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Introduction

Peptide mass fingerprinting (PMF) has been widely
embraced as a key methodology for protein identi-
fication. With this technique, proteins are digested,
peptides are analyzed by mass spectrometry (MS),
and the peptide masses are searched versus theo-
retical digest fragments from protein and DNA

databases.

The explosion of research in proteomics has
necessitated more rapid, sensitive, accurate anal-
ysis of peptides. Atmospheric pressure-matrix
assisted laser desorption/ionization (AP-MALDI)
time-of-flight (TOF) mass spectrometry addresses
this need because AP-MALDI permits rapid, sensi-
tive analysis and TOF provides mass accuracy that
exceeds that of other commonly used mass analyz-

ers. In particular, the Agilent AP-MALDI source in

combination with the Agilent LC/MSD TOF allows
low femtomole and even attomole-level analyses to
be accomplished in only minutes with low-ppm

mass accuracy.

Because of the large volume of samples that are
typically analyzed with AP-MALDI TOF, it is also
important to have high-throughput software to
take full advantage of the available data. The soft-
ware needs to accomplish the common data pro-
cessing steps in a fast and reliable manner. These
processing steps include extraction of mass data
from the raw data file, PMF searching, and results
summary. This overview describes how the Agilent
Spectrum Mill MS Proteomics Workbench fulfills

this need.
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Experimental

Sample preparation

Tryptic digests of apotransferrin, conalbumin,
myoglobin, and peroxidase were purchased from
Michrom BioResources, Auburn, CA. The digests
(500 pmol) were reconstituted with 500 uL 15%
acetonitrile/85% water with 0.1% formic acid.
The stock solutions (1 pmol/uL) were split into
aliquots (20 uL) and stored at -20°C prior to use.

Digests were analyzed individually and in mixtures.

All samples were diluted with matrix solution,
which consisted of 0.6 mg/mL o-cyano-4-hydroxy-
cinnamic acid (CHCA) in 50% methanol/water
with 0.5% acetic acid. For some samples, a

mass calibrant of 20 fmol/uL of neurotensin

(m/z 1672.9170) was added to the matrix solution.

AP-MALDI analyses

All samples were analyzed with an Agilent LC/MSD
TOF equipped with an AP-MALDI source. The ini-
tial mass axis calibration and tuning were per-
formed with an interchangeable ESI source. With
the AP-MALDI source, the protein digests were
analyzed at the rate of one per minute. Spectra
were recalibrated using m/z values of matrix ions
and the neurotensin internal standard.

Instrument Conditions
Instrument:

lonization mode:
Capillary voltage:
Drying gas:

Scan range:
Transients/scan:
Fragmentor:
Skimmer:
Octopole RF:
Averages (scans):
Total acquisition time:
Laser:

Spectrum Mill Settings

Instrument:

Search:

Database:

Enzyme:

Cys:

Max missed cleavages:
N-terminus:
C-terminus:

Peptide mass tolerance:
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Agilent LC/MSD TOF
with AP-MALDI source
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Results Table 1. Mass errors for tryptic digest of 20 fmol
serotransferrin

Before processing data with the Spectrum Mill MS

proteomics workbench, the mass accuracy of the Theoretical mass Measured mass Delta (ppm)
AP-MALDI TOF was verified by comparison of 888.399251 888.3997 0.51
theoretical and experimental masses for a tryptic 936.500951 936.5020 1.12
digest of 20 fmol serotransferrin. The spectrum 1016.494151 1016.4942 0.05
was recalibrated as described above, using the 1064.595951 1064.5954 052
Analyst‘ QS Softwa‘re for Agilent TOF. The results, 1074540051 10745361 368
shown in Table 1, indicate excellent mass accu-
racy, with a mean error of —-0.98 ppm, and a stan- 1097.505051 1097.5061 0.96
dard deviation of 3 ppm. 1122.578951 1122.5791 0.13
1157.515651 1157.5164 0.65
The Spectrum Mill MS proteomics workbench was 1216.603051 1216.5992 -3.17
then used to convert the raw data files to identi- 1305.679751 1305.6761 ~2.80
fied pro.tems. Tl}e Spectrum Ml}l workbench Qata 1311.653951 13116527 095
processing consisted of extraction of a mass list
file from the raw data file, PMF searching, and 1336.681751 1336.6831 1.01
results summary and review. 1347.599751 1347.6000 0.18
1363.692651 1363.6906 -1.50
Data Extraction 1389.675751 1389.6741 -1.19
Once the raw data files were copied to the 1397.643951 1397.6505 4.69
Spectrum Mill server, the Spectrum Mill data 1448.643451 1448.6555 8.32
extractor was used to mine the mass peaks 1464.776651 1464.7696 —4.81
from the data files. The form for extraction of 1466.643451 1466.6466 215
{&P-MALDI TOF dataz shown in Figure 1, requires 1483 684551 1483.6852 0.44
input of only a few simple parameters. Then the
software extracts the mass peaks in a completely 1511.727151 1611.7267 030
automated fashion. A single mouse click initiates 1594.738351 1594.7338 —2.85
extraction of an entire folder of data files (for 1604.806751 1604.8022 -2.84
example, all data from a MALDI sample plate). 1640.766351 1640.7616 -2.90
For AP-MALDI TOF data, the extractor averages 1645.695151 1645.6938 082
and centroids the sp.ectlfa from the raw data files. 1732901651 1732.8939 447
No further preparation is necessary since the
PMF search de-isotopes, deconvolutes, filters the 1757.860551 1757.8528 —441
spectra by signal-to-noise, and accomplishes the 1768.861251 1768.8590 -1.27
background subtraction. 1940.924251 1940.9154 —4.56
1996.784051 1996.7846 0.27
2017.920951 2017.9153 -2.80
2263.963451 2263.9701 2.94
2275.974651 2275.9687 -2.61
2411.100651 2411.0806 -8.32
Mean —0.98
Standard deviation 3.05
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Agilent Spectrum Mill - Data Extractor PMF search

