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Abstract

Thirty years after its invention, the Fourier transform ion cyclotron resonance (FTICR) mass spectrometer continues its evolution into an
enabling technology to deepen our understanding of biological systems. For contemporary protein analysis, a quadrupole FTICR hybrid with
electrospray ionization is forwarded here as an engine for high resolution tandem mass spectrometry in a high-throughput setting. Three
basic strategies for MS/MS of ions >10 kDa are illustrated by identification and characterization of proteins from stationary-phase yeast cells.
From samples containing 1-13 proteins, introduced by a nanospray robot, 2—6 can be isolated automatically and fragmented in 15-45 min.
Features used commonly for peptide analyses (e.g., multidimensional separations, data dependent acquisition, and probability-based proteir
identification) are now available in an off-line top-down platform. In one set of 9 samples, 20 proteins (6—17 kDa) were processed through
the platform yielding a mea®s.o. = 0.002 (99.8% identification confidence) upon database retrieval with characterization of N-terminal
post-translational modifications. On occasion of his 60th birthday, we offer this work in celebration of the steadily advancing technology that
Alan Marshall helped to invent (now in over 4@80abs worldwide).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sequence databa$§k6,18-22]to identify the original pro-
teins present. Although reliable for separation of thousands
With the staggering complexity of biological systems, of specieg23], protein identification is limited by dynamic
measurement approaches with high resolution, dynamicrange, high sample consumption, reproducibility, and the
range and throughput are required. Particularly, “functional- ability to separate proteins of extreme acidity, basicity, or
proteomics” methodologies are needed for studying the mass[16,24,25]
evolution of cellular phenotype from the genome through  “Shotgun-proteomics” eliminates the gel separation by
the proteome and complex networks that develop within a digesting whole cell lystates without prior fractionation
cell [1]. One aspect of functional proteomics emphasizes [15,26,27] Several studies combining multi-dimensional
the identification of cellular proteins, in addition to the separations with mass spectrometry have extended the dy-
characterization of their post-translational state (i.e., pro- namic range for protein identificatiof28,29] Conrads,
tein expression ratio2—6], modificationg7,8] and protein et al. created a version of the “shotgun” approach, where
interactions[9-11]). The prevailing methodology for iden-  protein identification is based upon accurate mass analysis
tification and characterization relies upon separation of pro- of proteolytic digests €1 ppm mass error)30,31]. This
tein mixtures (often with 2D gel electrophore$i—14), “accurate mass tag” (AMT) approach was used to obtain
enzymatic digestion, followed by chromatographic frac- 6997 AMTs identifying >61% of the predicted proteins in
tionation and analysis with mass spectrométy-17] The the genome obeinococcus radiodurans [32].
peptide mass and fragmentation data, generated by tandem Even though high-throughput analysis of the proteome is
MS (MS/MS), are used to search the organism’s protein possible with bottom-up-based approaches, validity of pro-
tein identification is often limited by low peptide match re-
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recent study by Peng et gR9] estimated that 13% of all  then lyophilized and resuspended in electrospray solution
yeast proteins identified were false positives before man- (78:20:2= CH3CN:H,O:CH3;COOH). Solvents and other
ual interpretation of the dataset. Of the remaining identified reagents were obtained from Sigma Chemical Co. (St.
proteins, 34% were identified with only one peptide match. Louis, MO, USA).
This lack of sequence coverage leads to incomplete charac- The quadrupole FTICR mass spectrometer (Q-FTMS) is
terization of proteins identified. quite similar to the 9.4 T passively-shielded system main-
A complementary technique to peptide-based proteomics,tained at the NHMFL by Marshall and co-work¢48,51] A
called the “top-down” approach, is based on MS/MS anal- separate report currently submitted will describe the system
ysis of intact protein ions without prior digestigB5—38] in detail [49]. The instrument is controlled by the MIDAS
Fourier transform ion cyclotron resonance mass spectrom-data statio52] which utilizes an embedded tool command
etry (FTICR MS)[39-41]is one of a few techniques ca- language (Tcl) interpreter to facilitate automated control of
pable of top-down protein analysis from mixtures (ionized the instrument hardwai&3]. A library of Tcl modules were
by electrospray, ESI) due to its high resolution (and mass created in-house to control various functions used in automa-
