interest.

[08292] While the foregoing embodiment has been described with reference to analyte
cations (i.¢., all analyte ions have been assigned positive charge states), it should be noted
that the method and apparatus of the present nvention is equally well-suited to analysis of
analyte anions, wherein the list of candidate dissociation types may include negative electron
transfer dissociation (NETD) and other techniques specially adapted for dissociation of

analyte anions.

-~ 10 -



acquiring a second mass spectrum of the identified ion species utilizing a
non-dissociative charge-reducing reaction to facilitate determination of the
charge state. 5. The method of claim 4, wherein the non- dissociative
e reducmg reaction is an ion-ion reaction. 6. The me 89/8@1@1@5’/&%3
ngzﬁgoﬁ?g%edmg claims, wherein the plurality of candidate dissociation
types includes electron transfer dissociation (ETD). 7. The method of any
[603%0e of th& priidedinggolaihattheein thecplanblitytiofleakelidbed bissaciation
whe%i?fﬁlm?wfi&-& Rusedr R AISSRAIAIR (HQR D indd &%é@@&@%@ A ane of

the preceding claims, wherein the plurality of candidate d|SSOC|at|on types
selof g tieRos eAmSERATP AR GER h S Btk (A6 YRR ATNS Y ¥ any
exaiaple, of e tpieeadingectaimsewhers twthdiplucalitylpicandidatedissbeiation

OrbiY ai%é@&i%%&ﬁ&@ [olewed:hy, Ren-dissgiative. chargereducingpased

tion he method of claim 9, wherein the non-dissociative
““‘éi@a‘?@% DR SRR b AP FE AT O &SR S HIBP AR Pone
pro@fc&‘aeﬁw@@géhm@clﬁim& dwhereifctherpiur ajityief cantidate@isseciationtions

whidiPREs,! gi%%& mﬁﬁ%é{?ﬁ?ﬂ%%ﬂ&é&%&@@&@&@ﬁ%qu?(ﬂydgQ@axﬁa@eanalyzer

prec ng cl aims erein the plurality of candidate dissociation types
maseREded's g cEeRseRt BRdSRation.

{0031} It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended to
iltustrate and not limit the scope of the invention, which is defined by the scope of the

appended claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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13. A mass spectrometer, comprising: an ion source for generating ions
from a sample; a mass analyzer operable to acq e a mass spectrum of the
ions; a controller, coupled to the mass analyzer, configured to perform
steps of: identifying an ion species of interest from the mass spectrum;
and automatically selecting a dissociation type from a plurality of
Claimslistinct candidate dissociation types by determining a charge state of the
identified ion species and applying specified criteria, the specified criteria

L béﬁ@eg%b%lf %&@P&&rﬁml&&ﬂ@%@%ﬁrm%ﬁfa@&%ﬁéﬂmd at
8 one di %8;9' xgﬁ\’d??or%oa‘&‘i%gé%mﬁt%% troller, operable to

dis oma’f’et e |de fified 1on species using the s cted dissociation type.

Ide T imoss ishegtamelenotcaimob3iiwhesein tbenpia;specified criteria
are based partially on the experimentally-determined mass-to-charge ratio

ofutesnidnlifient ionispeclesoctB oT hepmass spplcid ietd ot oigirnndidate
vam@mt%%&ggegﬂb adlissasial ka:l')éﬂgei BelidesReafingan @nhaReatnd
;%‘?{% Qi ?ﬁg{?é% i iﬁél%ryamt [ %t;‘gé‘& the idenulied; o 3ReCISS IO faGIRAIR, on the
determmed charge state; and

dissociating the identified ion species using the selected dissociation type.

2. The method of claim 1, wherein the specified criteria are based partially on an

experimentally-determined mass-to-charge ratio of the identified ion species.

3. The method of claim 2, wherein the step of selecting the dissociation type includes
acquiring an enhanced resolution mass spectrum around the identified ion species to facilitate

determination of the charge state.

4, The method of any one of the preceding claims, wherein the step of selecting the

dissociation type includes:

acquiring a second mass spectrum of the identified ion species utilizing a non-

dissociative charge-reducing reaction to facilitate determination of the charge state.

