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The grazing incidence surface-induced dissociation (GI-SID) of various protonated peptides with typical
kinetic energies of 350 eV was investigated. Peptide ions were generated by matrix-assisted laser desorption/
ionization (MALDI) using delayed extraction. The collision target surfaces used were aluminum and a
liquid film of perfluorinated hydrocarbons. All peptides studied in these experiments showed enhanced
fragment ion yields at grazing incidence (GI-SID effect) as observed in our former experiments with other
precursor ion types. In general the GI-SID spectra exhibitN-terminal a;-type fragment ions, immonium
ions and side-chain fragment ions in the low mass-to-charge region. Fragment ion series of the peptide
backbone were not observed, which are typical and abundant in the spectra of established fragmentation
techniques like collision-induced dissociation, MALDI post-source decay or surface-induced dissociation at
steeper angles. The potential of the GI-SID process to yield useful information for primary structure
determination of peptides is indicated by the observed differences in the GI-SID spectra of the isomeric
dipeptides LR and IR. Copyright © 2000 John Wiley & Sons, Ltd.
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Tandem mass spectrometry (MS/MS) is a well-established of fragment ion types, i.e. immonium ions [RCH=MFHI, N-
and powerful technique for structure analysis of molecules terminal fragment ions &:,b-,ctype ions), C-terminal
in the field of peptide sequencing, especially since the fragment ions X-,y-,ztype ions), side-chain cleavage ions
development of ionization techniques such as matrix- (d-,v-,wiype ions), and internal fragment ions. (The peptide
assisted laser desorption/ionization (MALBBnd electro- fragment ion nomenclature used here is based on the
spray ionization (ESIf. In MS/MS, a precursor ion of  conventional scheme proposed by Roepstorff and Fohl-
interest is mass selected, activated, and finally its fragmentmanrf? and modified by Biemann) However, the types of
ions are mass analyzed. Activation and fragmentation havefragment ions and the extent to which each type is formed
been established so far by gas-phase collisions with inertvary from method to methotf">*For example, in MALDI-
gases, called collision-induced dissociation (CID), specifi- PSD the formation of internal ions is rather pronounced in
cally low-energy (eV) and high-energy (keV) Cii3. The comparison with other methodsSide-chain cleavage ion
mass spectrometric analysis of product ions released bytypes observed by low-energy CID, PSD-MALDI, or SID
post-source decay (PSD) of precursor ions that have beenare of lower abundance relative to those detected by high-
generated by MALDI (MALDI-PSD) has also evolved into energy CID**>?*In general, the fragmentation patterns
a powerful and sensitive method for structure analysis of produced by CID, MALDI-PSD or SID allow unequivocal
biopolymers>~’ Surface-induced dissociation (SID), intro- sequencing of unknown peptides or, at least, it is possible to
duced by Cooks and co-workers as an alternative activationfind partial sequence information which can be used to
technique, is based on low-energy (10-200 eV) collisions of identify the full amino acid sequence in a datab&$&In
precursor ions with a surface to induce ion dissociafidn. certain cases, however, the information content of a
SID experiments have been performed with various devicesfragment ion spectrum is not sufficient for unambiguous
and ionization methods. Although MALDI is one of the sequencing. For example, it is difficult or impossible to
most sensitive ionization methods currently available for distinguish isobaric amino acid residues (e.g. the structural
biopolymers, SID in combination with a MALDI ion source isomers leucine and isoleucine), if side-chain cleavage ions
has only been rarely reported so tr*Several researchers  required for their differentiation are not observed to a
have demonstrated that SID can lead to extensive andsufficient extent® Since the interpretation of fragmentation
structurally informative fragmentation of peptidgs®* spectra is usually the rate-limiting step in sequence
CID, MALDI-PSD, or SID spectra contain a wide range determinatiorf* any supplementary information, e.g. that
obtained from additional fragmentation pathways, can
*Correspondence to: H. Jungsl, Department of Chemistry, Phillips-  enhance the determination procedure by reducing the
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GRAZING INCIDENCE SID OF PEPTIDE IONS GENERATED BY MALDI 1655

experimental necessities given, SID experiments have been Uecon O——W— converter surface
arranged in which the precursor ions undergo grazing or nearly N converter grid
grazing collisions with the surfacé:*>2¢-2%n some devices
in which shallow collision angles were employed, a smaller
internal energy uptake of the precursor ions was observed in
comparison with conventional SID instruments®