accuracy[42]) in MS/MS mode[43]. This approach is ad-  tion, such as file naming, fragmentation method, isolation
vantageous because all fragment ions generated are formednode (quadrupole and/or SWIHbB4]), spectrum process-
within the instrument itself, via MS/MS, and correlate to the ing (deconvolution[55] or THRASH [56]), and transition
specific protein being analyzed. Additionally, with the intact from sample to samplé&;ig. 1A. The modular design of the
molecular weight information, 100% sequence coverage is library facilitates the rapid generation of different experi-
obtained, improving detection of post-translational process- mental event sequences used in automakan.1Boutlines
ing eventg44]. The ability to identify and characterize in- the platform used for the automatic detection and fragmenta-
tact proteins with ESI/FTMS makes top-down proteomics a tion of intact protein ions. From the modular event sequence
desirable target for technology development as the evolution (Fig. 1A, right) the user defines specific parameters unique
of large molecule MS continues to unfold. to each Tcl moduleKig. 1B, left). This format for automa-
Classical and shotgun-proteomics both utilize multiple tion development releases the responsibility of the user to
separation techniques to enhance dynamic range for MS/MSunderstand the details of the underlying Tcl code/hardware
of peptideg45]. Incorporating this kind of front end method- interface, while creating a dynamic environment for an au-
ology has the same effect for the top-down apprddéh In tomation platform.
the results reported here, most samples created by a relatively For experiments targeting proteins25kDa, accurate
new two-dimensional approach for proteome fractionation protein M, values by direct charge state assignment is
[46] contain 1-13 proteins >10 kDa. Even with the increased achieved by comparison of resolved isotopic envelopes
dynamic range of FTMS at high magnetic field, limitations with theoretical envelopefs6]. This method can be un-
associated with sample complexity, ESI signal suppression,reliable for determination of masses >25kDa. Therefore,
and chemical noise create a significant challenge abovefor ALS—PAGE/RPLC fractions with proteins >25kDa, a
10kDa. We outline here our current progress toward au- deconvolution method, based on charge state determination
tomated acquisition of MS/MS using quadrupole-FTICR from low resolution datg50], is used to determine the
hybrid technologyj47-49] Three different data acquisition averageM, values of the proteins present.
modes are demonstrated, with one run of nine samples Current methodologies used in the top-down platform
yielding 34 distinct species detected, 24 targeted with have general formats which include steps for molecular
MS/MS, and 20 of these unambiguously identified from ion determination, isolation of targeted species, and finally
a custom database of yeast proteins. With this technologyfragmentation. With current capabilities each of these steps
we wish to ameliorate a major limitation of top-down mass may be linked under a fully-automated platform or sepa-
spectrometry which is lack of dedicated data acquisition rated by some manual intervention. OutlinedFig. 2 are
software. three examples of modular event sequences implemented to
date. A fully-automated deconvolution-based metfdy is
used Fig. 2A) to automatically acquire and process the in-
2. Experimental methods tact spectrum (25 scans) into protéh values with known
charge state$s5]. The five most abundant charge states
Protein samples frongaccharomyces cerevisiae (yeast) for an individual protein are SWIFT isolated on-the-fly
were produced by two-dimensional fractionation of cell and subsequently fragmented. In a multiplexing strategy,
lysates using continuous-elution gel electrophoresis with (Fig. 2B) several protein candidates are isolated simultane-
an acid-labile surfactant (ALS, Waters Corporation, Mil- ously using the quadrupole filter and fragmented in parallel.
ford, MA) to facilitate subsequent reversed-phase liquid In this fully-automated script, after the intact spectrum (25
chromatography (RPLC). SDS—-PAGE was used to deter- scans) is acquired MS/MS of intact proteins is done by arbi-
mine molecular weight ranges of the fractions from the trarily fragmenting all protein ions in predefined 20-+6@
first dimension of separation. These ALS-PAGE/RPLC sections (1-5 consecutive sections, 25-50 scans each)
fractions, generated as previously descrilpé6,50] were [49]. With this strategy proteins are identified by iterative
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Fig. 1. (A) Modular Tcl library used for automatic sample processing on a custom quadrupole-FTMS with a nanospray robot and the MIDAS datastation.
The modular format of the library facilitates generation of diverse event sequences (at right). (B) General platform of the highly automated top-dow
platform starting with selection of user-definable properties for the modular experimental sequence.

