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► IMS-MS in combination with native nanoelectrospray ionization can be used to investigate
the tertiary and quarternary structure of peptides and
proteins
► High resolution IMS helps to identify multiple
conformers
► Low-field conditions and the ability to adjust
pressure and temperature for IMS separation enable
the preservation of native-like structures during
analysis
► Type and population of different conformational
states can be strongly dependent on the type of
solvent (protic, aprotic) used in the spraying solution
as shown for bradykinin
► High resolution IMS-MS allows to track changes
in protein structure upon drug binding as examplified
for the ubiquitin-oxaliplatin system

► All measurements were carried out on a TOFWERK IMS-TOF. The system
comprises a nanoESI source, a 10 cm desolvation tube, a 20 cm drift tube (both
made from resistive glass) and a TOFWERK HTOF TOFMS.

► Influence of solvent on peptide structure
► Bradykinin = Physiologically and pharmacologically active peptide, acts as an inflammatory mediator

► Desolvation and drift tube were thermostated between 30-100°C with nitrogen
as the buffer gas.
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► Ion mobility separation was carried out at reduced field strengths of ca. 2 Td.
Drift-tube pressure was set between atmospheric and 1.4 atm (nitrogen).
MeOH 0.1% FA

► Measurements were carried out in both positive and negative ion mode (applied
potential approx. 2 kV). Raw IMS-TOF data was post-processed using Tofware
(TOFWERK, Switzerland).
► All peptides, proteins and other chemicals were obtained from Sigma-Aldrich
(Switzerland) and used without prior purifications. Samples were either prepared in
water containing 10mM ammonium acetate, or mixtures with methanol with 0.1%
formic acid or acetonitrile with 0.1% formic acid.
► Schematic and picture of the TOFWERK IMS-TOF
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IM spectra of bradykinin (doubly protonated species) either in ACN 0.1% FA, MeOH 0.1% FA
or pure water. The spectra are thought to reflect the properties of the solvents (aprotic for
ACN, protic for MeOH and water) which result in different degrees of unfolding of the
peptide.

► Oxaliplatin (OxPt) is a clinically used chemotherapeutic
► Interactions of OxPt with proteins is thought to responsible for
deactivation and side effects
► Binding of OxPt to ubiquitin (Ub) has already been confirmed by topdown and bottom-up proteomics (Anal Bioanal Chem, 2012,
402:2655-2662)
► Binding of oxaliplatin to ubiquitin results in a more compact structure;
the metal complex binds to His68 and presumably forms an
intramolecular bridge to other amino acids that prevents unfolding
► The collision cross section of the most intense peak of Ub+OxPt is
ca. 15% smaller compared to Ub alone

► Influence of ligand binding on protein structure
► Calmodulin = eukaryotic messenger protein

► Changes in protein structure that are caused by
non-covalent interactions such as binding of cofactors can also be visualised with IMS-MS as
shown for binding of the heme group in myoglobin or
calcium ions in calmodulin

► Influence of drug binding on protein structure

► Binds calcium noncovalently
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► Myoglobin: oxygen binding protein in red blood cells

► Non-covalently attached heme group
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Comparison of ion mobilograms and calculated
collision cross sections for holo- (calcium-free) and
apo-forms of caldmodulin for different charge states.
It can be clearly seen that the collision cross sections
of the holo protein is always significantly smaller
compared to the apo form. This is in perfect
agreement with data from X-ray crystallography
which a strong folding of the protein upon calcium
binding. The high IMS resolution allows to resolve
many substructures especially for the apo protein.
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Comparison of ion mobilograms and calculated
collision cross sections for holo- (without heme
group) and apo-forms of myoglobin for different
charge states. The collision cross section of most
intense IMS peak of the holo protein is always
significantly smaller compared to the apo form,
indicating structure stabilisation by the ligand. The
high IMS resolution allows to resolve many
substructures especially for the apo protein.