In our laboratory, ion/surface collision experiments in the
collision energy regime of several 100 eV have shown the
effect of enhanced surface-induced dissociation at grazing
incidence for various polyatomic iori$*? From the
hitherto existing experimental results it is reasonable to
conclude that the excitation mechanism involved in grazing
incidence SID (GI-SID) is different from that in normal
SID. A quantum mechanical model of the GI-SID process
has been developed, in which polyatomic molecules with
substructures consisting of chains of biatomic dipole %roups Uger J‘Lo—l
are sliding along a regular matrix of surface atoths>
Because of the interaction with the periodic Coulomb field
of the surface, several independent collective vibrational
states (excimols) are induced in these chains. An analytical
expression for the probability to gather a certain number of
excimols in a molecule has been derived in a previous
study®® This probability depends on the number of dipole  sample
groups available in chain-like ;_ubstructures of the Precursor .. 1 schematic of the MALDI/GI-SID experiment. The thr
mOI_eCUIe and on the _p_rObab'Im?Ol of excitation of one Iagglgd trajsecctgrie%stgo?retsp%nd to (a;Gspl?ttereed ?(?ns, Fb)ttoagpécig?Gl-
excimol. The probabilityPy; strongly depends on the s|D fragment ion and (c) to intact reflected precursor ions. Four
velocity of the grazing precursor ion, since the excitation of different detector positions were used (I-IV). For ion detection see text

excimols induced by interaction with the periodic Coulomb for further explanations.
field of the surface is a resonant process. The accumulated
energy of several excimols is transferred by dipole/dipole
interactions to a trap-bond which is cleaved if the
transferred energy exceeds a specific threshold VEiu&. about 45. All experiments were performed at threshold

By virtue of the very special choice of precursor ion types laser irradiance. Desorbed ions were extracted in a dual-
in previous GI-SID experiments (e.g. cesium-attached stage acceleration region with time-delayed, pulsed ion
cyclodextrin derivative§® hexadecylpyridinium and ver-  extraction using two high-voltage power supplies, a delay
apamil iond?), it was difficult to compare the GI-SID  generator and a fast high-voltage transistor switch (model
spectra with those of the established fragmentation tech-HTS 50-06, Behlke Electronic, Kronberg, Germany).
nigues. Thus, in the present work, GI-SID of protonated Positive ions leaving the ion source with a kinetic energy
peptides generated by MALDI has been studied to make of about 8 keV were deflected by a pair of deflection
such comparisons possible. The experiments were notplates, passed through a slit and reached a converter grid
intended to check the excimol theory. Rather, the main under a deflection angle ~ 12°. For the definition of the
aim of this investigation was to find out whether the GI-SID different angles, see Fig. 1. Mass selection of desired
effect is also observed for peptide ions and, if possible, to precursor ions, i.e. protonated peptides in these experi-
determine the fragment ion types and the extent to which ments, was arranged by pulsing the deflection voltdgg;
they are formed. The results should allow assessment of theusing a digital delay/pulse generator (model DG135,
potential of GI-SID spectra to yield information which Stanford Research Systems, Sunnyvale, CA, USA) and a
could be helpful in sequence determination of peptides.  fast high-voltage push-pull switching unit (model GHTS

30, Behlke Electronic).
The converter consists of a converter foil at the potential

EXPERIMENTAL Ucon Which serves as target for the collision experiments,
and a grounded grid mounted parallel to the converter
surface at a distance of 7 mm. Rdg,, < O the converter is
The experiments were carried out on our modified home- operated in an ion-to-electron conversion mode resulting in
built 2°<Cf plasma desorption time-of-flight (TOF) mass post-acceleration of the precursor ions in the converter field
spectrometer which has been employed previously for GI- and acceleration and detection of secondary electrons
SID experiments>323°Several modifications were made arising from ion/surface collisions. Operating the converter
to enable precursor ion production by matrix-assisted laserin the ion-to-electron conversion mode allows the setup to
desorption/ionization with delayed ion extraction. The be used to take normal MALDI-TOF mass spectra with a
present instrument configuration is schematically shown in typical mass resolution afYAm >1000.
Fig. 1. The pressure in the mass spectrometer was For U, > 0 the mass selected precursor ions hit the
~1 x 10°°® Torr. A nitrogen laser (model VSL-335ND-S, converter surface with a collision energy
Laser Science, Franklin, MA, USA) was used for ion
desorption. The laser beam was attenuated by means of a Ec. = e (Uacc— Ucon)
circular variable neutral density filter and focused with a
quartz lens of 100 mm focal length onto the sample at under an incidence angjg(to the surface normal), which is