database searching, starting with the most abundant precurguadrupole and/or SWIFT isolation of precursor ions is used

sor ions. (Fig. 20. In this format the quadrupole mass filter serves
Lastly, a method based on isotopically-resolved peaks, a dual function. First, the intact spectrum is sampled with

automatic processing, filtering, and a combination of enhanced sensitivity by selective accumulation~@&0nvz
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Fig. 2. (A) Deconvolution-directed automation where the intact spectrum is deconvoluted, processed and either Quadrupole or SWIFT usedefiar subsequ
isolation of intact ions prior to fragmentation. (B) In a multiplexing experiment, multiple species are isolated simultaneously for fragniemataitel.

(C) A quadrupole targeting experiment, including sampling of the intact spectrumriiz&@ctions with THRASH-directed detection of intact ions for
fragmentation.
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windows, defined as a “quad-march.” The data generated is
automatically sent to a remote computer (2.8 GHz Pentium

) Theor: 29350.1 Da (avg)
IV, 512 MB DDR RAM) for reduction by a modified ver- U)»L J’Lm
sion of THRASH. Generated lists of pseudo-molecular ions —J—IU u] W : : . WI“JUW'U*‘I““JJMJIWW”W
are combined and filtered (off-line) to obtain protein charge 650 750 850 950 m/z
state distributions in a custom data filter. The filter enables (B) J J“\
I

Exptl: 29349.3 Da (avg)

features such as dynamic exclusion of previously identified
proteins and exclusion of adduct peaks (i.e., phosphate,

sodium, and potassium). The filter also integrates user defin- 60 750 850 950 m/z
able searches of molecular ion spectra to facilitate detection o "o
. e ' ©) bg; YOO Y H0 ysit:"ZO Y0 ysyo
of common post-translational modifications of known mass o 6
y“; 3+
i b3

