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OVERVIEW
• In this application note we describe use of the new 
PSD MXTM technique for the identification of 2D-gel 
isolated proteins
• The incorporation of PSD MX information is clearly 
shown to improve the success rate for protein 
identification
• In this study PSD MX increased the number of 
sample spots from which protein identifications were 
obtained by 57%, compared to peptide mass 
fingerprinting alone
• The overall success rate for protein identification 
across the 96 in-gel digested samples was 83%, using 
both the MS and PSD MX information  

INTRODUCTION
Peptide mass fingerprinting (PMF) is a well-
established technique for the identification of 
proteins from MALDI-TOF-MS data1.  
Despite the wide acceptance and success of this 
technique, PMF under certain circumstances will fail. 
In cases where the protein sequence is poorly 
characterized, if a mixture of proteins with a wide 
dynamic range is present in the sample or if the 
number of tryptic peptides produced by the 
proteolytic digestion is low then PMF may be 
frustrated.
In this study, we evaluate a new approach, parallel 
Post Source Decay (PSD MX), that provides 
complementary structural information to MALDI-TOF-
MS information.  
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In traditional PSD the selection of precursor ions with a 
timed electrostatic ion-gate is required. In the parallel 
PSD approach, the ion gate is not required as fragment 
ions from all of the precursor ions are acquired 
simultaneously. A deconvolution algorithm has been 
developed to match precursor ions with fragment ions.  
This novel approach simplifies the PSD experiment, as 
no decision has to be made on which precursor ions to 
select, reduces sample consumption and increases the 
number of peptides analyzed. The PSD MX experiments 
are performed fully automatically.2

In this application note we have compared the success 
rate for the identification of proteins using PSD MX data 
with that obtained when using PMF alone. The proteins 
analyzed were obtained from an E. coli cell lysate that 
was separated by 2D-gel electrophoresis and 
subsequently subjected to in-gel tryptic digestion.

EXPERIMENTAL
Sample preparation
A 250 µg sample of a lyophilized E. coli protein 
sample (Bio-Rad, Hercules, CA) was separated by 2D-
gel electrophoresis. The proteins were visualized by 
Coomasie staining. The staining solution consisted of 
0.08% Coomasie G250 (Merck, Darmstadt, Germany), 
1.6% ortho-phosphoric acid 85%, 8% ammonium 
sulfate (Merck, Darmstadt, Germany) and 20% 
methanol (Merck, Darmstadt, Germany). Gel spots were 
excised from the gel using a Proteome Works Plus spot-
cutting robot (Bio-Rad, Hercules, CA).  The gel pieces 
were deposited in one 96-well microtiter plate with 1-5 
gel pieces per well.
The gel samples were processed using the Waters 
MassPREP Station liquid handling robot. The control 
software of the MassPREP Station (Digestion 5.7) allows 
de-staining, reduction, alkylation, digestion and 
extraction. The extracted peptide solutions (1 µL) were 
spotted with 1 µL of alpha-cyano-4-hydroxycinnamic 
acid matrix, 3 mg/mL (1/1 v/v MeCN/0.1 % aqueous 
TFA).

Mass Spectrometry
PMF data acquisition and processing
• All MS spectra were acquired on a Waters 
Micromass® MALDI micro MX mass spectrometer.  
Data were acquired in positive ion mode over the 
m/z range of 1000-3000 in reflectron mode 
• The instrument was operated in a fully automated 
manner, using the data to direct the settings. One 
hundred (100) laser shots were summed for each MS 
spectrum
• A digest of alcohol dehydrogenase spotted at a 
concentration of 500 fmol on target was used to 
generate a multi-point external calibration 
• An external lock mass correction was applied to 
every acquisition using a synthetic polyproline 
peptide, P14R (Sigma, St Louis, MO); [MH]+ = 
1533.8582 Da, at a concentration of 250 fmol on 
target  
• Waters ProteinLynx Global SERVER 2.2 was used 
for data processing and database searching 
• MS (PMF) data were smoothed, background 
subtracted and de-isotoped using MaxEntLite.
• Processed data generated were automatically 
submitted to a databank search against a Swiss-Prot 
database (v40). Database searching was performed 
using the Mascot search engine (Matrix Science Ltd, 
London, UK), with results collated and displayed 
using the ProteinLynx Global SERVER v2.2 interface.

PSD MX data acquisition and processing
• PSD MX spectra were acquired on a MALDI micro 
MX mass spectrometer 
• Data were acquired in positive ion mode over the 
m/z range100-3000 in PSD MX mode. The 
instrument was operated in a fully automated manner 
with laser settings and target plate positions 
determined automatically, using the data to direct the 
settings. PSD MX data were calibrated using PSD 
fragments generated from P14R (Sigma, St Louis, 
MO); [MH]+ = 1533.8582 Da, at an amount of 
2 pmol on target. Six PSD segments, at two reflectron 
voltages each were acquired per sample. 



