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Abstract

A comparison between automated peptide mass fingerprinting systems using MALDI-TOF and MALDI FT-ICR MS is presented using 86
overexpressed proteins fronhermotoga maritimaThe high mass measurement accuracy of FT-ICR MS greatly reduces the probability of
an incorrect assignment of a protein in peptide mass fingerprinting by significantly decreasing the score and peptide sequence coverage of
the highest ranked random protein match from the database. This improved mass accuracy led to the identification of all 86 proteins with the
FT-ICR data versus 84 proteins using the TOF data againdt tmaritimadatabase. The beneficial effect of mass accuracy becomes much
more evident with the addition of variable modifications and an increase in the size of the database used in the search. A search of the same
data against th&. maritimadatabase with the addition of a variable modification resulted in 77 identifications using MALDI-TOF and 84
identifications using MALDI FT-ICR MS. When searching the NCBInr database, the FT-ICR based system identified 82 of 86 proteins while
the TOF based system could only identify 73. The MALDI FT-ICR based system has the further advantage of producing fewer unassigned
masses in each peptide mass fingerprint, resulting in greatly reduced sequence coverage and score for the highest ranked random match ar
improving confidence in the correctly assigned top scoring protein. Finally, the use of rms error as a measure for instrumental mass accuracy
is discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction erally, the database entry with the highest correlation “score”
is assigned by the program as the identity of the unknown
Protein identification using mass spectrometry (NIB) protein in the sample. Successful protein identification de-
has become a cornerstone of the burgeoning field of pro- pends on several factors such as the sequence coverage ob-
teomics. The two most popular methods for MS based protein tained for each peptide or protein in the sample, inclusion of
identification are tandem mass spectrometry (MS/NES) one or more variable post-translational modifications in the
primarily used with multidimensional separation of complex search, protein/genomic sequence database size, the choice
peptide mixture$3], and peptide mass fingerprintifdr-8], of proteolytic enzyme, the number of extraneous masses in a
generally used with digests of proteins first separated by two- given spectrunil 3], and the allowed mass deviation between
dimensional gel electrophoredB]. Both of these methods  experimentally-determined masses and those calculated from
use algorithm¢$10-12]that correlate each entry in a protein the database sequences.
or genomic sequence database with mass spectral data. Gen- Peptide mass fingerprinting (PMF), also known as peptide
mapping or peptide mass mapping, is the primary method for
* Corresponding author. Tel.: +1 858 812 1549; fax: +1 858 812 1918, identification of purified proteins, such as those from excised
E-mail addressabrock@gnf.org (A. Brock). 1D or 2D gel bands. Most PMF experiments are performed
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using matrix-assisted laser desorption/ionization (MALDI) under appropriately controlled conditiof84], and thus has
[14] time-of-flight (TOF) mass spectrometry, which is well tremendous potential for applications using PMF as the pri-
suited for PMF because itis easily automated, tolerant of saltsmary method for protein identification.

and detergents, highly sensitive, and demonstrates good res- Given the superior mass accuracy of FT-ICR MS, there
olution (up to 10,000) and mass accuracy (10-20 ppm rms).have been surprisingly few published reports of its use in
Even with such high performance instruments, there are still PMF experiments. The most prominent albeit unconventional
several issues that can dramatically decrease the chance ofiork involves the analysis of highly complex proteolytic di-
successful protein identification. For example, the presencegests of cerebrospinal fluid both with and without chromato-
of multiple proteins in a given sample significantly increases graphic separatiof85—-38] Another study identifies abun-
the number of masses observed in the spectrum and thus indant cryoglobulins in blood after their extraction from two-
creases the likelihood of an incorrect assignment to other dimensional gels using MALDI FT-ICR ME9]. Addition-
proteins in the databaqé5]. Furthermore, digests of low  ally, several studies confirm the advantages of high mass ac-
molecular weight or low abundance proteins typically exhibit curacy for conventional PMF experiments using protein stan-
a limited number of matched peptides resulting in low corre- dardg31,40] However, the true value of such studies remains
lation scores. This is compounded by the fact that, in general,unclear, because they were performed using a single puri-
a significant percentage of the masses observed in PMF experfied known protein and do not describe samples whose mass,
iments cannot be assigned to a peptide from the identified pro-identity, and concentration are unknown before the study was
tein [13,16,17] Unexpected masses can result from natural undertaken. Further, no study has yet been performed that
post-translational modifications, unintentional modifications compares the data from FT-ICR MS to that of TOF MS to
incurred during sample processing such as carbamylation,obtain experimental verification of the advantages of higher
oxidation, deamidation, and nonspecific carbamidomethyla- mass accuracy.