deflection plates detector

nitrogen laser

Instrumentation
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1656 GRAZING INCIDENCE SID OF PEPTIDE IONS GENERATED BY MALDI
given by ment or covered by a thin liquid film of perfluorinated
U hydrocarbons, were used as collision surfaces. For the
cof f=cofox — —— preparation of the film of perfluorinated hydrocarbons the
UaccSir? o nonvolatile liquid constituents of a perfluorinated paste

(trade name Triboflon Ill, obtained from Merkel, Hamburg,
Germany) were extracted by a volatile liquid perfluorinated
oil and spread over the aluminized foil. Under the given
vacuum conditions bare aluminum foils were inevitably
covered with hydrogen adsorbates (pump oil), whereas the
perfluorinated surface could be expected to remain clean
from hydrocarbon impuritie$®-3”

and takes values in the interval,p0°]. In the special case
Ucon = lJgi = UaCCCOSZOz

the precursor ions undergo grazing collisions with the
converter surface f(=90°). Indeed, by virtue of setup
modifications (e.g. changing the converter surfatlg) was
changed over a moderate range within this study, but the
typical value wasUg = 7650V resulting in a ‘collision’
energy of 350 eV. For 0\ U¢o, < Ug; secondary cations
resulting from ion/surface collisions are accelerated by the
converter potential. Secondary cations which are sputteredFor all peptide samples-cyano-4-hydroxycinnamic acid
from the surface leave the converter grid under an (10g L ! in acetone) was used as matrix. Peptides were
‘outcome’ angled,=0°, i.e. perpendicular to the surface dissolved in an aqueous 0.1% trifluoroacetic acid solution
(trajectory a in Fig. 1). Secondary cations resulting from (1 g L™%). Analyte and matrix solutions were mixed in order
SID fragmentation of precursor ions leave the converter to get molar analyte-matrix ratios within the range of 1:300
under an anglé,, (trajectory b in Fig. 1), wheré, depends  (e.g. for PR) to 1:1500 (e.g. for substance P). fD®f the
mainly on the ratiany/m, of the SID fragment ion’s masg mixture were sprayed on a polished stainless steel target by
and the precursor ion’s mass, The angled, takes values  a nebulizer® The resulting homogeneously coated targets

Materials and sample preparation for precursor ions

in the interval [0,0]. For Ugon, close to or aboveély; intact

scattered or reflected precursor ions leave the converterimpurities.

under an anglé®. ~ a (trajectory c in Fig. 1).
Fragment ionsry,¢) resulting from metastable decay of

were washed with water to remove salts and other
Dipeptides were purchased from Bachem
Biochemica (Heidelberg, Germany); all other peptides and
a-cyano-4-hydroxycinnamic acid were from Sigma Chemi-

precursor ions after passing the deflection plates arecal (St. Louis, MO, USA).

reflected in the converter field, if
Mt

For PEG 1000 (Fluka, Buchs, Switzerland), dithranol
(Aldrich, Steinheim, Germany) was used as matrix and
sodium trifluoroacetate (Fluka) as cation supplier at a molar

Ucon > —- Ugi'
Mo ratio of analyte/salt/matrix = 1:1:500.

Since peaks of these metastable fragment ions appear in the
spectra forUg,, < Ug and remain constant for rising
converter potentials, they can unequivocally be identified
and distinguished from GI-SID fragment ions. In addition,
because of the small distance between the converter grid and
the converter surface (7 mm), metastable fragment ions
reach the detector nearly at the same time as intact reflected
precursor ions and thus do not interfere with the GI-SID
fragment ion peaks in the spectra.

