
Abstract 
Structural–functional proteomics represents a methodological approach aimed at the detailed 

characterization of protein function and spatial coordination. The XL-MS method (crosslinking 

mass spectrometry) is one of these experimental approaches, used, among other purposes, to 

study protein conformational dynamics and functional properties, as well as their complexes. 

The introduction of noncanonical amino acids featuring specific functional groups into protein 

sequence allows expanded possibilities for reactions with crosslinking agents, thus increasing 

the resolution and application potential of XL-MS. Calmodulin, a protein exhibiting two 

distinct conformational states depending on Ca²⁺ ion binding, was chosen as a model system. 

Using the auxotrophic strain Escherichia coli B834 (DE3), wild-type calmodulin was 

expressed in nutrient-rich medium, and calmodulin incorporating azidohomoalanine (AHA), a 

structural analogue of methionine, was expressed in two minimal media (LM9 or DMEM). 

Purification was carried out employing two steps: after obtaining the cell lysate, conformation-

dependent hydrophobic interaction chromatography was applied, followed by gel filtration. 

The obtained yields were 2.00 mg of wild-type calmodulin protein from 400 ml of nutrient-

rich LB medium, compared to 0.12 mg of AHA-containing calmodulin from 500 ml of LM9 

or 0.005 mg from 450 ml of DMEM, respectively. Subsequently, after optimization, 

crosslinking experiments were performed to generate intraprotein crosslinks (native 

calmodulin) with/absent Ca2+ ions or specific interprotein crosslinks between calmodulin and 

the adenylate cyclase domain (dAC) of a bacterial toxin (B. pertussis) in presence of Ca2+ ions, 

using the homobifunctional agents disuccinimidyl suberate (DSS) and disuccinimidyl glutarate 

(DSG). The reaction mixtures from the crosslinking experiments were analyzed by native 

PAGE and SDS-PAGE. Native PAGE allows us to distinguish Ca2+ dependent CaM and apo-

forms with distinct structural conformations. In parallel, the reaction for converting the azido 

group of the AHA analogue into an amino group, compatible with the preservation of native 

CaM function (3D conformational change upon Ca²⁺ binding), was optimized. This method 

will be used in following studies of calmodulin interactions and conformations using the 

previously used DSS/DSG crosslinking agents in AHA-incorporated preparations (methionine 

positions) of CaM protein. The study will be followed by mass spectrometry analysis of the 

protein products (crosslinked samples, AHA incorporation). 

Key words: recombinant expression and purification, non-canonical aminoacids, structure-

functional proteomics, human calmodulin, mass spectrometry 