tion [18], nonspecific cleavages by the proteolytic enzyme,  Recently, we described a new MALDI FT-ICR mass spec-
and common protein contaminants such as keratin and pro-trometer for high throughput analysis of complex mixtures
tease autolysis peaks. The exact amount of sequence infor{34]. This instrument achieves low ppm mass accuracy even
mation required for an unambiguous identification is still a for highly complex peptide mixtures by mixing the sample
matter of debate, but a typical standard requires that at leastand internal calibrants in the gas phase rather than on the
five peptides match within 30 ppm tolerance, and the score sample plate. Custom designed software has been created to
for the next most probable match be significantly loylé]. completely automate MS experiments, requiring only 5-10s
These requirements often lead to difficulty in the unambigu- per sample for each step, including spectral acquisition, auto-
ous identification of a sample, requiring further analysis using mated data reduction, and protein identification by database
much more time-consuming LC/MS/MS approaches. searching.

To overcome these limitations, a number of techniques Here we describe the application of this instrument to-
have been developed that utilize chemical modification to wards PMF experiments. Mass spectra for the tryptic digests
obtain sequence or chemical information for individual pep- of 86 Thermotoga maritimaroteins, individually overex-
tides in a fingerprint. This additional information increases pressed and purified for high throughput structural biology
the likelihood for successful identification by enhancing the studies at the Joint Center for Structural Genonjis|,
specificity of the peptide assignments. Examples of such anwere acquired using both an automated MALDI-TOF sys-
approach include incorporation of stable isotopes for the de-tem and our automated MALDI FT-ICR mass spectrometer.
termination of the number of a specific amino acid contained We clearly show that the greatly improved mass accuracy
in a given peptidd20-23] the addition of chemicals that obtainable with our system is highly advantageous for PMF
selectively modify a specific amino acid residue such as hy- experiments, and that MALDI-TOF may not be optimally
drogen peroxide-mediated oxidation of methionine residues suited for PMF experiments in many cases.

[24], and hydrogen/deuterium exchange reactions for the de-

termination of the number of exchangeable hydrogens in

a given peptidd25]. Additionally, derivatization withO- 2. Experimental
methylisoured26—29]or similarly-tailored compound23]

may also improve PMF results by increasing the number of 2.1. Materials
observable peptides.

A logically more straightforward approach to enhance the  Bradykinin, substance P, neurotensin, ACTH frag-
specificity of PMF experiments is to improve the accuracy of ment 1-17, ACTH fragment 18—-39, melittin, oxidized in-
the mass measurements. It is undisputed that accurate massulin B chain, dihydroxybenzoic acid (DHB)-cyano-
measurements are highly advantageous for protein identifi-4-hydroxycinnamic acid (CHCA), dithiothreitol (DTT),
cation using PMH30,31], yet the most accurate technol- iodoacetamide (IAA), trifluoroacetic acid (TFA), acetoni-
ogy available remains underutilized for this purpose. Fourier trile, ammonium bicarbonate, and diammonium citrate were
transform ion cyclotron resonance (FT-ICR) mass spectrom- all purchased from Sigma—Aldrich (St. Louis, MO). Hex-
etry[32,33]can perform highly accurate mass measurementsanes were purchased from Fisher Scientific (Hampton, NH).
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Sequencing grade modified trypsin was purchased from
Promega (Madison, WI).

2.2. Preparation of protein digests for FT-ICR and TOF
MS experiments

Eighty-six T. maritimaproteins were overexpressed and
purified as described previousigl]. Individual 6 His-
tagged isolated proteins were further purified by SDS-PAGE.
Coomassie blue-stained protein bands were manually ex-
cised from the gel and automatically processed using a Wa-
ters MassPREP station (Waters Corp., Beverly, MA) us-
ing manufacturer-specified protocols. Briefly, gel spots were
destained (2 with 50% acetonitrile/50 mM ammonium bi-
carbonate), dehydrated with acetonitrile, reduced with dithio-
threitol, alkylated with iodoacetamide, and digested with
sequencing grade trypsin overnight. The resulting peptides
were extracted with 3QL of 1% formic acid and deposited
into individual wells on a 96-well microtiter format plate.