After passing through a secondary flight path of 0.93 m
the secondary ions were detected by a hybrid detector
composed of a microchannel plate (model F4293-07,
Hamamatsu, Japan) and a mesh type secondary electron
multiplier (model R2362, Hamamatsu). The front side of the
microchannel plate was at3.8kV resulting in post-
acceleration of positive ions. In front of the detector a slit
stop was assembled to produce a rectangulax(1@) mn?
active detector area. By means of a linear vacuum
feedthrough the detector could be moved horizontally over
a distance of 51 mm. Thus, by using four different detector
positions (I-1V), a total area of (68 10) mnf could be
covered, which was sufficient to detect all possible kinds of
ions leaving the converter, i.e. sputtered ions, fragment ions
and intact reflected precursor ions.

The transient signal output of the detector was digitized
by a digital sampling oscilloscope (model 545108, Hewlett-
Packard, Palo Alto, CA, USA) using a time resolution of 2
ns/channel. The time-of-flight data were transferred to a PC Figure 2. Performance of the mass selection method using a pulsed

: . deflection voltage Ugerr exemplified by sodium-attached PEG
after each shot for averaging, storage and analysis. oligomers from PEG 1000. The oligomer (n=23) at mass 1053.6 u

was selected without significant intensity loss, whereas the neighbor-
ing signals att 44 u were completely suppressed. In this experiment
the converter was operated in the ion-to-electron conversion mode.
Stretched aluminized polyester foils, without further treat- Both spectra were averaged over 100 single-shot spectra.
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GRAZING INCIDENCE SID OF PEPTIDE IONS GENERATED BY MALDI 1657

Because of the limited detector area a GI-SID spectrum of

1004 (a) detector position | mass selected precursor ions, i.e. protonated peptides in this
2 work, had to be composed of four single spectra, each taken
% 754 for Ugon= Ug;, but at different detector positions (marked by
€ [, I, Il and IV in Fig. 1). Each single spectrum itself was
o S50 averaged over several (typically 50) laser shots. Figure 3
& 43 displays these four single spectra and their resulting sum
L 254 28 | 59 spectrum for the protonated dipeptide FR.

. 18 e 1 For mass calibration of each GI-SID spectrum one

' ' additional spectrum was taken fok,,,=—4.5kV (ion-to-
electron conversion mode). From the arrival time of the

1004 (b) detect ition Il . ;
(b) detector position secondary electrons the tinycould be calculated at which

% 75 the precursor ions arrive at the collision surface for
3 Ucon=Ug. As the arrival timet, of the intact reflected
£ 50 59 precursor ions at the detector 1dg,, = Ug was known from
é’ 4 the GI-SID spectrum, a calibration factok could be
% 25 120 calculated by
oL w) . . R A= p—tO
VAl

1004 (c) detector position Il ] ) ) )
and the mass calibration of the GI-SID time-of-flight

-‘g 754 spectrum i <t < tp) was given by
[J]
E t —to\ 2
e 50 m/z_(A)'
&
L 254 120 The mass resolution of a GI-SID spectrum is mainly
L affected by the time spread of the precursor ion signal. Thus
o ma— LR S the mass resolution of the GI-SID spectra decreases with
1004 (d) detector position IV [M+HT" increasing mass of the precursor ions.
=z
@ 754 RESULTS AND DISCUSSION
[0}
£ o GI-SID effect
> 504
> . . . .
S The GI-SID phenomenon is exemplified in Fig. 4 by results
T 254 of collision experiments with protonated molecules of
\L RPPGFSP (bradykinin fragment 1-7) using a liquid film of
0 bk oy b perfluorinated hydrocarbons as collision surface. The
M+HT incidence anglés is plotted as a function of the converter

1007 (€) sum spectrum potentialU.o, (Fig. 4(a)). At an incidence angfe= 90° (i.e.

