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Introduction
The main focus of our research is the development and application of mass spectrometric
techniques to investigate the tertiary and quaternary structures of biomolecules. We use noncovalent electrospray ionisation-mass spectrometry (ESI-MS) and tandem mass spectrometry
(MS/MS) to determine the mass, conformational properties, stoichiometry, stability, and
binding characteristics of proteins and protein complexes. We are also pioneers of ion
mobility spectrometry-mass spectrometry (IMS-MS), which offers a unique opportunity to
separate co-populated biomolecular entities on the basis of their physical shape and to
measure their mass and cross-sectional area (Ω) in a single, rapid (≤ 2 mins) experiment.
Our major areas of research focus on protein folding, function and self-aggregation, proteinligand interactions, biomolecular complex assembly, and oligonucleotide structure.
Results
Our recent method development work on membrane proteins has shown that ESI-MS and
ESI-IMS-MS can be used to study these hydrophobic proteins in a native-like state. The
procedure involves the use of amphipols (amphipathic polymers), which are a mild
alternative to detergent micelles, to solubilise membrane proteins and to protect and preserve
their structure from solution through to the gas phase. The bacterial β-barrel outer-membrane
proteins PagP (20.2 kDa) and OmpT (33.5 kDa), whose interactions with amphipols had not
been studied previously, were selected for this study (Figure 1).

Figure 1: (A) Amphipol A8-35
(9-10 kDa; x = 29-34%, y = 25-28%, z = 3944%). Crystal structures of the membrane
proteins (B) OmpT (PDB:1I78) and (C) PagP
(PDB:1THQ)

Figure 2: ESI-IMS-MS driftscope plot of the
OmpT:amphipol complex. The charge states of the
ions are labelled and highlighted with white arrows.
The summed m/z spectrum for the complex is
displayed on the right-hand side.

The PagP and OmpT membrane protein:amphipol complexes were analysed using ESI-IMSMS. In these analyses, the proteins were separated from the amphipol in the gas phase, thus
enabling measurement of the molecular mass of each protein, together with its cross-sectional
area. Data for OmpT are shown in Figure 2. The cross-sectional area of OmpT was measured
as 2705 Å2 (ave. 6+, 7+ and 8+ ions), which is consistent with the cross-sectional area
calculated from the crystal structure (1I78; 2718 Å2).

Amphipols thus offer a simple method of trapping membrane proteins in detergent-free
aqueous solutions and preserving them in a native-like conformation, from which ESI-MS
analyses can be performed on µMolar amounts of material.
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