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Abstract 
 

Like most macromolecules, proteins exhibit complex structural dynamics. Activity, binding and other 
biological properties of proteins heavily depend on their conformational state. Information on 
(changes in) protein conformation is essential to understand biological function. In this work, we 
exploited the feasibility of gas-phase trapped ion-mobility spectrometry (TIMS) in combination with 
high-resolution time-of-flight mass spectrometry (TOFMS) for the detection and resolution of 
protein conformational states.  
Bovine carbonic anhydrase II (BCA) was selected as a model protein; it exhibits acid-induced 
unfolding. BCA was dissolved (8 μM) in solutions of different pH, buffer composition, ionic strength 
and organic solvent percentage and were analyzed by ESI-MS and the obtained charge-state 
distributions (CSDs) were studied. A trimodal CSD marked the transition point of pH-induced 
unfolding, and ammonium formate and increasing ionic strength appeared to stabilize the holo-state 
of BCA. Introducing TIMS prior to TOFMS allowed ion-mobility analysis of single charge states of BCA 
throughout the CSDs obtained under the different conditions. The trapping time, electric potentials 
and the electric field gradient were optimized to maintain protein integrity. From the TIMS data, 
collision cross sections (CCSs) of the BCA species could be calculated, which indicated coulombic-
induced stretching of BCA with increasing charge. Interestingly, EIMs of single charge states showed 
multiple bands, revealing the coexistence of different conformational states of BCA under certain 
conditions. By comparing the EIMs of the same BCA charge state obtained under conditions of 
decreasing pH, a conformational transition reflecting protein unfolding in solution was disclosed. 
Furthermore, TIMS-TOFMS showed that the BCA holo-apo transition is accompanied by an 
equilibrium shift of the observed populations. It also indicates the existence of native-like 
conformations at increased charge states. 
In conclusion, TIMS allows probing of protein conformational states as well as separation and 
evaluation of these species, providing detailed insights into the pH-induced unfolding of BCA. 
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