2.3. Automated analysis of proteins using MALDI-TOF

Two microliters of each peptide mixture was automati-
cally mixed with 1.5.L of a 10 mg/mL solution o&-cyano-
4-hydroxycinnamic acid and spotted directly onto MALDI
target plates. MALDI mass spectra were acquired automati-
cally using a Waters M@LDI-R TOF MS, with ACTH 18-39
as a lock mass reference. Mass spectra were reduced to file
containing peak lists using MassLyH%.

2.4. Automated analysis using MALDI FT-ICR

One microliter of each peptide mixture was manually
loaded onto adjacent positions of a Bruker 384-spot4©0
diameter AnchorPlaf, followed by 300 nL of a matrix so-
lution (16 mg/mL DHB, 0.1 mg/mL diammonium citrate, 1%
trifluoroacetic acid). A calibration mixture containing.y
bradykinin, 5u.g substance P, jbg neurotensin, f.g ACTH
1-17, 8u.g ACTH 18-39, 12.g melittin, and 1319 insulin
B chain and 918 mg DHB was dissolved in 3 mL of 50% ace-
tonitrile:50% water:0.1% TFA, lyophilized using a SpeedVac
(Thermo Savant, Holbrook, NY), crushed with steel beads
for several minutes using a vortex mixer, and resuspended
in 2mL hexanes. Approximately 90 of this slurry was
applied across each side of the MALDI tard@4].

The Tcl/Tk scripting capabilities embedded in XMABS
(Bruker Daltonics, Billerica, MA) were used to create scripts
for on-the-fly database searching using a method that opti-
mizes the protein identification score by changing the number
of laser shots. A flowchart summarizing the method is shown
in Fig. 1 Briefly, a mass spectrum is acquired for a given
sample with a user-set minimum number of laser shots (usu-
ally 1). The spectrum is then automatically reduced to a set of
monoisotopic masses using THRA$42], and the resulting
mass list is automatically submitted for protein identification
to Mascot[11] by a C program called by the Tcl/Tk script.
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‘ Move MALDI stage to first or next sample }«
v

| Set minimum # of laser shots ‘
¥

’—>{ Acquire mass spectrum |
v

o Submit data to Mascot
for protein ID

At minimum # laser shots or
Mascot score improves

‘ Retain “best” spectrum }7

If last sample analyzed
Done!

Fig. 1. Schematic for automated peptide mass fingerprinting using FT-ICR
S.

Increase # of
laser shots

Score decreases or reach
maximum # of shots

Next, the number of laser shots is doubled and the previous
steps are repeated. If the score returned by Mascot is higher
for the second search, the number of laser shots is increased
again. This repeats until either the Mascot score decreases,
generally from the reduction in resolution and mass accuracy
due to excessive space charge in the analyzer cell, or until a
user-defined maximum number of laser shots is reached (set
at 32 for this study), indicating there is little or no protein

in the sample. The MALDI stage is then instructed to move
to the next sample, the number of laser shots is reset to the
minimum value, and the above steps are repeated.

2.5. Protein identification

The peak lists from both instruments were submitted to
Mascot for protein identification. All FT-ICR mass spec-
tra were apodized and zerofilled prior to data reduction.
The masses for each sample from the MALDI-TOF and
MALDI FT-ICR data were searched against botfi.anar-
itima database (1846 protein sequences) and the July 18,
2003 NCBInr database (1,472,604 sequences). All searches
allowed up to two missed tryptic cleavages, and included
fixed carbamidomethyl modification of cysteine and variable
oxidation of methionine. Further searches were performed
with an additional variable carbamyl modification of lysine.

A Mascot search that returns the expected overexpressed pro-
tein as the highest score is determined to be correctly identi-
fied, regardless of whether or not the score is above or below
the 95% confidence threshold returned by Mascot.

