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Overview
Purpose: To demonstrate the MALDI Duo source performance 

attached to an LTQ Orbitrap XL™ system

Methods: Reliability of mass calibration, Full scan and MS/MS  
performance, Peptide Mass Fingerprinting with  
accurate mass. 

Results: The MALDI Duo source coupled to the LTQ Orbitrap hybrid MS  
provides reliable high resolution, accurate mass spectral data.

Introduction
Matrix-assisted laser desorption/ionization (MALDI) is a soft ionization technique used in mass 
spectrometry, allowing the analysis of biomolecules such as proteins, peptides, oligonucleotides and 
oligosaccharides, which tend to be fragile and fragment when ionized by other ionization methods. It 
is most similar in character to electrospray ionization both in relative softness and with the ions 
produced (although MALDI causes much fewer multiply charged ions).
The ionization is triggered by a pulsed laser beam (normally a nitrogen laser of few nanoseconds 
pulse duration). A matrix, which is a small organic molecule absorbing at the laser wavelength, is 
used to isolate the analyte molecules from each other and to absorb the laser light resonantly. The 
matrix initiates the soft vaporization (“desorption”) and ionization of analyte molecules.
This presentation shows first results of the new MALDI source coupled to a high resolution, accurate 
mass detector; ions produced in a Thermo Scientific MALDI Duo ion source are detected in an LTQ 
Orbitrap XL instrument. This allows the detection of (singly charged) MALDI ions with mass 
resolution up to 100,000 (@ m/z 400) with accurate mass (3 ppm or better).  

Materials & Methods
The MALDI Duo is equipped with a Nitrogen Laser (LTB, Berlin, Germany) which operates at 337.1 
nm wavelength, 3 ns pulse duration and 60 Hz repetition rate. The beam diameter is about 80 ×
100 μm on the sample plate.
MALDI preparations were performed according to the protocol for MS-Cal4 purchased from 
SIGMA™ (in which a variety of different peptides as well as matrix molecules are used for calibration 
of all devices in the hybrid mass spectrometer. All LTQ as well as all Orbitrap devices can be 
calibrated straight forward with MS-Cal4.
Enzymatic digests were purchased from Michrom Bioresources Inc. USA. MALDI preparations 
contained 5 fmol of the enzymatically digested protein on the sample plate. The phosphopeptide 
analyzed is part of the peptide standard from Invitrogen (P33357), Molecular Probes Inc., USA. 
HCCA matrix was used for all experiments shown here.

Conclusions
• MALDI ions analyzed with LTQ Orbitrap technology are detected with 

accurate mass.
• MS/MS data obtained with Higher Energy Collision Dissociation (HCD) are 

accessible and are also detected with accurate mass.
• HCD is able to provide fragment ions over a significantly larger mass range 

than CID (in the LTQ).
• Low sample amounts - 1 fmol Angiotensin - loaded onto the plate are 

detected with signal to noise ratios > 10 : 1.
• Phosphopeptide analysis can be performed using an HCD scan triggered by 

an accurately detected neutral loss by CID.
• PMF printing is easily accessible on a low femtomole load on target. 

Results
Results …

FIGURE 6. PMF, Peptide Mass Fingerprinting for a 5 fmol load of an 
enzyzmatic digest of Bovine Serum Albumin, HCCA matrix.
5 scans, 20 laser shots each. Insets from full scan of some 
proteolytic peptides are shown.  Monoisotopic MH+ masses are 
submitted to Mascot for protein ID. Protein is unambiguously 
identified as Bovine Serum Albumin. C@ is the 
carboxymethylated Cysteine.

FIGURE 1. Instrument schematics of the MALDI DUO LTQ Orbitrap XL 
system (for a better view, the ion source is enlarged relative to 
the mass spectrometer).  

© 2007 Thermo Fisher Scientific Inc. All rights reserved. SIGMA is a trademark of Sigma-Aldrich Co. and its affiliate 
Sigma-Aldrich Biotechnology.Mascot is a trademark of Matrix Science Ltd. All other trademarks are the property of 
Thermo Fisher Scientific Inc. and its subsidiaries.

FIGURE 2. Accuracy and Precision of Mass Determination 
A: Normal Mass Range m/z 150 – 2000. Check mass calibration  

for a duration of 25 min for a 1 day old mass calibration
B: High Mass Range m/z 350 – 4000. Check mass calibration for a 

duration of 5 min for a 0.5 day old mass calibration

Figure 4: 1 fmol Angiotensin DRVYIHPF MH+ = 1046.541791 u. 
HCCA matrix in full scan mode m/z 800 – 2000.  Insets of the 
molecular ion at m/z 1046 and of the background noise. Signal 
to noise is > 50 : 1. Average of 5 single scans, 5 LS each.

FIGURE 3. MS/MS spectrum on m/z 2845, Melittin from honey bee. 
Higher Energy Collision Dissociation (HCD)

Done via semi automatic check mass calibration
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HCD_2846_B3 #295 RT: 5.97 AV: 1 NL: 5.04E5
T: FTMS + p MALDI Full ms2 2848.00@hcd44.00 [200.00-3000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

398.23917
R=36001

2829.73364
R=13700

738.48645
R=26701 2785.70801

R=13300

483.32819
R=32004

680.39404
R=27301

851.57074
R=23401

1605.96765
R=175011124.67700

R=20701
2743.67993

R=13700
1777.08032

R=16200
1223.77014

R=20001
2531.59644

R=14601
2306.45605

R=145011966.92163
R=15004

- 1.3 ppm

1044 1046 1048 1050 1052 1054
m/z

1046.54213

R=23085

1047.54573

R=23117

1048.55036

R=24402

1fmol_Angiotensin_1_F1_070904113440 #99-103 RT: 0.86-0.90 AV: 5 NL: 7.96E5
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Figure 5. Analysis of a phosphopeptide with the sequence
VPIPGRFDRRVpTVE, in which T is phosphorylated. HCCA matrix.

A: FT-MS full scan plus inset into m/z 1720, single scan
B: FT-MS/MS, CID @ m/z 1720, single scan
C: FT-MS/MS, HCD @ 1720, Av of 5 scans
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5fmolBSA_built3_P1 #18-22 RT: 0.26-0.32 AV: 5 NL: 1.63E6
T: FTMS + p MALDI Full ms [500.00-4000.00]
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