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Summary

In order to study the complex biochemical processes underlying pharmacological

and medical events, sensitive and selective analytical methods are necessary.

Liquid chromatography (LC) is a very versatile and highly selective technique

in which separation is achieved through a partitioning or adsorption equilibrium

between a liquid mobile phase and a stationary phase. In its multidimensional

forms, LC offers potential to achieve separation efficiencies approaching those of

two-dimensional polyacrylamide gel electrophoresis (2D-PAGE). It is easily auto-

mated and sample pre-treatment steps can be included in the automated analyt-

ical set-up. Unlike capillary electrophoresis (CE), on-line coupling of LC to mass

spectrometry (MS) is relatively easily achieved by electrospray ionisation (ESI).

Moreover, the miniaturisation of LC-MS allows the detection of very-low-level an-

alytes (zmol to amol). NanoLC-MS systems are potentially even more sensitive.

However, selectivity, reproduciblity and robustness as well as speed of analysis

and ease of use require due attention when turning to such miniaturised systems.

In this thesis, several studies are presented in which various aspects and parts

of a nanoLC-ESI-MS system have been optimised, with the aim to overcome the

aforementioned limitations.

In Chapter 2, the characterisation of our in-house-built nanoESI interface is pre-

sented. Aiming at the quantitative analysis of peptides using nanoLC-MS, it is

necessary to know how our nanoESI interface responds to variations in the mobile
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phase composition, spray voltage and morphology and position of the nanoESI

emitter.

Positioning the nanospray tip at a 20°angle with respect to the heated capillary

provides the best signal-to-noise ratios, but signal intensity is highest when the

interface is positioned axially and close to the heated capillary. While a larger

percentage of acetonitrile (ACN) in the mobile phase requires a lower spray volt-

age to obtain a stable spray, the spray voltage has to be carefully adjusted at

low % ACN (i.e. 10%). Varying the formic acid (FA) concentration has a clear

impact on both signal intensity and the charge envelop. An increase in the %FA

in the mobile phase results in a shift toward lower m/z. 1% FA, though, leads

to a strong reduction in signal intensity. Larger intensities are found for coated

needles with a small-ID tip.

Most traditional chromatographic stationary phases are prepared from naturally-

occurring organic polymers for the analysis of proteins, and silica beads in the

LC-MS analysis of peptides. The smaller the silica beads, the higher the back-

pressure. The larger the beads, the lower the separation efficiency and flow resis-

tance. Moreover, highly porous beads have a higher capacity. Thus, the structure

of a stationary phase will be of paramount importance to achieve efficient, rapid

and sensitive separation. Silica-based monolithic phases are a relatively recent in-

novation in the area of chromatographic stationary phases, one which we have also

considered in this research in conjunction with peptide separations. Silica-based

monolith synthesis, characterisation and applications are reviewed in Chapter 3,

while the chromatographic performance of a new 50-µm-ID monolithic column

are evaluated and its application to peptide analysis demonstrated in Chapter 4.

The bimodal pore structure of silica monoliths exhibits large, interconnected

throughpores and smaller mesopores inside a thin silica skeleton, resulting in high

porosity and only small distances over which analytes must diffuse. There are two

main approaches to preparing monoliths. Monoliths either exhibit large through-

pores, offering very low flow resistance at the cost of separation efficiency, or small

throughpores and a relatively thick skeleton, allowing very efficient separations

though at the cost of higher operating pressures. The monolith we characterised

exhibits throughpores of 2-3 µm, a skeleton of 1.0-1.5 m and mesopores of 18

nm, and appears to be a compromise between the two aforementioned synthe-

sis approaches. Its high efficiency and low flow resistance allow the separation

of very complex mixtures in a much shorter time than what is usually achieved

with packed columns. Peak widths at half height are on the order of 10 s and

separations are very repeatable. A wide range of flow rates (up to ≈ 20 times the

flow used with packed columns) and gradient slopes (up to 9% ACN /min) can be
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used, depending on the complexity of the separation. Moreover, the specific sur-

face area is sufficient to load large sample volumes and achieve good detectability

of low-level analytes.

In Chapter 5, a novel set-up allowing on-line coupling of albumin depletion and

sample fractionation with nanoLC-MS is presented. By increasing the efficiency,

selectivity and loading capacity of an analytical system, multidimensional ap-

proaches increase the number of peptides that can be analysed in a complex

sample.

Very abundant proteins (e.g. albumin) often mask proteins and peptides of lower

abundance and thus interfere with their detection and identification. Therefore,

samples must be effectively depleted of these abundant proteins. To this end,

three columns are coupled on-line in a novel, though simple and robust, set-up for

multidimensional nanoLC-MS. No additional switching valve or pump is required

to couple the three different columns. A cartridge filled with restricted-access

material (RAM) was coupled to nanoLC-MS to remove bovine serum albumin

(BSA) from a sample containing a neuropeptide. After optimisation, virtually all

the BSA is discarded. Separations were very efficient, with peak widths at a half

height of 10s. The total cycle time, including albumin depletion, separation of

the analytes, washing and re-equilibration of the system, is about 40 min.

In Chapter 6, a study of the repeatability issues in LC-MS is presented. Poor re-

peatability of peak areas is a problem frequently encountered in peptide analysis

with nanoLC-MS. As a result, quantitative analysis is difficult, unless the ob-

served signal variability can be corrected for. Labelling techniques or addition

of internal standards can be applied to this end. However, these procedures are

often elaborate and error prone and do not always improve repeatability.

Adsorption of proteolytic peptides to the vial surface is shown to be the under-

lying cause of repeatability problems in the quantitative analysis of peptides by

nanoLC-MS. Improved peptide recovery and greater signal repeatability are ob-

tained by improving peptide solubility, which directly influences the adsorption

equilibrium for the peptides between the solution phase and the vial surface. Ad-

dition of varying amounts of DMSO to the sample vial reduces peptide adsorption

by up to more than 90% in some cases, consequently leading to greater repeata-

bility and lower LOD.

In conclusion, in order to achieve the very high throughput and ease necessary

in routine comparative proteomic studies, several limitations of nanoLC-MS such

as low signal reproducibility, lengthy analysis times and poor system robustness

have been overcome. Though much progress has been made generally in the field,

nanoLC-MS is not yet a user-friendly technique and still requires dexterity. Nev-
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ertheless, the latest technological developments have started to make the use of

nanoLC-MS more straightforward for inexperienced researchers.
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