3. Results

3.1. Results of search using the T. maritima database

The results of the searches using Thenaritimadatabase
(1846 entries) are summarized ifable 1 Automated
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Table 1
Number of identified proteins for FT-ICR (10 ppm) and TOF (50 ppm) data
Database  Variable modifications Instrument No. correct Averagé\verage no. of Average top random score No. of random peptides
score peptides
T. maritima Oxidation (M) TOF 84 155.5 19.6 35.5 .o
Oxidation (M) FT-ICR 86 148.8 15.8 17.7 e
Oxidation (M) + carbamyl (K) TOF 77 120.9 21.9 375 .40
Oxidation (M) + carbamyl (K) FT-ICR 84 107.3 16.2 16.6 43
NCBInr Oxidation (M) TOF 73 172.0 21.2 64.8 .8
Oxidation (M) FT-ICR 82 154.7 16.3 39.6 B

MALDI FT-ICR MS was able to correctly identify all 86 ~ TOF spectrum contained 40 more unassigned masses than
proteins using 10 ppm peptide tolerance, while automatedthe MALDI FT-ICR data. These additional peaks resulted in
MALDI-TOF MS failed to identify two of the proteins using  the assignment of another protein from the database rather
50 ppm peptide tolerance. An unsuccessful lockmass correc-than the expected protein, which was assigned by Mascot as
tion leading to 200 ppm mass measurement errors was thethe second highest scoring match.

cause of one of the incorrectidentifications, and resubmission

of the data to Mascot with 300 ppm peptide tolerance success-3.2. Results of search using the T. maritima database

fully identified the protein. The other unidentified proteinwas with variable carbamyl modification

the 8.5 kDa conserved hypothetical protein4§B2136). As

seen inFig. 2 both instruments detected the same four pep-  The data was resubmitted to Mascot usingfhearitima

tides from the expected protein. It might be concluded that database allowing for the variable carbamylation of lysine
the greatly improved mass accuraeyl(ppm rms) from the  (seeTable 1), which can occur during proteolysis at elevated
internally-calibrated MALDI FT-ICR MS data versus that of temperatures when using urea as the denat(it&hnt\While

the lockmass-corrected MALDI-TOF data18 ppm rms) is the Mascot scores for all samples decreased despite the fact
the reason for the successful identification using the MALDI that the average sequence coverage of the correctly identified
FT-ICR instrument. However, resubmission of the MALDI proteins increased, the scores of the average highest ranked
FT-ICR data to Mascot using 50 ppm peptide tolerance still random protein matches remained roughly the same. For the
returned the correct protein as the highest scoring hit. Upon MALDI FT-ICR MS data, two proteins were no longer cor-
further review of the data, it was found that the MALDI- rectly identified due to the reduction of their Mascot scores

MALDI-TOF: 65 total masses
61 uninterpreted
ID: serine cycle enzyme

*
* *
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Fig. 2. Comparison of peptide mass fingerprint spectra for same sample using (a) MALDI-TOF and (b) MALDI FT-ICR MS. Peaks marked with “C” indicate
internal calibrants.
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below those of other random protein matches. These pro-higher than those from the FT-ICR MS data, the greatly de-
teins returned scores of 24 and 37 in the origihaharitima creased scores for the HRRM using FT-ICR MS more than
search. With the addition of the variable modification, the compensates and is the primary reason that MALDI FT-ICR
scores for these proteins decreased below those from otheMS identifies more proteins than the MALDI-TOF system.
proteins in the database. For the TOF data, seven additional Table 2shows a more complete set of statistics for the
proteins were no longer correctly identified. These had an searches of both sets of data against the NCBInr database.
average Mascot score of 47 with nine peptides matched in These data give a good indication of the mass accuracy of both
the original T. maritimasearch, but their scores decreased instruments, with the highest number of proteins identified
below those of other proteins in the database when variableusing 10 ppm peptide tolerance for the MALDI FT-ICR MS

carbamylation was selected. data and 50 ppm peptide tolerance for the MALDI-TOF MS
data. Interestingly, most of the proteins are still identified with
3.3. Results of search using the NCBInr database the FT-ICR MS data using only a 1 ppm peptide tolerance due

