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Parallel LC-Coupling with ESI-ion trap and MALDI-TOF/TOF for Most Efficient Information Readout of Proteome Samples
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Liquid chromatography (LC) coupled to Electrospray mass spectrometers, mainly ion traps or QTOFs, is a widely used tool for comprehensive proteome analysis. In addition to this online combination, offline LC-coupling with MALDI-TOF/TOF became a promising alternative. While in LC/ESI-MS/MS the duty cycle of the mass analyzer is usually a critical factor (in particular for complex proteome samples), there are no temporal constraints for an LC/MALDI-TOF/TOF analysis. 

In a parallel approach for coupling capLC or nanoLC with both techniques, the majority of medium and high abundant proteins are identified by fast online LC/MS/MS in the trap. Using a T-split in front of the ESI source, the LC run is fractionated on a MALDI target at the same time for further analysis. Controlled by an intelligent software tool for the entire workflow, the database search results from the ESI-trap run were used for MALDI TOF/TOF precursor ion selection in order to selectively fragment only those ions that gave poor fragment spectra, were not fragmented due to time constraints or did not show up at all in ESI (due to a different behaviour in ionization). Thus, the parallel use of both MS techniques results in a generally increased sequence coverage to account for as much of the protein’s structure as well as PTMs.

Moreover, low abundant proteins in a proteome which are usually represented by just one or two peptides in an observed peptide mass fingerprint (PMF) are identified with a highly increased success rate.

Digested proteome samples of medium to high complexity and dynamic range were separated by capillary LC. The use of monolithic columns with complete LC run times of 10-15 min even for those complex samples enabled a fast initial online LC/MS/MS analysis. A post column split of the LC flow was used with one half being directly analyzed by an ESI-ion trap MS, whereas the other half of the flow was spotted onto a 600 µm AnchorChip MALDI-target for offline MS and MS/MS. The eluent was deposited on a thin layer of HCCA matrix in 10-30 sec fractions.

Online MS and MS/MS spectra were obtained using a high capacity ESI-ion trap with a scan rate of 5-10 spectra in 3 sec. The database search results from Mascot were utilized for subsequent MALDI-MS/MS analysis so that the acquisition or redundant information was avoided. All MS and MS/MS data sets acquired by both MS techniques were finally merged for a joint database search. Intelligent software controlled the entire, complex workflow and handled the results.

Even though the scan rates of the ESI ion trap provided a very fast acquisition of MS/MS spectra, the ability to select all precursor ions for MS/MS analysis was limited by the chromatographic peak width and the complexity of the mixtures. As ESI and MALDI analyses typically provided complementary results, i.e., some peptides showed up in ESI and others in MALDI spectra only, added sequence information was obtained. The fractions deposited on the MALDI-target were available for re-analysis even after several days.

The combination of both techniques indeed lead to more identified proteins with higher sequence coverage for all investigated samples. Databases searched could be obtained with a higher confidence and validation of hits. 

Also when data sets of repeated experiments of the same sample acquired by only one single MS technique were combined, the results of the LC ESI/LC MALDI approach could not be achieved. 






