i ; %
be targeted, new Tcl scripts are automatically generated y“‘qu\
o H,

to isolate precursor ions with the quadrupole mass filter \
and finally fragmented. All masses reported correspond to
monoisotopic values unless otherwise specified. 650 750 850 m/z
Samples were presented to the.insnu.men.t with the Nano-Fig. 3. Implementation of the deconvolution-based method for identifi-
Mate 100 ngnos_pray robot (Advion BioSciences, I_thaca’ cation of a 29.3kDa yeast protein. The method included automatic re-
NY). Ten microliters of each sample was loaded into & gyction of the intact spectrum (A), with on-the-fly SWIFT isolation (B),
96-well plate and covered with an aluminum seal. Larger and fragmentation (C). The contaminating species in (B) is%8 Da
sample loads (15-20)) reliably gave over 1 h of running  phosphate adduct.
time with ~200 nl/min flow rate at 0.2 psi back pressure and
chip voltage of 1500 V. ) )
In most MS/MS experiments infrared multiphoton disso- 3= Resultsand discussion
ciation (IRMPD)[57] or collisional dissociatiorj58,59] in i ]
the accumulation octopole was used. IRMPD is performed 3-1. Decon-directed automation
using a 75W CQ laser (10.um) with a user-determined ) ) i
irradiation period £0.25ms) and power level (37-75W). Automatic decqnvolutlon of the spect_ru_m obtalned from
Collisional dissociation was induced in the front octopole Intact yeast proteins allowed the detectidiig( 3A), isola-
by lowering the axial offset of the octopole (at static pres- 0N (Fig. 3B), and fragmentationHig. 3Q) of a species ob-
sure) to—35V. To optimize fragmentation, a secondary Served in one 25-30kDa ALS-PAGE/RPLC fraction. The
manually-controlled power supply was coupled to the oc- five most abundant charge states for this 29.3 k'Da protein
topole DC offset supplied by MIDAS to allow on-the-fly ~(@nd its phosphate adduct98 Da) were SWIFT isolated
adjustments of the fragmentation power. and fragmented by IRMPD. Ten fragment ions (bidand
Fragment mass values, generated by the THRASH algo-foury) matched theé0s ribosomal protein s4 with <§5 pPpm
rithm, were analyzed fdb, y ions and sequence t460,61] mass accuracy and a probability score ok 80°°. This _
information using custom software for database retrieval Protein was found to lack the N-terminal Met but otherwise
and protein characterization through the ProSight PTM harbors no other PTMs. _T_h_ere is no commercial instrument
website, available attps:/prosightptm.scs.uiuc.edu/ [62] that executes data acquisition in this manner. The future of
The probability scores reported are with 50 ppm fragment th!s appn_)ach lies in processing mixtures of ever-larger pro-
ion tolerance and #1000 Da search window (unless stated (€ins, while those of smalléd; values can be measured with
otherwise) around the candidate protein to accommodate!SOtopPiC resolution even on lowerB-TICR systems.
mass shifts associated with post-translational modifications.
All data was externally calibrated on a bovine ubiquitin 3.2. Multiplexed fragmentation and the
spectrum. For identification of proteolytic products, the informatic challenge
0-60kDa region of the database was searched in 5kDa
windows at 50 ppm fragment mass tolerance to localize pro- The quadrupole enhancement to FTMS applied to one
tein candidates based on number of fragment ion matches ALS—PAGE/RPLC fraction containing 10-15kDa proteins
In all cases presented, only one protein is identified at oneyielded theFig. 4B versusFig. 4A improvement over stan-
time with >99% confidence unless multiple species were dard FTMS. The broadband spectrum revealed three pro-
fragmented in parallel or the identified protein is part of teins in the 860—-870Vz region Fig. 4A) whereas targeted
a gene family with nearly identical sequences. If proteins accumulation yielded nine proteins with~é&x increase in
were identified as products of duplicate non-identical genes S/N using about-45% less sampleFH{g. 4B). Collisional
and the fragmentation data could not discern between thefragmentation of all proteins in the 860-8T{¥r region
two, they were still considered unique identifications only as they exited the quadrupole yielded 75 fragment ions
if each intact protein form was observed. from 1 to 13kDa Fig. 40. Fig. 5 contains a screenshot

shift. After manual inspection of the four to six species to Ygho (/‘4’
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(A) 157111?-9\;9|Da s 15728.8 -9 Da or biologically-relevant, but many such cases have been ob-
I o SITB () served to date with yeast (vide infr)6,50] an organism
¢ 15613.0-9Da | [* notorious for its proteolytic capacity.
1630520 0n ¥ 10 Scans As the data fromFigs. 4 and 5illustrates, >11 of 75

fragment masses must match to obtain 99% confidence
in identification (Pscore = 0.01), when searching-2500
protein forms in the 4000 Da windoy63]. Fig. 5 also
shows four other candidate proteins were returned in the

m/z 650 > spa 120 850 search. The intact mass for two of them corresponds to
(B) 14639.3-303."! 15615.0.9pa Quadrupole species observed |-T=1.g.4B(13835.08Datheoret|cal versus

¥ s17alb Isolated 13835.28Da experimental and 146399Da theoretical
Teed-20 . 3 Scans versus 14639.3-Da experimental), with 10 and I8y frag-