to the significant proportion of the mass measurements that
Finally, the data for both instruments was submitted to fall within this value (~50%) as well as the substantially
Mascot and searched against the full NCBInr database. Thereduced HRRM scores. As the peptide tolerance increases,
MALDI FT-ICR MS system was able to correctly identify 82 the average HRRM score appears to approach a limit that
of the 86 proteins, while the TOF system was able to identify is roughly equivalent to the Mascot-defined 95% reliability
73. For the FT-ICR MS data, the four unidentified proteins threshold computed to be 74 for the NCBInr database. How-
returned top scores of 24, 31, 37, and 37 inThenaritima ever, as can be seen in the 1 ppm peptide tolerance searches
search, but were obscured by random matches from within of the FT-ICR MS data, the average identified protein returns
the larger database. All of the proteins that were not correctly a score that is significantly less-62) than this value. Nev-
identified using the TOF MS data had scores of 68 or below ertheless, these proteins are easily identified due to the very
in the originalT. maritimasearches. low HRRM scores. Since the true requirement for a posi-
tive identification is simply that the correct protein returns a
higher score than any potential random assignment, this con-
4. Discussion stant reliability threshold employed by Mascot is unrealistic,
especially for data sets with very high mass measurement
4.1. Effect of mass accuracy on highest ranking random  accuracy. There are clearly many factors such as database
match size, mass accuracy, humber of species found in a given mass
spectrum, and inclusion of variable modifications that must
The primary effect of improving mass accuracy in PMF is be considered in order to provide a realistic threshold for the
the greatly decreased score and sequence coverage obtainextceptance of a given protein assignment.
for the highest ranking random match (HRRM), defined here
to be the highest scoring incorrectly assigned protein returned4.2. Unassignable masses
from the database search. As can be seéiabie 1, the av-
erage HRRM score was much larger under all conditions  Asillustrated inFig. 2, the number of unassignable species
for the MALDI-TOF MS data than for the MALDI FT-ICR  in a mass spectrum can also affect the accuracy of pro-
MS data. For thd. maritimadatabase searches, the average tein identification by PMF. While the spectra obtained by
HRRM for the TOF MS data was assigned a score and numberMALDI-TOF MS contained on average 67 masses, those ob-
of matching peptides that were both twice as large as thosetained using MALDI FT-ICR MS contained an average of
found for the FT-ICR MS data. With the addition of the vari- only 40 masses. In the search agaihsharitima this larger
able carbamyl modification, the average number of matching number of masses in the TOF MS data results-thmore
peptides in the HRRM was over 10 for the TOF data, while matching peptides per successfully identified protein corre-
it remained at 3.4 for the FT-ICR MS data. This shows that sponding to 6% greater overall sequence coverage compared
higher mass accuracy measurements are far less affected by & that observed for the FT-ICR MS data. However, 72%
significant increase in database complexity. Furthermore, theof the masses in the TOF MS data cannot be assigned to
number of peptides matched for the highest scoring hit from any peptide sequence that should result from the expected
the FT-ICR MS dataincreased by an average of 0.4 per proteinprotein compared to 62% of the masses for the FT-ICR MS
versus 2.3 forthe TOF MS data, implying that these additional data. Thus, the additional signals observed using TOF MS
peptide assignments from the TOF MS data are likely to be combined with its poorer mass accuracy resulted in random
random rather than true matches. For the NCBInr databaseprotein matches with higher sequence coverages than those
searches, the HRRM averaged only 3.7 assigned peptides andeen using FT-ICR MS.
a score of 39.8 for the FT-ICR MS data versus 8.7 peptides A comparison of average HRRM scores for several pep-
and a score of 64.6 for the TOF MS data. Even though the tide tolerances with both the TOF and FT-ICR MS data is seen
average sequence coverages and Mascot scores of the correttt Table 2 Surprisingly, the average background scores are
proteins returned for the MALDI-TOF MS data were slightly roughly the same for the two instruments, and thus Mascot
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Table 2
Average top score for random matches using FT-ICR and TOF data with NCBInr database
ppm error FT-ICR TOF
No. Average No. of pep- Average No. pep- No. Average No. of Average No. pep-
correct correctID tides/correct HRRM tides’THRRM correct correct ID peptides/correct HRRM score tides/fHRRM
ID score ID score ID score ID
1 72 626 84 21.6+£35 22+04 1 330 6.0 19.0+4.2 2.0£0.5
5 80 1101 124 29.6+7.9 2.7£0.8 25 571 9.8 29.9t6.4 3.0£1.1
10 82 1547 163 39.6+6.0 3.7£1.0 44 943 140 37.6£9.1 3.6+1.2
30 77 1649 174 55.7£ 7.6 6.1+£26 71 1546 194 53.9+8.8 6.7£2.4
50 74 16%4 181 64.8+10.7 8.0+£34 73 1720 212 64.8+9.6 8.6+4.6
100 73 164 15 72.6+9.8 10.2+5.2 65 1864 236 76.3£9.1 14.5+8.2
200 73 13% 186 63.5+£10.3 9.3t49 67 1588 235 68.8+8.7 12.2+5.9

