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Amino acids exist as zwitterions in solution and in their canonical d= K DB_F 1
forms in the gas phase® The zwitterionic form can be stabilized 2 e, 9z (1)
in the gas phase by salt bridge interactions when a net charge is

presenﬁj or by Sh|e|d|ng Of the Charges, either by the addition Of where mZD is the averagez Component of the induced p|us
water molecule®s’ or by complex formatiort? Calculations suggest  permanent dipole momert and v are the mass and the velocity
that two water molecules are sufficient to stabilize a zwitterion in - of the peptide, respectively, atdis a geometrical factor obtained
glycine}* the simplest amino acid. In peptides, the charge shielding py calibration with the sodium atom whose polarizability is known
function can be accomplished through self-solvation. At present, with high accuracy from atomic interferometyThe beam profile
there is very little information available about the minimum peptide \yas monitored as a function of the electric field, and the deflection
size required to stabilize a zwitterié#i,** and what informationis g shows the expected linear dependence on the square of the applied
available has been obtained on charged peptides using indirectfield. Electric susceptibilitieg = [4,[IF are obtained from plots of
methods. Here, we report studies of zwitterion formation in small the deflection againgt2.
neutral alanine-based peptides using, for the first time, a direct probe  T¢ discriminate between zwitterionic and canonical structures,
of the charge distribution. We have used molecular beam electric gne needs to estimate susceptibilities for both structures. The
deflection measurements to determine the electric dlpOle Suscep'susceptibi”ty of a molecule is related to its permanent d|p0|e
tibility of unsolvated WA, and Ac-WA,—NH, (W = tryptophan  moment and its electronic polarizability by the Langevidebye
and A = alanine) peptides with up to five alanines (the capped formulai6.18
Ac—WA,—NH; peptides cannot form zwitterions). We find that
the WA, peptides remain in the canonical form at room temperature. ng
The measurements were performed on an apparatus consisting A= 5=
of a matrix-assisted laser desorption (MALD) source coupled to
an electric beam deflection setup with a position-sensitive time-
of-flight mass spectrometé?.The peptides were synthesized using
FastMoc chemistry with an Applied Biosystems model 433A
peptide synthesizer. MALD targets were prepared by pressing a
1:3 ratio of the peptide and high purity cellulose powder. Peptides
were desorbed from the target with the third harmonic of a pulsed
Nd:YAG laser (355 nm) into a helium flow generated with a
piezoelectric valve that is synchronized with the desorption laser.
A molecular beam leaves the source thiowg5 cmlong nozzle.
Both ions and neutrals are produced in the desorption step. The
ions are ejected from the beam with a transverse electric field, and
the resulting neutral beam is tightly collimated by two slits before
it travels through the 15 cm long electric deflector. The deflector
provides both an electric field (F =0to 2 x 10’ V m™1) and a
field gradientaF/az. The direction of the fieldz, and its gradient
are perpendicular to the beam axis. One meter after the deflector,
the peptides are photoionized with the fourth harmonic of a Nd:
YAG laser (266 nm) in the extraction region of a position-sensitive

time-of-flight mass spectrometer. The velocity of the peptides in .
g P y pep The gn, values are chosen to perform a free random walk in

the neutral beam is selected and measured with a mechanicalt i hich ind d Ki tential
chopper that is synchronized with the ionization laser. emperature space, which induces a random walk in potential energy

The beam profile of rigid molecules is symmetrically broadened space and aII_ows the 5|mulat|or_1 to escape local minima and to
in the deflector, while for nonrigid molecules (i.e., when one cannot explore effchyer the conformational landscape. In this work, we
separate the vibrational and rotational Hamiltonians such as for usedM = 15 with upper and lower temperatures of 1250 and 100

: : K, respectively. The enerdy of each structure was obtained from
those molecules studied here), the beam is globally deflected toward ) .
the high fieldi® The deflection: the Amber force field with AMBER96 paramete¥sThe permanent

dipole of each structure was obtained using the partial charges
T UniversiteLyon 1. defined in AMBER96. Comparison with dipoles obtained by more
*Indiana University. sophisticated methods showed this to be a good approximation. In

3T % (2)

where [4%7 is the average value of the dipole at temperaflire
(without the electric field), and is the static electronic polariz-
ability. The temperaturg is equal to the nozzle temperature which
was fixed to 300 K (there is no significant cooling in the mild
expansion as the molecular beam exits the source). The electronic
polarizability o, is obtained by using an empirical method based
on molecular additivity)® The canonical average value of the dipole
squared4?(# is obtained using simulated tempering (ST), a Monte
Carlo-based method, following the scheme proposed by Mitsutake
and Okamotd? In ST, the temperature is a dynamic variable. The
temperature is discretized M different valuesl, (m= 1, ...,M),

and the simulation is realized in two steps: Monte Carlo at fixed
temperaturd, and a temperature update to neighboring valygs

+ 1. The conformation and the temperature are updated with a
weight:

W(E,T,) = & FKTmtom (3)
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Figure 1. (Top) Measured electric susceptibility of unsolvated y\&hd _Acknowledgment. We grat(_afg‘lly acknowledge the sup_port of
Ac—WA,—NH; peptides. (Bottom) Comparison of measured susceptibilities this work by the NIH and the Ministe de la Recherche (ACI jeunes

for WA, peptides with calculated values for canonical and zwitterionic chercheurs).
structures.
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