13933.4 -8 Da

miz

860 870

865

ment ions matching, respectively. However, witheore >
0.01 these were not consideredambiguously identified.
Exclusion of fragment masses (and their ammonia and water
losses) related to the already identified 15.6 kDa protein low-

m/z 650 2750 . 890 e ered thePggore Of the 13.8 kDa protein to 0.0008. A similar
(C) ebd ey myj; W oy, @by ®y32 i '
Ju 18 2Ya o w1 5 J—— exclusion of these fragment products from the peak list and
iy o4 . ] 28 {y“ >, ; Wbgy l searching again resulted inPacore= 0.01 for the 14.6 kDa
30

m/z 775
Fig. 4. (A) Broadband ESI/FT mass spectrum (no mass selection) for a
yeast ALS—-PAGE/RPLC fraction (4.1s experiment length, 10 scans). (B)
Selective accumulation (with mass selection) of all ions in the 860/870
region (7.8s experiment length, 3 scans), compare inset from (A) and
(B). (C) Fragment ions identified in the 690—88 region the spectrum
after parallel fragmentation of all species in (B).

protein present. In both cases no fragment ions for the iden-
tified proteins were lost during the filtering event. Improved
confidence in identification may also be achieved by inter-
nal calibration of the spectrum with fragment ions identified
during the “first pass.” Thus, lowering the fragment mass
search tolerance in Prosight PTM fro#b0 to 10 ppm
makes reporte®scoresdrop by ~4 orders of magnitude.

The above data conveys that as the fragmentation spectra
increase in complexity (due to a combination of secondary
fragmentation, water and ammonia loss, as well as fragment-
ing multiple proteins) the probability of spurious matches
also increases. This is compounded by the increased chance
for a false hit when searching the whole database or even

of the Prosight PTM output for a search of the 12—-16 kDa a large portion of it. On the other hand, lowering the toler-
region of the yeast database (50ppm mass tolerance)ance and restricting searches by the knowledge of observed
showing the six most probable candidates for identifica- intact mass values (i.e., top-down) all serve to improve over-
tion. Two proteins were identified with >99% confidence all identification confidence. However, the latter presumes
(Pscore = 0.0002 and 0.01) resulting from 13 to 1dy the database contains the correct protein form (or nearly so).
fragment matches, respectively. Both proteins were ob- As protein PTM complexity increases (e.g., in higher eu-
served with start methionine removed and are products of karyotes), alternative identification techniques such as the
the duplicated0s ribosomal protein s17 genes which dif- sequence tag approach will be needed. Application of ECD
fer by one amino acid on the C-terminal end (Val versus [64] to the quad-enhanced multiplexing approach is one av-
Asn). Neither of the identified proteins were present in enue to explore, with the MS/MS spectral complexity antic-
the quadrupole isolated region targeted for fragmentation ipated to be exceptionally high.

(Fig. 4B), however, both of these values matched molecu-

lar ions in the broadband spectrum outside the quadrupole3.3. THRASH directed automation

window (Fig. 4A, inset) (15713.8@Da theoretical versus

15713.99Da experimental, and 157289Ma theoretical
versus 15728.8-Da experimental). Upon further inspection
of the intact masses within the quad-winddwig. 4B), one

of the dominant species, 15613M@a, is consistent within
20 ppm with the C-terminally truncated version of bsif7
ribosomal proteins (proteolytic loss of either a C-terminal
valine or asparagine). This explains why both proteins
were primarily identified from N-terminal fragment ions,
with the two C-terminaly ions due to random fragment
matches. This type of proteolysis could either be artifactual

Two-dimensional fractionation of yeast lysates followed
by ESI/Q-FTMS of the resulting samples typically yields
1-13 molecular ion masses per fraction, visible after 25
scans (no prior mass selection). However, spectral quality of
samples with low protein concentration is reduced further
by incomplete desolation, chemical noise, and ESI signal
suppression. This is typified by the resultsHig. 6A where
two yeast proteins were discernable from the high level of
background noise in the broadband spectrum. Selective ac-
cumulation of 6a1/z sections enhanced the dynamic range
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Fig. 5. A representation of the Prosight PTM output for the fragmentation data shofig.idC Circled numbers indicate either the intact theoretical
average mass values for the protein candidates (middle column) or there respeglivéfar right column). Pscore < 0.01 indicates >99% confidence in

the identification. Search was performed on the 14;:0Q000 Da region of the yeast database with a 50 ppm fragment mass tolerance on all monoisotopic
fragment mass values. Two uncircled mass values correspond two different protein forms of idéasfidabsomal protein 132.