appears to adjust scores of potential identifications down- 25,

wards in response to an increasing number of unassigned . pr—
masses. However, the average number of assigned peptidess = 10 ppm
for the HRRMs and the standard deviation of their scores are & =°
substantially larger for the TOF data. Thus, these additional :'E: .
masses do indeed increase the probability of an unexpected @ 1s- - .
. . . . o * *
protein in the database to be returned as the highest scormg?.::‘L . . . .
potential match. 3 . °t
Rkl 6] ¢ s .
o * @ . * *e * .
P LY T *
4.3. Samples requiring high mass accuracy -é ol vos '...’.'. “E =k .
=3
z E Em G e ame w8 EE -
From the data infables 1 and 2it is clear that higher - e . .
mass accuracy measurements are advantageous for searche o : ; . ; )
20 40 60 80 100

involving variable modifications and large protein databases.
As the mass accuracy decreases, the chance of the HRRM
scoring higher than the expected protein increases signifi-rig. 3. plot of peptide sequence coverage of HRRM vs. number of masses
cantly. This trend is particularly pronounced for proteins un- in spectra using 10 and 50 ppm mass tolerance.
der 20 kDa that may produce too few peptides upon prote-
olysis to enable an unambiguous identification using lower observed in each spectrufig. 3 shows a general trend of
mass accuracy data. In the NCBInr searches, eight proteinsan increasing number of peptides assigned for the HRRM as
that were identified using FT-ICR MS but not by TOF MS the number of masses in a spectrum increases, with this ef-
have molecular weights of less than 20 kDa, with two of these fect being more pronounced at 50 ppm mass accuracy than at
being below 10kDa. These samples returned an average ofl0 ppm. While itis difficult to extrapolate to the hundreds of
six assignable peptides coveringd0% of the protein se-  masses that would be expected from the digestion of multiple
quence upon searching, which is comparable to the coveragedroteins in a single sample, it is clear that an instrument with
observed with larger proteins. However, due to the limited higher mass accuracy is better suited to handle such com-
number of peptides, the 50 ppm mass tolerance used in theplexity. Preliminary results show that our MALDI FT-ICR
searches with the MALDI-TOF data led to an average HRRM instrument can identify up to four proteins per band from a
with almost nine peptides compared to less than four pep-Sample of mouse proteins separated on a 2D gel (data not
tides for the FT-ICR data at 10 ppm. The other proteins not shown), but more work is required to fully understand the
identified by MALDI-TOF MS are larger proteins-30 kDa) maximum number of proteins that can readily be identified
that likely did not digest efficiently under the conditions em- from such samples.
ployed, and therefore yielded low sequence coverage.

Another situation where high mass accuracy measure-4.4. Performance of automated FT-ICR MS system
ments prove to be critical involves samples that contain more
than one protein. Digestion of several proteins simultane-  In order to successfully implement automated PMF on a
ously significantly increases the number of masses in the re-given mass spectrometer, two difficulties must be overcome.
sulting spectrum, leading to an increase in the score of theThe first issue arises from the presence of “sweet spots” rou-
HRRM. In order to determine the effect that an increasing tinely encountered using MALDI MS. For TOF instruments,
number of masses in a spectrum has on the ability to iden-the area irradiated by the laser is generally much smaller than
tify an individual protein, a plot of the number of peptides the sample spot in order to minimize the amount of desorbed
assigned to the HRRM is compared to the number of massescharge. This prevents both saturation of the microchannel

Number of masses in spectrum
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plate detectors and also the loss of resolution and mass acthat are not successfully identified using PMF, also preclud-
curacy due to space charge effects in the ion source regioning the need for ESI-LC/MS/MS. Thus, this system should
Unfortunately, the signals obtained vary greatly across the di- save a substantial amount of time where peptide mass finger-
mensions of the crystallized samp8] and, as aresult, nu-  printing is a vital part of a proteomics platform, such as those
merous regions of the sample must be queried to increase théhat use 2D gel electrophoresis to separate complex protein
probability that a location yielding strong signal is analyzed. mixtures.

