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FRAGMENTATION OF BIOMOLECULES USING
SLOW HIGHLY CHARGED IONS

Christiane Ruehlickel, Dieter Schneiderl, Robert DuBoisz, Rodney Balhorn®

!Physics and Space Technology, 3Biology and Biotechnology, Lawrence Livermore Natl. Lab., Livermore,
CA 94550, 2 Department of Physics, University of Missouri-Rolla, Rolla, MO 65401

We present first results of biomolecular fragmentation studies with slow highly charged ions (HCI). A thin
layer of the tripeptide RVA was deposited on gold targets and irradiated with slow (few 100 keV) ions, e.g.
Xe*** and Xe'**, extracted from the LLNL EBIT (electron beam ion trap). The secondary ions released upon
ion impact were mass analyzed via Time-Of-Flight Secondary-Ion-Mass-Spectrometry (TOF-SIMS): The
results show a strong dependence of the positive and negative ion yields on the charge state of the incident
ion. We also found that incident ions with high charge states cause the ejection of fragments with a wide
mass range as well as the intact molecule (345 amu). The underlying mechanisms are not yet understood but
electron depletion of the target due to the high incident charge is likely to cause a variety of fragmentation

processes.

INTRODUCTION

Interactions between slow (~ 2keV/amu) highly charged
ions (HCI) with biomolecules are being investigated.
Currently the emphasis of the studies is on exploring the
basic mechanisms of the interaction, e.g. breakup, in
particular in polypeptides. These experiments might reveal
a new method of degrading biomolecules. A potential
application could be the fragmentation of proteins, which is
used in peptide mapping and sequencing. The availability
of proteases, which are commonly used for protein
fragmentation, is very limited, therefore there is a demand
for additional fragmentation techniques.

Studying the impact of HCI upon biomolecules also is
an extension of studies of HCI solid surface interaction,
which have shown that HCI impact causes the emission of a
large number of electrons from the surface (1,2), enabling a
variety of secondary processes to take place.

The ions used in these studies are produced by an
electron beam ion trap (EBIT) (3,4) and charge states up to
50+ have been used. The high potential energy (few 100
keV) enhances the effect of electronic interactions with
solids or molecules as compared to the nuclear interactions
that occur in the collisions. The potential energies of the
ions are comparable to their kinetic energy, giving rise to
new effects.

EXPERIMENTAL

The target, the polypeptide RVA, which consists of a
sequence of the aminoacids Arginine, Valine and Alanine,
was synthesized using a PS3 Peptide Synthesizer (Rainin

Instruments) and purified by reversed-phase high
performance liquid chromatography. Aliquots of the
peptide (50 pl of a 10 mg/ml solution in water) were
deposited on flat gold disks and allowed to dry for 15 h in
the presence of a desiccant. The targets were clamped onto
a sample ladder and mounted in the experimental area
within one day. TOF-SIMS was performed in a high
vacuum (10™'° Torr) chamber equipped for surface analysis
at the end of the ion extraction beamline on EBIT. Xe gas
was injected via a ballistic jet into the trap region of EBIT
and Xe ions with charge states ranging from 15+ to 50+
were extracted at kinetic energies of 700 keV or 105 keV

FIGURE 1. The Time-Of-Flight system used in our experiments is
shown in this figure. Secondary ions and electrons ejected from the target
are accelerated towards the microchannelplate detector. The target is
biased positive or negative depending on which spectra are taken. Start
and stop pulses are determined due to their pulse heights and arrival time
at the detector.



The fluxes were ca. 1000 ions /s, where the Xe'** was
extracted in pulses of a few ms length at 2 Hz and the
Xe*® was extracted in a continuous mode. The TOF
spectra were obtained using a TOF-SIMS spectrometer
(Fig. 1) (5). Secondary ions are accelerated between the
target and a channelplate detector at voltages of a few kV.
For negative ions the start signal was taken from electrons
emitted from the sample upon individual ion impact, while
protons and in rare cases H," provided the start signal in the
positive case. The stop signals were given by the secondary
ions. The flight time of the secondary ions increases with
charge and decreases with the mass at the same time.

RESULTS AND DISCUSSION

Examples of TOF-SIMS spectra are shown in Fig. 2.
For both the negative and the positive secondary ion
spectra the yields are much higher for Xe*** being the
primary ion compared to Xe"* . This general trend has also
been observed with incident ions of other charge states. The
Xe’™ spectra show a wide mass range of secondary ion
peaks, many of which are below the background intensity in
the corresponding Xe'** spectra. This demonstrates a
higher sputtering efficiency for ions with high charge states.
The large numbers of very low mass ions, e.g. H, C, and O
compounds, mostly stem from contaminant on the surface
rather than from the peptides and are common in these
spectra regardless of the target material. While these
compounds as well as atomic ions of alkali metals and
halides used during sample preparation dominate the
spectra up to masses of ca. 100, most larger mass fragments
are unique to ‘the peptide sample and appear to be
molecular fragments. Both the positive and the negative
spectra show a contribution at the mass of the intact
molecule in the Xe*® spectra, which indicates that it is also
possible to lift intact molecules with both negative and
positive excess charge from a solid surface. The occurrence
of even higher masses suggests that the intact molecule
combines with other fragments, possibly Na. Since we can
not distinguish between different charge states with the
current setup, we assume all fragments to be singly
charged. In addition to these peaks and a wide distribution
of fragments in both the positive and negative spectra the
negative spectrum also shows some distinctive peaks at
masses 113, 155 and 249 amu. The Xe"* spectra both show
fragments up to ca. 100 amu, higher mass peaks are not
removed efficiently enough to be distinguished from the
background counts on the spectra. This is true also for the
peak corresponding to the intact molecule, whose mass
position is marked in the positive spectrum.

The underlying mechanisms for breakup and ablation
are not yet understood but it is assumed that different
processes occur, which originate in the large electric field
induced by the high ion charge. This high field could
remove binding electrons, therefore creating fragments
which leave the molecule.

However it is also possible that the HCI interacts
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FIGURE 2. TOF-SIMS spectra showing the negative and positive
secondary ion yields for projectile ions Xe*®* and Xe'** impact on the
tripeptide RVA deposited on a Au substrate. The yields, which were
normalized to 10° incident projectile ions, are plotted as a function of
flight times of the secondary ions. A linear background was subtracted
from the spectra. A few characteristic peaks are marked in all spectra, in
c) we indicate the position where the RVA" peak would be expected,
while d) actually shows a shorter mass range than the other spectra.

primarily with the solid substrate, upon which the
molecules are deposited, which then interacts with the
sample: e.g. in solid substrate sputtering the ejection of
large clusters is ascribed to a shock wave in the solid
generated by the ion (6). This might cause the desorption of
intact molecules.

While the structure, binding and adhesion of the
polypeptide molecules differs significantly from the solid
surfaces, some of the responses to HCI impact are similar,
e.g. the higher secondary ion yields and occurrence of high
mass clusters due to HCI impact have been observed in
sputtering solid surfaces with HCI as well (5).



CONCLUSIONS

First results of fragmentation studies of biological
molecules by HCI are presented. The TOF-SIMS spectra of
the tripeptide RVA show the ablation of the intact molecule
from a gold surface due to HCI impact as well as the
fragmentation into a series of smaller fragments. The
sputtering efficiency was shown to increase with increasing
projectile ion charge and negative and positive secondary
ion spectra were found to show different fragment yields.
Some parallels can be drawn to interactions that occur
between solid surfaces and HCI but the underlying
mechanisms are not yet understood.
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