of the localized areas20-fold (Fig. 6B). Using this proce-  maximize transmission of targeted ions the mass selection

dure across the 900-116%¥z region increased the number window is kept at~30m/zand a SWIFT isolation is used to

of observed charge state distributions from 2 to 13 with ob- remove residual molecular ions that contaminate the spec-

served masses from 11 to 16 kDa. trum. Fig. 6 also contains the isolatiorfrig. 6C and ) and
After filtering, five of the observed intact ions were MS/MS spectraKig. 6E and frfor two of the five proteins

subsequently targeted for fragmentation by IRMPD. To targeted from the “quad-march” specti@ég. 6B). Four of
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Fig. 6. (A) The 900-1106vz region of a broadband ESI/FT mass spectrum for a yeast ALS—PAGE/RPLC fraction (10 scans). (B) Sampling of the same
region in (A) inm/z = 60 sections (10 scans). (C and D) Selective accumulation followed by SWIFT isolation (one scan) of two (of five targeted) proteins
with more than two charge states in (B). (E and F) IRMPD fragmentation data (25 scans) for isolated ions shown in C and D, respectively. Proteins
identified werehypothetical 12.0kDa protein, glyceraldehyde 3-phosphate dehydrogenase 3, acidic ribosomal protein PO.e, and 2-phosphoglycerate
dehydratase with the later three were observed as 16.2, 13.7, and 12.5kDa proteolysis products.

five proteins targeted for fragmentation were identified with served species. This is explained by improved accumulation
an average of nine fragment ions yieldifgores< 0.002. efficiency for the mass selected species per unit time in the
To obtain yet more backbone cleavages, each of the proteinssecond accumulation octopole as well as reduced dephasing
were manually targeted by collisional induced fragmenta- of ion packets in the ICR cell at high ion populatigd®].
tion in the accumulation octopole yielding at least a four Also, the size dependent fractionation leads to mixtures of
amino acid sequence tags for each of the proteins (data noproteins within a~5—7 kDa window. Therefore, with lim-
shown). ited mass ranges at least two charge states for all proteins
For complex mixtures, such as Fig. 6, increased ex-  present are usually detectable within three adjacemyvs0
perimental duration due to sampling the spectrum imgo sections eliminating the need for quad-based sampling of
sections is offset by the >20-fold increase in S/N for the ob- the entire spectral region.
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Table 1

Proteins identified from nine ALS—-PAGE/RPLC yeast fractions

Observed Theoretical Delta M Name b ions y ions Pscore Notes
mass (Da) mass (Da)

6454.5 22540.4 X 60s ribosomal protein 113-a or -b 0 9 x 30(-5) G, PP
8319.4 8319.3 0.1 Cytochrome c oxidase copper chaperone. 7 7 0 0.003 M
11596.5 11596.6 -0.1 12 kDa heat shock protein 28 18 x #0(—38) M, Ac
11612.6 11596.6 16.0 12 kDa heat shock protein 11 6 x 20(—10) M, Ac, Ox
13535.6 13535.7 -0.1 40s ribosomal protein s26-b 12 1 x910(—6) M
13593.6 13593.6 0 40s ribosomal protein s26-a 12 1 x 90(—6) M
13728.5 13727.9 0.6 Ribosomal protein L34.e.A 9 2 0.005 M
13728.5 13729.9 -1.4 Ribosomal protein L34.e.B 8 2 0.005 M
13827.2 13827.0 -0.2 60s ribosomal protein 135 6 4 0.0008 M
14094.9 14094.0 0.9 60s ribosomal protein 126-a 9 27 x 30(—10) M
14094.9 14095.0 -0.1 60s ribosomal protein 126-b 7 28 . 10(-9) M
14631.3 14631.2 0.1 Ribosomal protein L32.e 0 6 0.01 M
15230.4 15230.4 0 Ribosomal protein S24.e 5 14 x 20(-11) M, Ac
15605.9 15605.6 X 40s ribosomal protein s17-a or -b 11 0 0.01 M, C-TT
15704.7 15704.6 -0.1 40s ribosomal protein s17-a 15 0 x710(-7) M
15719.8 15719.6 -0.2 40s ribosomal protein s17-b 15 0 X7 10(-=7) M
16303.9 16304.8 -0.3 Hypothetical protein YILO51c 5 3 0.0002 M, Ac
16579.6 16580.0 -0.4 Ribosomal protein L27a.e 15 0 2 10 (=7) M
17081.2 22765.5 X DNA polymerase epsilon subunit ¢ 7 0 0.003 PP
17822.0 35707.5 X Glyceraldehyde-3-phosphate dehydrogenase 8 1 x 10{-4) M, PP