% 25 Ucon= Uy), grazing collisions of the peptide ions with the
5 i 3 surface are realized. The yield of secondary ions resulting
E % from ion/surface collisions is also shown as a function of
o %0 120 Ucon (Fig. 4(b)). The secondary ion yield was measured at
® the detector positions | and I, at which sputter ions and SID
£ 25 28 fragment ions were detected, whereas metastable fragment
18 N o ions and intact scattered or reflected precursor ions were not
Ob 1000 2000 3000 4000 detected. The mean values and standard deviations given

here were obtained by averaging the secondary ion yield
over 22 laser shots for each value Of,, In order to
Figure 3. Single GI-SID spectra taken at different detector positions €eliminate the influence of sample inhomogeneity, 22 laser
(panels a—d) and the resulting summed GI-SID spectrum (panel e) of shots were successively fired on an initially fresh sample
the protonated dipeptide FR. The further the detector was moved spot, and after each laser pulse the secondary ion yield was

outwards, the larger the fragment ions detected. This observation can . .
be easily explained, since fragment ions have inherited the precursord(:"termIned and the value b, was changed before firing

ion velocity component perpendicular to the converter field direction. the next laser pulse. This procedure was repeated for 21
At detector position IV (panel d) even intact reflected precursor ions further sample spots, for which each series of measurements
were detected. The collision surface used here was aluminum. was started with a different value of.n,

At low converter potentials and thus at steep incidence
angles of the precursor ions, the secondary ion spectra
consisted of ions which were sputtered from the perfluori-
nated surface, i.e. [CF] [CF3] ", [CoF4] ™ and [GF/] ™ (Fig.

In Fig. 2 the performance of the mass selection method 4(c)). Additionally, protons were generated in ion/surface
using a pulsed deflection voltadédseq is exemplified by collisions at steep incidence angles. The conclusion that
polyethylene glycol (PEG) 1000. these protons were not sputtered ions but SID fragment ions

TOF (ns)

Measurement protocol and mass calibration
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1658 GRAZING INCIDENCE SID OF PEPTIDE IONS GENERATED BY MALDI

90°1 (a) decrease irE; (linear to U, leads to a large nonlinear
increase in the incidence angl€Fig 4(a)). Additionally, in
60° previous experiments, the GI-SID phenomenon was ob-
served for a wide range of grazing incidence collision
energie€E..>*3>Thus, in the first place, the GI-SID effect is
an effect of the incidence anglg. Nevertheless, the
‘collision’ energy E. at grazing incidence influences the
0° . . : ; . : ; : yield of GI-SID fragment ions, since the GI-SID fragmenta-
LTS T A tion probability depends on the velocity of the precursor
gonverier potenta ions which slide along the surfadé

30°

incidence angle p

co

(b)
100 . .
GI-SID spectra of dipeptides

751 In an initial set of experiments, GI-SID spectra of various

dipeptides were taken, since their interpretation was
expected to be more straightforward than those of larger
. peptides. Figure 5 shows the GI-SID spectra of the
251 i [ R ﬁ protonated dipeptides RR, PR, FR and YR using aluminum
- B as collision surface. The GI-SID spectrum of RR in Fig. 5(a)
00 S A exhibits peaks an/z43, 44,59, 70, 73 and 87. In the GI-SID
! converter potential / kV : spectrum of PR (Fig. 5(b)), the peakratz70 is much more
; ; pronounced in comparison with that of RR. This increase is
obviously caused byN-terminal a;-fragment ions corre-
sponding to immonium ions of proline. The GI-SID
spectrum of FR (Fig. 5(c)) yields additional peaksnafz
77,91, 104 and 120. The latter peak releasetitigrminal
L a;-fragmentation corresponds to immonium ions of phenyl-
" | CF’ 27 43 alanine, whereas the other peaks are caused by side-chain
1 fragmentation. In the GI-SID spectrum of YR (Fig. 5(d)),
0

[$4]
(=]

1
e

secondary ion yield

a

o

(=]
n
w

~
[4;]
1

ion signal
[42)
?

N
wm

, : : the fragment ion peaks an/z 107, 119 and 136 were
50 100 150 produced by side-chain fragmentation aNderminal a;-
m/z miz fragment ions (immonium ions of tyrosine), respectively.