[Svocrum s [ Soore | ot Searn [ roarer [ oot [ o | The PMF search form, shown in Figure 2,

illustrates typical settings. For the analyses

. | Reset | Ty shown below, extracted mass peaks were
searched against the SwissProt protein data-
¥ Show only MS (PMF) parameters . K .
L R rorm— base. A list of contaminant ions was auto-
-IErminus: . . .
; matically subtracted prior to searching.
C-terminus: IFree Acid :l'

= Mixture scoring was invoked so that both
Cys modified by: | carboxymethylation j

individual hits and mixtures could be scored
and compared using a common set of prob-
Select .. | APMALDI

ability scores. Again, all data files in the
; ;
EELE dpueha Fedens selected folder were processed with a single
MH [500.0 to 40000 pa

mouse click.
Scan time range: IU to |3DD min

[ Agilent MSD TOF ESI data

Figure 1. Data extractor form set up for AP-MALDI TOF data

Agilent Spectrum Mill - PMF Search

Spectrum Mill | PMF Summary | Manual PMF mm M5 Digest | Tool Belt m
S |

I Start Search Save Seftings | Feset | R all prior PMF results ¥ Mixture scoring
Data Directory

select.. | APMALDI

Search Parameters
Database: I SwissProt 'l Cys modified by: I carboxymethylation j

j Possible modific ations:

Species: I All

mi Sin o
MW of protein:from |1000 pate [150000 pa ™ an e

in pk: |3.D |1D.D I ;
Protein pl: from to All Acrylamide Modified Cys

Digest: ITWF’Sin j User Defined 1
User Defined 1:

|Phosphorylation of 5, T and Yj

Search Criteria
Matching Tolerances Spectral Features

Instrument: IMALDI M=D TOF 'l ™ Override instrument defaults
MR DN Soptides) |5— Contaminant Masses
Peptide mass tolerance: +i I1 0 Ippm :I'
Peptide masses are: Imonoisotopic 'l

Data Files

Maximum # missed cleavages: I1

File: |P0rcine Trypsin-Keratin j
Recalibrate Data
" Force data recalibration

Report Details

Mass list files ( ..fit_batch_in/ )
Max reported hits: |5 Detailed hits: |2
*. tmi 1=
*.mic r Report MOVWSE scores - Pfactor: IU-4

Figure 2. PMF search form set up for AP-MALDI TOF data



Rapid Protein Identification Using AP-MALDI TOF
and the Spectrum Mill MS Proteomics Workbench

Results summary

A number of mixtures were summarized using the
default settings on the Spectrum Mill PMF sum-
mary page shown in Figure 3. Typical summary
results are shown in Figures 4 and 5. Figure 4
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shows PMF search results for a mixture of apo-
transferrin and myoglobin. The protein names
(highlighted area 1) indicate that the correct pro-
teins were identified. The mixture score (high-
lighted area 2) is quite good; the large negative

Agilent Spectrum Mill - PMF Summary

m Summary Settings m Tool Belt m

Search result files:

2l

*.3po

=

Summarize Results for Review Review Fields
Save Settings I Feset | Filter hits by score: !‘ " !D.DD‘I ¥ Filename I” Excel export
Sort byz | Score = ¥ Score ¥ Protein Mw
[~ MOWSE score ¥ Protein pl
Data Directory ¥ Mass error ¥ Species
Select I APMALDI [” Recalibration ¥ Accession#
¥ Protein name

Figure 3. PMF summary form

PMF Search Results

Sample 1D {comment): APOINMYO.2MI
Database searched: SwissProt

Full pl range: 151047 entries.

