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I N T R O D U C T I O N

Matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI)(1) is now widely used in the field of proteomics.
Key requirements in this area are: high sensitivity, high resolution and
mass accuracy and rapid analysis for high throughput.  Both precursor
and product ion (in the form of PSD) data can be used for the positive
identification of proteins.  Until now, with conventional reflectron
designs(2), the acquisition of post-source decay spectra (PSD) has been
quite time consuming requiring multiple analyses at varied reflectron
voltages and stitching together of the resulting spectra.  The
incorporation of the curved-field reflectron(3) into MALDI TOF
instruments significantly increased the speed and sensitivity of the PSD
analysis by enabling the acquisition of a fully focused PSD spectrum in
a single analysis: seamless PSD (sPSD).  All the advantages of the
curved-field reflectron have now been integrated into a high
resolution/high sensitivity MALDI TOF instrument(4), the AXIMA-CFR.

Proteomics provides a powerful tool for exploring protein levels at the
whole cell level.  It can be used to determine the response of bacteria
to their environment and as such, provides a fingerprint of the status of
the cell at a given point in time.  This strategy can be used to examine
membrane preparations of bacteria for the presence of surface
proteins and transport proteins.  The AXIMA-CFR was used to analyze
a membrane fraction of Salmonella typhimurium proteins which had
been resolved by 2D-gel electrophoresis (Figure 1).

M E T H O D

Protein spots were treated by in-gel digestion using trypsin, the
peptides extracted and then desalted prior to MALDI sample
preparation.  The curved-field reflectron MALDI TOF mass
spectrometer (AXIMA_CFR) was used, which comprises: UV nitrogen
laser (337nm), near ultra high vacuum system with novel laser beam
focusing mechanism for increased ion extraction efficiency and
increased sensitivity, an integrated 1 GHz transient recorder, optimized
ion optics for high resolution and accuracy, a high resolution ion gate
for parent ion selection for sPSD analyses, and a microplate-type
target.

R E S U LT S

The performance of the instrument in relation to in-gel digest of 2D gel
separated proteins is illustrated with an example from Salmonella
typhimurium (protein spot 3).  The following observations were made:-

1 A 40 kDa protein (Coomassie Blue stained) digested with trypsin
generated a complex series of signals in the mass range 800 to
3500 Da (Figure 2).  Isotopic resolution was obtained across the
whole mass range at a single pulsed extraction value.  This
enabled the monoisotopic peak from each signal to be used in the
Mascot™ peptide mass fingerprint search engine and resulted in
the primary identity of the protein to be outer membrane protein A
(OMP A) from Salmonella typhimurium (Table 1).

2 Fourteen sPSD spectra were generated for 12 of the signals from a
single loading of the desalted sample to the target.  Selected sPSD
spectra were used to confirm the identity of the protein using the
Mascot™ MS/MS ion search engine.  The results from these
searches (Figures 3-7) indicated the presence of a second protein
in the 2D gel spot - Elongation factor-Tu (EF-Tu).  A review of the
parent mass searches indicated that EF-Tu was also present in the
search results though at a lower score.  A complete analysis of the
parent and sPSD spectra is summarized in Table 2 indicating that
there is strong evidence for the presence of both proteins in the
same 2D gel spot.  Assignment of all the signals from the parent
spectrum to the sequences of the two proteins indicated that 60%
sequence coverage was obtained for OMP A and 30% for EF-Tu.

3 sPSD analysis and database searching of the 1641 Da signal
(Figure 5) corresponded to a peptide, LGYPITDDLDVYTR, found in
a variant of OMP A that was different from the one identified from
the parent mass fingerprint.  The published sequence of this
variant had only one amino acid difference (F114 <-> V114) from
the form identified by the peptide mass fingerprint.  The equivalent
peptide,  LGYPITDDLDFYTR, was also observed in the parent
spectrum, though not subjected to sPSD, which indicated that both
forms of OMP A were present in the 2D gel protein spot.

4 sPSD analysis of the 1617 Da signal was useful in identifying one
of two OMP A peptides of similar mass.  sPSD fragmentation
confirmed that the signal corresponded to OMP A 250-263
(theoretical mass MH+ = 1616.74) and not OMP A 46-59
(theoretical mass MH+ = 1617.79).

5 Further, sPSD analysis of the 1233 Da peak was useful in
identifying one of two OMP A peptides of similar mass.  sPSD
fragmentation confirmed that the signal corresponded to OMP A
326-334 (theoretical mass MH+ = 1233.62) and not EF-Tu
118_128 (theoretical mass MH+ = 1233.64).

6 Even low intensity signals such as 1803 Da generated useful sPSD
data (Figure 6) for the structural confirmation and correct protein
identity.

7 Some signals (e.g. 1438 Da) did not correspond to peptides from
any of the three proteins identified.  These signals may represent
post transitional modifications and will be subject to further
investigation by sPSD.

Figure 1. 2D Gel of the membrane fraction of Salmonella typhimurium
proteins.

Spots identified by MS analysis:

1. OmpD (outer membrane protein D);

2. FliC (phase-I Flagellin);

3. OmpA and EF-Tu (outer membrane protein A precursor and
elongation factor-Tu)
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All the MALDI analyses, for each sample, were performed on a single
0.5 µl aliquot using the dried droplet sample loading technique with
α_cyano-4-hydroxy cinnamic acid matrix saturated in
1:1 acetonitrile/0.1% TFA.

Database searches were performed using the Mascot™ search engine
(Matrix Science).



Figure 2. Parent spectrum indicating signals from Outer Membrane
Protein A and Elongation Factor Tu
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Figure 3. sPSD of 1264.4 Da precursor supporting the identity of
Outer Membrane Protein A

Table 1. Mascot™ database search results

0

10

20

30

40

50

60

70

80

90

100

%Int.