Figure 4. The GI-SID phenomenon exemplified by results of ion/ 1h€ Side-chain fragments of both phenylalanine and
surface collision experiments using protonated RPPGFSP as thetyrosine can be understood easily by the structure of the
precursor ion and a liquid film of perfluorinated hydrocarbons as respective amino acid residue. The typical fragmentation
O, S R b 1 oo et o oy e PAIE produced by argininen(z59, 70, 73 and 87) was
overall &/ield of secor?dary cations (b)pangJ given as functions of the O.bseryed n the. Gl'.S“D §pectra of all arginine-containing
converter potentialgon, The secondary ion spectra at low converter dipeptides studied in this work. Presumably, they were
potentials and thus at steep incidence exhibit ions which were sputteredobserved at high abundances because of the ability of
from the perfluorinated surface (c). The significant maximum of the arginine to stabilize positive charge at a number of different
secondary ion yield at grazing incidencé<90%) was caused by  gjtes put it is unclear whether they were formed by
fragment ions in the low mass-to-charge region (spectrum d). fragmentation of immonium ions or by alternative path-

ways394° In this regard it may be noteworthy that

immonium ions of arginineni/z129) were not observed

in the GI-SID spectra of arginine-containing dipeptides. GI-
was discussed in a recent papéwith increasing converter  SID experiments with other dipeptides (GR, HR, IR and LR)
potentials and thus increasing incidence anglethe yield yielded analogous results.
of sputter ions decreased, whereas the yield of SID fragment Immonium ions did not exclusively arise &sterminal
ions increased drastically close th,; resulting in a sharp  &-ions in the GI-SID process. For example, the GI-SID
and intense maximum at grazing incidence (Fig 4(b)). The spectrum of RF (not shown here) also exhibits immonium
mass spectrum of the GI-SID fragment ions causing this ions of phenylalanine ain/z120. Nevertheless, they were
maximum is shown in Fig. 4(d) and will be discussed later in observed at a lower relative abundance in comparison to
connection with Fig. 6. Analogous curves of the secondary those in GI-SID of FR.
ion yield — with a pronounced maximum at grazing The observed GI-SID fragment ions are known in part
incidence — were observed for all peptide ions studied. from other fragmentation methods, too. For example, the
Thus the steep increase in the fragment ion yield close to thefragmentsm/z59, 70, 73 and 87 appear also in high-energy
grazing incidence condition (GI-SID effect), observed CID spectra of arginine-containing peptid®s,°m/z70 and
before in experiments with various kinds of precursor 87 occur as arginine-related fragment ions in MALDI-PSD
ions3'32also occurs for peptide ions. Converter potentials spectra alsd.But it is important to note that the GI-SID
at which GI-SID ions were observed covered a range of process also yields additional fragment ion types relative to
about 150V (FWHM), which is assumed to be caused established fragmentation techniques. For example, the
mainly by the divergence of the precursor ion beam. Of side-chain fragment ions of phenylalanima/£77, 91, 104)
course a variation inJ.., also caused a change in the and tyrosine /z 107, 119) occur at significantly lower
collision energyE.. But one has to take into consideration relative abundances or not at all in high-energy &lbr
that close tdUg a small increase itlcon and thus a small  MALDI-PSD spectra. However, such comparisons of

Rapid Commun. Mass Spectrobd, 1654-1661 (2000) Copyright) 2000 John Wiley & Sons, Ltd.
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Figure 5. GI-SID spectra of the protonated dipeptides RR, PR, FR, and
YR. The collision surface used here was aluminum.

spectra obtained by different instrument types have to be
interpreted with caution, since relative abundances in
fragmentation spectra can be influenced by experimental
conditions, especially by discrimination against fragment
ions in the low mass-to-charge region.

GI-SID spectra of oligopeptides
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Figure 6. GI-SID spectra of protonated PPGFSP (bradykinin fragment
2-7) and protonated RPPGFSP (bradykinin fragment 1-7) using a
liquid film of perfluorinated hydrocarbons as collision surface. Note
the logarithmic scale of then/zaxis.

chain fragment ions of arginine and thus their appearance in
the GI-SID spectrum of RPPGFSP could be explained, their
origin in the GI-SID spectrum of the arginine-free PPGFSP

is not understood.