PMF search selects & entries.

Malecularweight search {1000 - 150000 Da) selects 148458 entries.

Combined molecularweight and pl searches select 148458 entries.

Parameters used in Search

Mixture Results (4 Mixtures)

Mixture 1
Score:1.40938e-024
Hit List Size:2
Mass
- - Error
Mymamic Static # (U) : z z
Rank Probability Probability Masses ":;‘:1" C'::gf;;e run?\:'::)lz;pl Species Acce: S protein Name
Score Score Matched Deu) 1
{ppm)
1 &851e-016 851e-016 17/80{21%) 1.0{4.1) 20% T7783.7/6.79 BOVIN Q29443 | Serotransferrin precursor (Transferrin)
2 333e-008 3.33e-005 T7/30 (8% 0223 43% 16951 6/7.36 HORSE  PO2188 | myoglobin
Reset
45 435
23643 Back
100615 083
Figure 4. PMF search
results for AP-MALDI 3 s 288 405 Sy 1271.661 1454657 G
i : 1606 355
TOF analysis Pf 5_fmo| N b 1347 600 st Ehiink
apotransferrin digest 3
. i
in the presence of 600 300 1000 1200 1400 1500
100 fmol myoglobin s T Lahels
digest, yielding correct
identifications HIt1: ||| HItZ: ||| Murtple: |||




Rapid Protein Identification Using AP-MALDI TOF
and the Spectrum Mill MS Proteomics Workbench

exponent indicates that this result has a very low
probability of chance occurrence. Note that the
mixture score is better than the scores of either
of the individual components; the fact that these
scores can be easily compared provides increased
confidence that the sample is indeed a mixture.
The spectrum (highlighted area 3) shows the
transferrin peaks in red and the myoglobin peaks
in blue, with unmatched peaks in black.

Figure 5 shows PMF search results for a mixture
of four protein digests, three of which were read-
ily identified. The fourth protein, myoglobin, was

Agilent Technologies

likely missed because with MALDI, smaller pro-
teins such as myoglobin generate fewer peptides
for detection.

For rapid results review, the Spectrum Mill work-
bench incorporates both high-level PMF summary
results and more detailed results, with easy
switch between the two. Figure 6 shows more
detailed results for one of the components of the
four-component digest mixture. The top shows the
matched peptides, all with very small mass errors
(see Delta ppm column). The bottom shows the
sequence coverage in red.

Figure 5. PMF

PMF Search Results

search results for

a mixture of four
protein digests
(apotransferrin,
conalbumin, myo-
globin, and peroxi-
dase), 5 fmol each.
Three of the four pro-

Sample 1D {camment): Sfmdmix.2MI
Database searched: SwissProt

Full pl range: 151047 entries.

PMF search selects & entries.

Molecularweight search (1000 - 150000 Da) selects 148458 entries.

Combined molecularweight and pl searches select 148458 entries.

Fararmeters used in Search

Mixture Results (8 Mixtures)

teins were identified

Mixture 1
Score3.91812e-037
Hit List Size3d
Mass
= = Error
Dynamic Static # (%) : . .
Rank Probability Probability —Masses "::&" C'::gf;"e m'::“:)eml species "2 protein Name
Score Score Matched Dev) g (Da)ip
{bpm)
1 1.86e-017 1.86e-017 20M00{20%) 1.2{4.3) 24% TITa3.TE.758 BOVIMN 029443  Serotransferrin precursor (Transferrin) (
2 3.87e-005 3.87e-005 8M00(8%) 0.1 (3.9 18% 38825.3/5.67 ARMRU  PO0433  Peroxidase C14 precursor (EC1.11.1.7)
4 00783 8.98 A100 (5% 34014 4% TAE3IE.19 ANAPL P56410  Crvotransferrin -
Same as
Reset conalbumin
520394
06082
101e4F Back
100.%
1087 506
1106493 1311652 Grow
1466 649
1672009 | Shrink
o
600 200 1000 1200 1400 1600
pl=sinis) Lahels

HIEA: (] HIEZ: [ HIES: ) Murbples |]]
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Detailed Results

1. 200100 matches (20%). BOVIN. Serotransferrin precursor (Transferring {Siderophiling (Beta-1-metal binding alobulind (777537 Daypl=6.75