• For each segment, 400 laser shots were summed, 
giving a total of 2400 laser shots per PSD MX 
experiment. An external lock mass correction was 
applied to every acquisition using P14R at a level of 
250 fmol on target.  
• ProteinLynx Global SERVER 2.2 was used for data 
processing and database searching 
• PSD data were smoothed, background subtracted and 
centroided 
• Fragment ions were matched to their precursor ions 
using a deconvolution algorithm, implemented in 
MassLynxTM and ProteinLynx Global SERVER 2.2. 
A peaklist (pkl) was generated for each spot and 
automatically submitted to a databank search, against 
a Swiss-Prot database (v40).

RESULTS
Databank search results
Databank search results obtained from the E. coli 2-D 
gel samples are summarized in Table 1. Two different 
types of databank search were performed on the MS or 
PSD data obtained from each sample well. MS data 
were submitted for a peptide mass fingerprint search 
while PSD data were submitted using the fragment ion 
information. The search results from the fragment ion 
search were formatted as a “protein report”, described 
here as PSD MX. The two different types of score have a 
95% confidence limit, which is governed by the search 
parameters used, the limit for PMF and PSD MX scores 
is a score of 64. To facilitate comparing different types 
of databank search/score a relative score was devised.  
The relative score was obtained by using the following 
equation:

Score relative= Score(indiv. Protein)- Score(95% confidence)

Therefore, the relative score can be calculated by 
subtracting the 95% confident protein identification 
level, (64 for both PMF and PSD MX) from the returned 
databank score for each individual protein. 

In the case of tenuous or ambiguous protein 
identification a negative relative score will be 
produced, while positive relative scores suggest 
statistically significant, or unambiguous protein 
identification.
A closer examination of the resulting data indicates 
that using the traditional PMF approach 53 proteins 
were confidently identified from 96 sample wells (c.f.
Table 1). It was possible to match two proteins to the 
MS data from well F10 using PMF. These search 
results represent successful protein identification from 
54% of the samples. In our experience, this is a 
typical success rate for PMF protein identification.   
In contrast, databank searching of the PSD MX data, 
in combination with the PMF information, resulted in 
confident identification of 81 proteins, equivalent to 
a protein identification success rate of 82% from the 
samples analyzed. Of the 81 proteins identified, 30 
proteins were only unambiguously identified when 
PSD MX data were considered. In addition, two 
proteins were found exclusively by using the PMF 
approach. A summary of the proteins identified by 
the different techniques used is illustrated graphically 
in Figure 1. 

Figure 1: Diagram illustrating the number of proteins 
identified from the E. coli 2-D gel samples by PMF and 
PSD MX data. The total number of samples analyzed 
was 96.



Table 1: Table of the proteins identified by PMF and PSD MX using the MALDI micro MX. 
Green illustrates confident identification by PMF. Red illustrates confident identification from PSD MX.

PMF PSD MX Well Name Description MW 
No of 
peptides 

Rel. 
score 

Rel. score No of 
peptides 
with 
signif’t 
no’s of 
fragment 
ions 

A1 METE_ECO57 Methionine synthase 84538 10 34 34 - 
C1 METE_ECO57 Methionine synthase 84538 7 13 20 1 
D1 EFG_ECOLI Elongation factor G 77401 14 113 146 5 
E1 PNP_ECOLI Polyribonucleotide nucleotidyltransferase 77053 9 -25 30 2 
F1 ILVD_ECOLI Dihydroxy acid dehydratase 65359 7 13 78 1 
H1 KPY1_ECOLI  Pyruvate kinase I 51039 3 -11 11 1 
A2 DPPA_ECOLI Periplasmic dipeptide transport protein 