1000 1500 2000 2500 3000 3500

Mass/Charge

16
3

1.
3

49

12
6

4.
3

21

19
6

5.
2

13

16
4

1.
3

34
16

3
3.

2
97

82
4

.8
4

0

26
1

6.
0

92

10
2

7.
2

30

13
8

1.
2

11

23
0

3.
3

11

12
3

4.
2

63

91
5

.2
5

2

16
3

4.
3

88

14
7

1.
2

15

18
0

3.
3

54

19
6

2.
3

07

21
1

7.
3

11

23
2

5.
0

19

22
1

1.
5

08

34
2

3.
9

32

27
1

7.
0

64

28
6

9.
3

17

32
7

2.
1

87
31

8
7.

1
99

35
7

9.
3

46

30
8

6.
2

71

0

2 0

4 0

6 0

8 0

1 00

% Int.

1 61 5 1 62 0 1 62 5 1 63 0 1 63 5 1 64 0 1 64 5

M a ss /C ha rge

0

10

20

30

40

50

60

70

80

90

100

%Int.

0 200 400 600 800 1000 1200 1400 1600

Mass/Charge

X20

16
41

.8
00

16
46

.2
21

53
7.

46
1

76
5.

64
7

88
0.

36
3

15
99

.7
72

76
9.

78
3

13
05

.1
71

95
6.

82
0

54
1.

49
3

14
97

.3
04

17
4.

22
4

65
3.

37
8

43
7.

12
7

15
77

.8
20

10
56

.8
41

86
3.

18
6

33
1.

19
0

11
68

.4
66

14
13

.6
55

12
19

.3
62

11
16

.7
15

73
9.

96
0

80
7.

76
3

27
3.

39
2

59
7.

69
7

Precursor MH+ = 1641

0

10

20

30

40

50

60

70

80

90

100

%Int.

200 400 600 800 1000 1200 1400 1600 1800 2000

Mass/Charge

X5

19
66

.2
00

19
61

.8
36

11
15

.8
28

19
46

.9
82

58
4.

74
9

70
0.

68
8

96
9.

27
3

48
2.

68
6

54
0.

36
9

12
30

.9
63

10
71

.9
65

13
94

.1
57

15
20

.7
45

17
6.

49
9

79
8.

66
8

16
06

.1
25

17
18

.2
84

68
3.

38
4

38
3.

34
0

89
3.

10
1

27
3.

30
5

60
6.

74
1

Precursor MH+ = 1966

0

10

20

30

40

50

60

70

80

90

100

%Int.

200 400 600 800 1000 1200 1400 1600 1800

Mass/Charge

X20

18
03

.8
50

18
18

.2
94

17
85

.3
43

16
82

.8
77

47
2.

88
8

17
39

.8
92

13
28

.9
35

75
2.

51
0

16
42

.5
72

10
51

.7
36

14
00

.3
31

82
4.

31
4

92
2.

69
2

42
8.

45
6

11
16

.5
90

12
03

.6
20

15
01

.1
96

97
9.

02
9

37
1.

19
8

12
63

.2
52

15
83

.4
91

58
9.

16
6

64
4.

18
0

23
6.

62
2

49
0.

90
1

Precursor MH+ = 1803

0

10

20

30

40

50

60

70

80

90

100

%Int.

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Mass/Charge

X5

23
04

.8
27

12
04

.5
97

15
70

.9
30

12
75

.5
00

10
37

.1
50

23
17

89
886

9.
46

6

13
74

.4
06

16
41

.1
86

10
97

.7
66

73
1.

16
5

17
12

.7
97

10
27

.3
53

18
42

.3
02

12
65

.1
67

11
86

.1
85

21
53

.1
81

22
33

.2
53

19
68

.7
03

82
9.

90
8

14
74

.3
19

15
52

.2
02

65
9.

70
9

90
0.

94
4

20
74

.1
94

53
1.

84
8

33
4.

55
0

42
9.

46
1

22
8.

56
1

11
5.

20
1

45
.4

49

Precursor MH+ = 2304

Figure 6. sPSD of 1803.8 Da precursor supporting the identity of
Elongation Factor-Tu

Figure 5. sPSD of 1641.8 Da precursor supporting the identity of
Outer Membrane Protein A variant

Figure 4. sPSD of 2304.8 Da precursor supporting the identity of
Outer Membrane Protein A

Figure 7. sPSD of 1966.2 Da precursor supporting the identity of
Elongation Factor-Tu
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C O N C L U S I O N S

The integration of the curved-field reflectron into a high

performance MALDI TOF mass spectrometer has enabled:

● Very high sensitivity: sPSD analysis : ≤ 50 fmol

● Good sequence coverage for database searching

● High speed analysis: 60 to 90 sec per sPSD analysis

● Typical 8 to 10 seamless PSD spectra can be obtained

from a single 0.5 µl loading of a digested Coomassie Blue

stained protein and 3 to 4 from a silver stained protein

● The data obtained from sPSD provided critical support for

the identification and structural characterization of

proteins from 2D gels which frequently contained more

than one entity
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AXIMA-CFR

OMP A
variant 1

OMP A
variant 2

EF-Tu

Parent spectrum
number of peptides 10 9 8
database position1 1 2 14

1027 B
1233 B
1264 A
1381 B
1438 ? ? ?
1471 A
1617 B
1641 A
1903 A
1965 A
2303 B
2616 B

sPSD2 - parent peak Da

1protein identified with Mascot™ peptide mass fingerprinting search engine
2A = protein identified with Mascot™ MS/MS ion search engine
  B = protein identity confirmed from the theoretical fragment comparison

Table 2. Summary of proteins identified from seamless PSD spectra


