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The shape of 1ons in solution from
their « shadow » in the gas phase

 The shape of ions in solution are driven by the
balance between intra and intermolecular

solvatation. . ®¢"
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e Clearly changes in solution alter the mass spectrum
like for example the charge state distribution

increasing at acidic pH following denaturation.
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Konermann and coworkers, Biochemistry (1997), vol. 36, no. 40, pp. 12296—-12302. Cytochrome C electrospray mass spectra



The shape of 1ons in solution from
their « shadow » in the gas phase

* The question has been since years adressed
through the extent of the memory effect.

* We will approach here the question from a
radically different point of view:

Let us assume that the best shape in the ga_')f':*; |
phase is the sphere to maximize N
intramolecular solvatation

* What could be the origin of a deviation
from this shape ?



The shape of 1ons In the gas phase

The electrostatic intramolecular interactions are responsible for
structural organization.

* Our experimental model will start with homopolymers in
which no specific strong interaction can lead to shape
modeling,

 We will introduce local organisation using cations
(coordination),

 We will introduce covalent topology changes to provide a
more rigid system.



Synthetic polymers as model
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Shape dimension brought by 1on mobility (IM) separation
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Shape dimension brought by 1on mobility separation
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From arrival drift time distribution to
collision cross section (ATD to CCS)
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Implication of the polymer topology
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The CCS expansion as an indicator of the topology
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Homopolymers with improved steric
hindrance per monomer

Models are polymers where substituents on the
backbone are increased

\P /\4/0 H \P /\4/ 0 H \P /\4/0 H
/L | \/L | | |
0 0 M 0
polymethyl polyethyl polypropyl

Let’s compare the shape evolution of these
homopolymers according to their degree of
polymerisation and the number of carried
charges by IM-MS
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Collision Cross-Section (AE)

Is the sphere model still valide ?
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Modifying the steric hindrance of the
monomer : polymethyl to polypropyl
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The CCS expansion as Coulomb repulsion indicator:
Self charge solvation when DP increase
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Conformational evolution from solution to the gas phase

[ In solution (THF) ]

-> Solvent-swollen random coil conformations

Size ? Probed by static light scattering
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[ In the gas phase ]

-> Dense near-spherical/elongated conformations

Size ? Probed by ion mobility spectrometry

R, (DP = 65)
Solution (THF)
2 arm star 3.03 nm
4 arm star 2.81 nm
6 arm star 2.67 nm
8 arm star 2.52 nm

Radii compaction after desolvatation

R(DP=65,z=4) | Q(DP=36,z=4)
Gas phase Gas phase
2 arm star 1.81 + 0.02 nm 943 + 13 A2
4armstar | 1.83 +0.02 nm 926 + 12 A2
6armstar | 1.83+0.02 nm 906 * 15 A2
8armstar || 1.79 +0.02 nm 821 + 15 A2

Charge effect was not considered during the liquid to gas phase radii comparison 15




Mobility in solution compared to
mobility in gas phase could help ?

Used model was biologically relevant
heteropolymers: the peptides

* Does desolvating change the conformation ?
What about a memory effect?

* Need a method to probe the mobility of ion in
solution: capillary electrophoresis (CE)

* Introducing the coupling between capillary
electrophoresis and ion mobility spectrometry

Work in progress
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Capillary Electrophoresis in brief

Figure 1.2
Basic components of CE instrumentation.

High Performance Capillary Electrophoresis:
A primer (Agilent Technologies)

Figure 1.1
Comparison of gel used for slab gel
electrophoresis and capillary for CE.
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Bovine Serum Albumin digested by
trypsine injected in CE-IM-MS

Generating a list of peptides with known sequences

pH electrolyte - Charge of peptides in solution determination (q)
Viscosity determination of electrolyte (n)

Electrophoretic mobility (1) obtained from migration times
Hydrodynamic radii (r) calculation from p

CCS of peptides from BSA tryptic digest are available (Q)

Valentine and coworkers, J. Am. Soc. Mass Spectrom. (1999), 10:1188-1211
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Mobility / surface comparison in solution
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Mobility CE / Mobility IM comparison
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Conclusion

For polymers with no constraint:

* Spheric shape in gas phase seems to be the rules, excepted
if Coulomb repulsion prevent it

For polymers with steric hindrance:
e Same conclusion
For peptides (denatured):

* |n solution, the spherical shape is a good approximation for
most of the BSA peptides (denatured)

* |n gas phase: spherical shapes seem to be the rules for
most of the studied peptides WITH exceptions

Investigation in progress to determine the other
major parameters driving the shape in gas phase
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