precursor 
60255 6 -24 18 1 

B2 AHPF_ECOLI Alkyl hydroxide reductase subunit F 56484 9 6 50 1 
C2 LEU1_ECOL57 2-isopropylmalate synthase 57489 4 -7 27 3 
D2 GLTD_ECOLI Glutamate synthase [NADPH] small chain 52478 - - 21 - 
F2 ASSY_ECOLI Argininosuccinate synthase 49735 10 68 103 1 
G2 TIG_ECOLI Trigger factor 48163 13 73 103 4 
H2 GLYA_ECOLI Serine hydroxymethyltransferase 45288 9 -13 -4 1 
A3 GLYA_ECOLI Serine hydroxymethyltransferase 45288 18 -8 45 2 
B3 GLYA_ECOLI Serine hydroxymethyltransferase 45288 7 13 82 3 
C3 DHE4_ECOLI NADP-specific glutamate dehydrogenase 48778 11 45 97 2 
E3 ENO_ECOLI Enolase 45495 7 25 195 5 
F3 EFTU_ECOLI Elongation factor Tu 43155 5 30 59 3 
G3 EFTU_ECOLI Elongation factor Tu 43155 5 55 170 4 
H3 G3P1_ECOLI Glyceraldehyde 3 phosphate dehydrogenase A 35379 2 -11 171 5 
A4 G3P1_ECOLI Glyceraldehyde 3 phosphate dehydrogenase A 35379 3 -8 43 2 
B4 AROG_ECOLI Phospho 2 dehydro 3 deoxyheptonate aldolase  37985 7 65 141 3 
C4 CYSK_ECOLI Cysteine synthase A 34337 5 46 202 3 

TYRA_ECOLI T protein Includes Chorismate mutase 42015 5 10 -8 - D4 
ALF_ECOLI Fructose bisphosphate aldolase class II 38991 - - 8 1 

E4 ALF_ECOLI Fructose bisphosphate aldolase class II 38991 4 11 94 2 
F4 SERC_ECOLI Phosphoserine aminotransferase 39626 8 43 43 - 
G4 DHAS_ECOLI Aspartate semialdehyde dehydrogenase 39992 5 11 77 2 
H4 LIVJ_ECOLI Leu Ile Val binding protein precursor LIV BP 39052 5 4 15 - 
A5 PGKL_ECOLI Phosphoglycerate kinase 41133 7 26 90 3 
B5 MDH_ECOLI Malate dehydrogenase 32317 4 30 99 3 
C5 OMPA_ECOLI Outer membrane protein A precursor 37177 4 25 225 4 
D5 EFTS_ECOLI Elongation factor Ts 30272 1 -27 37 1 
E5 GLNA_ECOLI Glutamine synthetase 51739 6 -4 16 1 
F5 SUCD_ECOLI Succinyl CoA synthetase alpha chain 29627 7 60 164 4 
G5 DAPD_ECOLI THP succinyltransferase 29873 3 -18 61 4 
H5 ZNUA_ECOLI High-affinity zinc uptake system protein znuA 

precursor 
33870 - - 31 1 

A6 RS2_ECOLI 30S ribosomal protein S 26595 5 6 75 3 
B6 SODM_ECOLI Superoxide dismutase Mn 22951 4 27 149 2 
C6 GPMA_ECOLI 2 3 bisphosphoglycerate dependent 

phosphoglycerate mutase 
28407 9 94 95 1 

D6 YODA_ECOLI Metal-binding protein yodA precursor 24860 - - 3 3 
E6 GPMA_ECOLI 2 3 bisphosphoglycerate dependent 

phosphoglycerate mutase 
28407 8 100 116 2 

F6 YODA_ECOLI Metal binding protein yodA precursor 24746 3 -11 54 3 
G6 TRPA_ECO57 Tryptophan synthase alpha chain 28878 10 0 38 2 
H6 KAD_ECOLI Adenylate kinase 23571 6 4 -8 - 
 



Table 1 (Continued): Table of the proteins identified by PMF and PSD MX using the MALDI micro MX. 
Green illustrates confident identification by PMF. Red illustrates confident identification from PSD MX.

PMF PSD MX Well Name Description MW 
No of 
peptides 

Rel. 
score 

Rel. 
score 

No of 
peptides with 
signif’t no’s 
of fragment 
ions 

A7 ARTJ_ECOLI Arginine-binding periplasmic protein 2 
precursor 

26927 - - 53 3 

B7 HISJ_ECOLI Histidine-binding periplasmic protein precursor 28580 8 21 66 1 
C7 FLIY_ECOLI Cystine binding periplasmic protein precursor 29021 5 -5 97 2 
D7 AHPC_ECOLI Alkyl hydroperoxide reductase subunit C 20617 9 69 88 4 
E7 IPYR_ECOLI Inorganic pyrophosphatase 19560 4 6 56 2 
F7 TERE_SERMA Tellurium resistance protein terE 20435 - - 65 3 
G7 PTGA_ECOLI PTS system glucose specific IIA component 18108 2 -11 19 1 
H7 TPX_ECOLI Thiol peroxidase 17864 - - 21 2 
A8 PPIB_ECOLI Peptidyl-prolyl cis-trans isomerase B 18256 - - -3 1 
C8 CH10_ECOLI 10 kDa chaperonin 10380 3 -5 37 2 
E8 OSMC_ECOLI Osmotically inducible protein C 15062 - - 29 1 
F8 RL9_ECOLI 50S ribosomal protein L 15759 3 18 99 2 
G8 GCH1_ECOLI GTP cyclohydrolase I 24798 8 9 25 3 
H8 GLNH_ECOLI Glutamine binding periplasmic protein 

