Increasing the Throughput of Protein Identification Using Nanoelectrospray QqTOF Mass Spectrometry
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Introduction

Protein identification by mass spectrometry usually takes the form of a two-step protocol. In the first step, enzymatic digests are screened by MALDI-MS  to obtain a peptide map for database searching. This method is easily automated, but often not specific enough for an unambiguous identification. In such cases tandem-MS experiments provide sequence specific fragment ions that can be used for database searches. Currently, the method of choice for protein identification is micro- or nanoelectrospray. One easily automated approach makes use of on-line LC/MS/MS. However, this technique adds another degree of complexity (or: source of possible failures) and has limitations when low amounts of sample have to be analysed. Nanoelectrospray has proven to be successful for low level identification. This technique is, however, not easily automated and therefore throughput is low. Here we describe attempts to increase the throughput of nanoelectrospray by streamlining the sample preparation procedure and to take advantage of some unique features of this technique.

Results and Discussion

In the standard procedure the gel pieces are washed and repeatedly extracted with acetonitrile and 5% formic acid (A. Shevchenko et al. Anal. Chem. 1996, 68, 850-858). The use of organic solvent pre​vents the direct loading of the pooled extracts onto the reversed phase material for desalting. Instead the digestion mixture has to be dried down before it can be redissolved in a solution compatible with loading onto the Poros R2 sorbent. This prolongs the preparation time and increases the risk of losing sample (owing to e.g. adsorption to the tube walls, incomplete dissolution of dry peptides).

We show here that repeated washing with 5% formic acid without the use of organic solvents results in similar S/N of recovered peptides analysed by nanoelectrospray when compared to the standard method (fig.1; in-gel digests of 500 fmol BSA). Figure 1A shows the results of the standard extraction with acetonitrile. In comparison, figure 1B shows the cor​responding spectrum using the accelerated washing procedure. Both spectra display very comparable S/N and show the same peptides with similar relative intensities in the range of m/z 500 to 820. As a further test for the efficiency of the accelerated washing protocol the gel pieces were subsequently extracted according to the standard protocol. After close inspection of the spectrum only four minor peptide peaks could be found in the background noise. Two of them are tryptic peptides derived from BSA, the other two are autolysis products of trypsin. All correspond to comparatively large peptides. This indicates that a small proportion of the larger, more hydrophobic peptides remain in the gel plugs (owing e.g. to adsorption to the gel matrix or to reduced mobility inside the gel).

A further acceleration of the throughput is achieved by packing and loading many desalting columns in parallel by centrifugation. The loaded columns can be stored at -20 (C for several months without any obvious deterioration of the signal-to-noise ratio when compared to the freshly prepared sample. The possibility to load several samples onto columns at the same time and to store them on columns in the freezer saves a considerably amount of time as the samples can be analysed sequentially without lengthy breaks in between for sample desalting and preparation. This allows more efficient use of the instrument time.

Generally only two or three peptides derived from a protein are required for unambiguous identification. Those spectra can be acquired very rapidly using a QqTOF-instrument so that it is often possible to conclude an experiment before the end of the spray time. It is possible to store the partially emptied needles at 4(C in case further investigations might be necessary. Although the solvent will evaporate over time, the peptides inside the needle can still be redissolved and transferred into a new needle for additional MS-experiments. This also works for samples when all liquid has been used for nanoelectrospray experiments. Extra spray time can be gained by adding a few tenths of a microliter of spray solvent into the needle so that the peptides adsorbed to the glass wall of the nanoelectrospray capillary are redissolved. Although the S/N is much lower many peaks might be still observable enabling more MS/MS experiments.

Conclusions

· Extraction with acetonitrile is not necessary. Repeated washing with 5% formic acid is sufficient. This saves time as the evaporation of the solvents can be omitted. The digests can be loaded directly onto desalting columns.

· Digests can be stored on desalting columns. Even after a period of five months no adverse effect were observed by mass spectrometry. This allows the preparation and loading of several desalting columns in parallel allowing more efficient use of the instrument time.

· Unused sample can be stored in the needle at 4(C for several weeks. For further experiments the sample can be redissolved by adding some spray solution and transferring the sample into another needle. This works even when all liquid has been used for nanoelectrospray experiments 
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Figure 1: Nanoelectrospray mass spectra of in-gel digests of 500 fmol of BSA. A) standard extraction and B) accelerated extraction using repeated washing with 5% formic acid and direct loading of the supernatants onto the desalting column. Autolysis products of trypsin (Promega) are marked with ‘T’; BSA-peptides are labelled with asterisks.