Identified proteins from highly-automated Q-FTMS/MS analysis of nine ALS—PAGE/RPLC fractions processed with a THRASH-directed methodology. x
or PP: proteolysis product; M: start methoinine loss; Ac: N-terminal acetylation; C-TT: C-terminal truncation; Ox: Oxidation; G: could nattidiéere
duplicate genes; ()Pscore €XpOnent.

3.4. Throughput for current top-down strategies been isolated and fragmented in parallel. Batch file pro-
cessing and more sophisticated data handling is expected to
Nine ALS-PAGE/RPLC fractions in the 10-20kDa make top-down database retrievals as streamlined as those
molecular weight range were processed with the “quad- for bottom-up in the very near future. Manual validation of
march”/THRASH-directed approaclHrif. 2C), with intact Pscores< 0.005 will not be required.
proteins detected in three 6@z Q-FTMS spectra. About
690 individual isotopic clusters were detected yielding 34
charge state distributions (after filtering), 10 of which were 4. Conclusion
believed to be oxidation or phosphate adducts. The re-
maining 24 were targeted with the quadrupole (no SWIFT  Three general strategies are shown for top-down analysis
clean up) using collisional dissociation in the accumulation of proteins in an automated setting. A general format for
octopole for fragmentationTable 1 contains the 20 pro- intact protein detection followed by selective accumulation
teins identified with an average of16 b/y fragment ions  with a quadrupole mass filter and MS/MS is achieved for
matching with all Pscores < 0.003. These were predomi- up to six proteins in 45 min. The quadrupole mass filter is
nantly ribosomal proteins with 18 of 20 detected without also used to sample broadband spectra im&Gsections,
their start met and four of these also N-terminally acety- significantly increasing the dynamic range for both protein
lated. An oxidized form 416 Da) of a 12kDa heat shock detection and MS/MS. Data analysis facilitated by ProSight
protein was observed in one ALS-PAGE/RPLC fraction. PTM requires~5min per protein unless ions are multi-
The modification was localized to a 47 amino acid stretch plexed, in which case data filtering to remove fragment ions
on the backbone (Pro45-Ala91). Three other proteins de-from already identified proteins is required to give >99%
tected were truncated products due to proteolysis reactionsconfidence in identifications. Overall throughput is expected
that can occur during cell lysis or perhaps within the yeast to rise significantly as the sophistication of the automation
cells. platform increases and more of the decision making pro-
With our current method of operation we can typically cess is taken from the user and put under software control.
perform the broadband (10 scans), three quad-march spectr&uture emphasis will be placed on automatic control of ion
(10 scans each), process the data, and fragment six proteinand scan number, as well as the dynamic control of frag-
(25-50 scans depending on initial abundance) in 45 min. mentation conditions for improved MS/MS spectral quality
Identification of the proteins is performed manually, fa- in shorter acquisition times. Also, extension of the sequence
cilitated by ProSight PTM, with general processing times tag approach by incorporation of electron capture dissoci-
of <5min per protein except were multiple proteins have ation (ECD) into the automation platform will ensure both
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protein identification and characterization even in complex
proteomes.
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