precursor 
27173 5 -9 44 2 

A9 GLTI_ECOLI Glutamate/aspartate periplasmic binding 
protein precursor 

33513 12 14 14 - 

B9 RS2_ECOLI 30S ribosomal protein S 26595 5 -14 -13 - 
C9 SUCD_ECOLI Succinyl-CoA synthetase alpha chain 29913 - - 12 2 
E9 CARA_ECOLI Carbamoyl-phosphate synthase small chain 41633 10 13 59 3 
F9 G3P1_ECOLI Glyceraldehyde 3 phosphate dehydrogenase A 35379 4 12 50 4 
G9 DAPA_ECOLI Dihydrodipicolinate synthase 31535 - - 96 3 
H9 OMPT_ECO57 Protease VII precursor 35571 13 -8 46 - 
A10 TRXB_ECOLI Thioredoxin reductase 34470 8 38 68 2 
B10 TALB_ECOLI Transaldolase B 35066 5 13 79 1 
C10 ATPA_ECOLI ATP synthase alpha chain 55187 6 13 70 2 
D10 IMDH_ECOLI Inosine-5'-monophosphate dehydrogenase 52275 11 93 109 3 
E10 EFTU_ECOLI Elongation factor Tu 43155 9 -2 39 - 

PEPB_ECO57 Peptidase B 46227 14 31 3 - F10 
EFTU_ECOLI Elongation factor Tu 43155 10 11 15 1 

G10 TRPB_ECO57 Tryptophan synthase beta chain 42838 11 57 57 - 
H10 POTF_ECOLI Putrescine-binding periplasmic protein 

precursor 
40928 - - 6 2 

A11 K6P1_ECOLI 6 phosphofructokinase isozyme I 34819 6 -19 - - 
B11 YNCE_ECO57 Hypothetical protein yncE precursor 38644 6 36 180 3 
C11 METF_ECOLI 5 10 methylenetetrahydrofolate reductase 33081 4 7 28 1 
D11 RHO_ECOLI Transcription termination factor rho 47032 9 31 90 2 
E11 ATOS_ECOLI Sensor protein atoS 67747 5 -19 -17 - 
F11 YFBU_ECOLI Protein yfbU 19638 7 22 34 - 
B12 UPP_ECOLI Uracil phosphoribosyltransferase 22518 3 -10 48 1 
D12 UDP_ECOLI Uridine phosphorylase 27182 5 2 19 - 
E12 CH60_ECOLI 60 kDa chaperonin 57161 14 104 224 5 
F12 RS1_ECOLI 30S ribosomal protein S 61120 7 51 73 - 

RS1_ECOLI 30S ribosomal protein S 61120 8 38 152 4 G12 
DNAK_ECOLI Chaperone protein dnaK (Heat shock protein 

70) 
68998 - - 42 - 

H12 ATPB_ECOLI ATP synthase beta chain 50220 10 59 113 2 
*No results were obtained from B1, G1, E2, D3, B8, D8, D9, G11, A12 and C12. 



A typical example of PSD MX analysis resulting in successful protein identification
PMF analyses may fail due to an insufficient number of tryptic peptides produced by the enzymatic process or 
due to the poor ionization of peptides in the mass spectrometer or a combination of these two factors. An 
example of this phenomenon is the mass spectrum shown in Figure 2, where only four intense peaks can be 
observed. Subsequent database searching of this information did not result in the unambiguous identification 
of a protein. However, a PSD MX experiment provided additional fragment ion information and, using this 
information in a databank search, it was possible to unambiguously identify the protein as Metal-binding 
protein YodA from E. coli. This identification was based on PSD fragment ion data from three peptides. The 
search result is shown in Figure 3.

Figure 2: The MALDI MS data obtained from MALDI target position F6. Databank searching of this 
information, via PMF, did not result in identification of a protein sequence.

Figure 3: Result from the databank search of PSD MX data from MALDI target position F6. Shown inset are 
two matching PSD MX spectra annotated with the amino acid sequence from the databank.



CONCLUSIONS
• Peptide mass fingerprinting resulted in identification of 
54% of the wells from 96 2D-gel separated E. coli
samples 
• PSD MX analysis of the same samples increased the hit 
rate from 54% to 83%, resulting in the identification of 
83 proteins in total
• Three of the 2D gel spots analyzed were found to 
contain a mixture of two proteins; PSD MX was required 
to identify two of these mixtures
• PMF and PSD MX were shown to be complementary 
techniques, which can be performed on the same mass 
spectrometer, MALDI micro MX.
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