" Tolerance
suhr:'nrizlted man::lheu [:::::n'rtr?nj c?:ﬁﬂ;gu B"('u'f'ﬂe“ Startgend
630.3570 B30.3575  -08 1 0 43 47
B44.3726  B443731 -08 1 0 127 131
TO05.3674 7053718 -6.2 1 1] B33 688
888 4046  888.3958 a4 1 1 135 142
9365024 9365018 08 1 1 608  B16
1016.4985 1016.4947 3T 1 1 134 142
1064.5981 1064.5965 g5 1 1 608 617
1074.5096 10745002 &7 1 1 471 479
1097.5063 1097.5056 06 1 1 540 548
1157.5197 1157.5162 30 1 1 366 374
1167.5798 11675720 &7 1 1 582 590
1311.6518 13116545 -20 g 0 156 166
1347 6050 13476003 348 1 1 27 37
1389.6650 13896763 -81 1 0 457 468
14486429 14486440 -07 1 0 527 539
1466.6488 14666440 33 1 1 671 682
14836755 14836851 -645 1 0 244 255
1511.7356 15811.7277 &3 1 1 595 BO7
1594.7452 1594.7389 349 1 1 BY0 682
16456994 16456957 23 1 1 489 513
Mean: 1.2
Std dew: 4.3

Peptide Sequence {counted in score) Modifications

{RIENVLR{l}
{K)LMELR{(G)
(RIAMTNLR(Q)
{K)SCHTGLGR(S)
{RIGPNHAVYSR{K)
{(K)KSCHTGLGR(S)
{RIGPNHAVVSRK(D)
{K)KSCHTAVDR(T)
(RIYYGYTGAFR(C)
{(KWWCAIGHOER(T)
{K)KENFEVLCK(D)
{K)ELPDPQESIQR(A)
(RAVCTISTHEANK(C)
{(K)TSDANINWNNLK(D)
{K)GTGKECVPNSNER(Y)
(K)TYDSYLGDDYVR{A)
{RIKNYELLCGDNTR{K)
{R)KPVTDAENCHLAR{G)
(K)KTYDSYLGDDYVR(A)
{(K)FDEFFSAGCAPGSPR{N)

i MPPAVERALLE CAVLGLCLAD PERTVEWCTI STHEANECAS FRENVLEILE SGPFVSCVEE TSHMDCIEAI SHNEADAVTL g0

2l DGCLWYEAGL KPNNLEPYWA EFHGTEDNP(Q THYTAVAVWE EDTDFELNEL RCGEESCHTEL GCRSACWNIPM AELTEELPDP 1e0

161 QESIQEREAALAN FFSASCVPCA DQSSFPELC) LCAGEGTDEC ACSNHEPYFG YSGAFHECLME GAGDVAFVEH STVFDNLIPNP 240

241 EDRENYELLC GDNTBESVDD YQECYLAMWP SHAVVARTWG GEEDVIWELL NHAQEHFGED KPDNFQLFQS PHGEDLLFED 320

321 SADGFLEIPS EMDFELYLGY EYVTALQNLE ESEPPDESED ECMVEWCALG MOEETECDEW SGFSGGAIEC ETAENTEECI 400

401 BKIMEGEADA MSLDGGYLYI AGKCGLVPVL AENYKTEGES CENTPEEGYL AVAVVETSDR NINUNNLEDE KSCHTRVDET 420

481 AGUNIPMGLL TYSEINNCEFD EFFSAGCAPG SPENSSLCAL CIGEEEGTGE ECYPNSHERY YGYTGAFECL VEEGDVAFVE S&0

561 DQIVIQNTDG NNNEAWAENL KKENFEVLCK DGTRKPYTDR ENCHLARGPN HAVVSEEDEAL TCVEKILNEQ ODDFCESVID 640

641 CTENFCLFQS NSEDLLFRDD THCLASIAFEE TYDSYLGDDY WVEAMTNLEQC STSELLEACT FHEP 704

Agilent Technologies

Figure 6. Detailed PMF
search results for

5 fmol apotransferrin
analyzed as part of a
four-component digest
mixture
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Conclusions

The Spectrum Mill workbench enables fast, reli-
able processing for AP-MALDI TOF data. The soft-
ware automates the preparation of multiple data
files for PMF searching, as well as the PMF search
itself. For rapid results review, the software fea-
tures a results summary that provides both
overview and detailed results. The Spectrum Mill
workbench delivers reliable results for fast, high-
throughput protein analysis with AP-MALDI TOF.
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