The second challenge involves accounting for the potentially

large range of sample concentrations. Current automated sys-

tems are designed to either change the number of laser shot§-2- Anote about root-mean-squared (rms) ppm mass

or alter the laser powg44] until a desired total signal level is accuracy

obtained. While these methods obtain a mass spectrum with ) )

an optimal balance of resolution, mass accuracy, and num- The optimal mass tolerances found for both instruments
ber of masses observed, this by no means guarantees that th@'0 ppm for MALDI FT",CR MS :_:md _50 ppm for MALDI- )
highest quality peptide mass finger print is acquired. Rather, TOF MS) seem rather high considering the mass accuracies
itis more likely that a mass spectrum with either more or less generally attributed to FT-ICR MS{1-2 ppm rms) and TOF
signal could result in a higher score from a database query'vIS (~10-20 ppm rms). However, most reports convey the

due to either an increase in sequence coverage or a reductiomaSS accuracy of their instruments as rms ppm error rather
of the number of unassigned masses respectively. than absolute mass tolerance. For the FT-ICR MS data pre-

The described automated PMF system employs novel sented here, the average rms ppm error was 1.7 using 10 ppm

methods to address these challenges. We have already shov\/('?}‘aSS Lolerance in the database search, while for the TOF MS
that the sweet spot issue can be mitigated by a combination ‘T‘a the avehragef rms Epm error was 17 ppm usmg EO ppm
of high laser power, a large area of illumination, and the use to erance. T ierefore, the mass accuracies reporte 1 here are
of hydrophobic/hydrophilic surface patterned pld@4. In consistent with the mass accuracies often reported in the lit-

addition, this system also automatically adjusts the numbereratur:' However, a drc;]p |2angsdetoIerlaréce 'rr‘] thle dat?base
of laser shots to account for potential variations in sample search to 5 ppm using the FT- ata led to the loss of two

concentration. However, unlike other automated PMF sys- correct protein identifications, a drop in the average assigned

tems, the actual Mascot score generated from the acquiredc°® 0f~10, and a decrease in the average number of as-

data is used to gauge the quality of the spectrum rather thanSigned peptides from 16.3 to 12.4 peptides. Since these data

. . . h . . ~ 0, -
signal intensity. This effectively balances protein sequence ShoW that~25% of all data returned mass measurement er

coverage, the number of unassigned masses, and mass acclP's between 5 aqd 10 ppm, the distribution of mass errors is
racy, resulting in the best possible peptide mass finger prim_clearly not Gaussian. Furthermore, when the mass tolerance

rather than simply the “best looking” mass spectrum. This in the database search using the TOF MS data was decreased
method also successfully accounts for the widely differing to 30 ppm, two correct protein identifications were lost, the

concentrations of th&. maritimasamples, as the number of average score of correctly identified proteins dropped 18, and

laser shots required to return the optimal Mascot scores for thet 1€ @verage number of assigned peptides for the top scoring
hit dropped from 21.2 to 19.4. Thus,10% of all mass mea-

samples spanned the full range (1-32) allowed for this exper- b g indicati .
iment. There were more spectra that maximized at one lasersurement errors z:tjr_e _ebtvv_een 3(.) ﬁn SIS pprln,dln |c?t|Eg again
shot (27 of 86 total) than at any other number, indicating that a hon-Gaussian distribution. Without knowledge of the frue

these samples were highly concentrated. A decrease in |asegistribution of mass errors on an instrument, it is difficult to
power and a corresponding increase in the maximum num- determine the optimal absolute mass tolerance that should be

ber of laser shots could even further improve the results from EMPloyed for database searches. Thus, rms ppm mass mea-

these samples, although they already yielded sufficiently high SUrément accuracy does not truly indicate the mass accuracy

Mascot scores for unambiguous identification. that can b_e confldently_used to qlescrlbe an instrument’s per-
Data acquisition times ranged from 30 s to 2 min per sam- formance in a proteomics experiment.

ple for this system, depending on the database used as well

as the number of method iterations performed. The database

searches required the majority of this time, especially for 5. Conclusions

larger databases. Although the throughput of this MALDI

FT-ICR MS based System may appear to be a little lower It is clear that the better mass accuracy of MALDI FT-

than that claimed for other automated PMF systems, in real-ICR MS provides substantially higher confidence in protein

ity, this system substantially improves the performance of a identifications by PMF. While FT-ICR MS has not yet gained

complete proteomics platform. Each additional protein that Widespread use in PMF, the mass accuracy and dynamic range

this system identifies saves roughly 1 h due to the elimina- Of thisinstrument are well suited for this technique. This work

tion of the extra ESI-LC/MS/MS analysis of the unidentified Shows that it is possible to create an automated system based

samples. Further, the intrinsic MS/MS capabilities of FT-ICR ©on FT-ICR MS and demonstrates the promise of FT-ICR MS

MS, although not used here, could be used to identify proteins for the routine analysis of samples extracted from gels.
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