5. The method of claim 4, wherein the non-dissociative charge-reducing reaction is an

1on-ion reaction.

6. The method of any one of the preceding claims, wherein the plurality of candidate

dissociation types includes electron transfer dissoetation (ETD).

7. The method of any one of the preceding claims, wherein the plurality of candidate

dissociation types includes pulsed-q dissociation (PQD).



16. The mass spectrometer of any one of claims 13-15, wherein the
plurality of candidate dissociation types includes electron transfer
dissociation (ETD). 17. The mass spectrometer of any one of claims
-16, wherein the plurality of candidate dissociation types jpcjlids :

Pé’éﬂd?a dissociation (PQD). 18. The mass spectromgt)er of any OE[(;\WC%7 o

claims 13-17, wherein the plurality of candidate dissociation types
8. Tirchedes! phetwdissoiationcedios Thenm adsrspebarolwatiy of wngidie of
dissdRHDS dd Bewharainitheplyralitaof eansigate dissogiation types

includes ETD followed by non-dissociative charge reducing reaction. 20.

9. T%h%e%gﬁ%F R C&%r&e&t[%rp%c@@%é) &an% ,ql@xi%nltﬁé%gurmh? 'Eﬁ"&ﬂ%@lﬁ‘y rality

~of candidate dissociation types includes surface-induced dissociation
dissqespinn resTRd-Aiads SRl Sr BT AP IHG bF MERIS L5150 R ein
the plurality of candidate dissociation types includes collisionally activated
10. Aissocibeibel (GADY. VERreThmassispeaiomdiespfulyishestieminig on-
ion reaskan. Wherein the mass analyzer and at least one dissociation device are
combined into an integral device. 23. The mass spectrometer of claim 22,
1. me‘%%kﬂéﬁlsf' gralgdavcelaghdesiaiadimansianation fap aass
analyzer. 24. The mass spectrometer of claim 22, wherein the integral

dissqpafien RauHEw et mhoiRdiinsiishal ion trap mass analyzer.

13

12. The method of any one of the preceding claims, wherein the plurality of candidate

dissociation types inclades surface-induced dissociation.
13. A mass spectrometer, comprising:
an ion source for generating ions from a sample;
a mass analyzer operable to acquire a mass spectrum of the ions;
a controller, coupled to the mass analyzer, configured to perform steps oft
identifying an ion species of interest from the mass spectrum; and

automatically selecting a dissociation type from a plurality of distinct
candidate dissociation types by determining a charge state of the identified ion species
and applying specified criteria, the specified criteria being based at least partially on

the determined charge state; and

at least one dissociation device, coupled to the controller, operable to dissociate the

identified ion species using the selected dissociation type.

14. The mass spectrometer of claim 13, wherein the pre-specified criteria are based partially

on the experimentally-determined mass-to-charge ratio of the identified ion species.
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15. The mass spectrometer of claim 14, wherein selecting the dissociation type includes

acquiring an enhanced resolution mass spectrum around the identified ion species fo facilitate

determination of the charge state.

16. The mass spectrometer of any one of claims 13-15, wherein the plurality of candidate

dissociation types includes electron transfer dissociation (ETD).

17. The mass spectrometer of any one of claims 13-16, wherein the plurality of candidate

dissociation types includes pulsed-q dissociation (PQD).

18. The mass spectrometer of any one of claims 13-17, wherein the plurality of candidate

dissociation types includes photodissociation.

19. The mass spectrometer of any one of ¢laims 13-18, wherein the plurality of candidate

dissociation types includes ETD followed by non-dissociative charge reducing reaction.

20. The mass spectrometer of any one of claims 13-19, wherein the plurality of candidate

dissociation types includes surface-induced dissociation (SID).

21. The mass spectrometer of any one of claims 13-20, wherein the plurality of candidate

dissociation types includes collisionally activated dissociation (CAD).

22. The mass spectrometer of any one of claims 13-21, wherein the mass analyzer and at

least one dissociation device are combined into an integral device.

23. The mass spectrometer of claim 22, wherein the integral device includes a two-

dimensional fon trap mass analyzer.

24. The mass spectrometer of claim 22, wherein the integral device includes a three-

dimensional ion trap mass analyzer.
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