Apart from these fragment ions in the low mass-to-charge
region, no additional fragment ions were observed, in
particular noN-terminal fragment ionsa(-, b-, c; andd-type
ions), C-terminal fragment ionsx¢, y-, ztype ions) or
internal fragment ions, which are all typical and abundant
exponents in fragmentation spectra of established MS/MS
methods such as CID, MALDI-PSD or normal SID. This
observation is also valid for further peptides studied in this
work, e.g. RRR, RRRR, YGGFL (leucine enkephalin),
RPPGFSPFR (bradykinin), or RPKPQQFFGLM-pEub-
stance P). For example, the GI-SID spectrum of leucine
enkephalin (shown in Fig. 7) is dominated by immonium
ions (M/z136) and side-chain fragment ions\/z 107) of
tyrosine, and immonium ions of phenylalaninma/g120).

GI-SID spectra of the isomeric peptides LR and IR

The differentiation of isobaric amino acid residues is
generally difficult or impossible in peptide sequencing by
tandem mass spectrometry due to the dominance of
fragment ion series of the peptide backbone. For this

In further experiments larger peptides were considered. purpose, the observation of side-chain specific fragment
Figure 6 shows the GI-SID spectra of PPGFSP (bradykinin ions (mostlyd- or w-type ions) has proven to be crucfalin
fragment 2—-7) and RPPGFSP (bradykinin fragment 1-7). this regard, the comparison of the GI-SID spectra of the
The GI-SID spectrum of PPGFSP is dominated by a peak atisomeric peptides LR and IR given in Fig. 8 may be
m/z70, presumably caused Bterminala;-fragment ions interesting. The GI-SID spectrum of IR exhibits a clear peak
corresponding to immonium ions of proline. The GI-SID atm/z57 which is not present in the GI-SID spectrum of LR.
spectrum of RPPGFSP exhibits additional peakm&59 The additional appearance of this peak in the GI-SID
and 87, obviously caused by fragment ions of the arginine spectrum of IR is obviously due to fragment ions resulting
residue added on thé-terminal side. Whereas the fragment from dissociation of the &C” bond (backbone carbon
ions atm/z 43 were expected to correspond also to side- designated:) of the isoleucine side chain in contrast to the

Copyright© 2000 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectroid, 1654-1661 (2000)
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Figure 7. GI-SID spectrum of protonated YGGFL (leucine enkepha- 751
lin) using aluminum as collision target surface. =
g 50
£
favored dissociation of the/8C” bond of the leucine side 25
chain.
To our knowledge, this fragmentation pathway of 0
isoleucine residues has not been reported for other 20 30 40 50 60 70 80 90
fragmentation methods. The observed reproducible differ-
. . _ . . m/Z
ence in their GI-SID spectra allows one to distinguish

between the isomeric peptides LR and IR. This result may Figure 8. Comparison of the GI-SID spectra of the isomeric protonated
be conceived as a hint that the GI-SID process yields dipeptides LR and IR using aluminum as collision surface.
additional fragment ion types in the low mass-to-charge

region, which may be helpful in the primary structure

analysis of peptides. Of course, this conclusion is pre-

liminary, since only dipeptides were investigated in this kinetic energies of 350 eV. The results obtained in this work

experiment. show that the GI-SID effect, i.e. the strongly enhanced
fragmentation yield at grazing incidence, also occurs for
Conversion efficiency peptide ions. The GI-SID spectra of peptides are dominated

by N-terminal a;-type fragment ions, immonium ions and
The conversion eﬁiciency of aSID process is defined as the side-chain fragment ions in the low mass-to-charge region_
sum of fragment ion abundances divided by the total Apart from a;-type ions, backbone fragment ions were not
primary ion abundance. The values measured in different gphserved.
SID instruments employing various precursor_ions and  The observation that only small fragment ions appear in
surfaces fall in a wide range from 1 to 66 %2"*!In the GI-SID spectra leads to the conclusion that the GI-SID
previous GI-SID experiments using hexadecylpyridinium fragmentation of a precursor ion M either results
and verapamil ions generated by fission fragment desorp-exclusively in small charged fragmentsfand correspond-
tion as precursor ions and a |IQU|d film of perfluorinated mg |arge neutral fragments of type [M_Fr], or the precursor
hydrocarbons as collision surface, conversion efficiencies of jon undergoes multiple bond cleavages preventing the
40-70% were measurédlt was difficult to obtain absolute formation of large fragment ions. In the frame of the GI-SID
values of the conversion efficiency in the MALDI/GI-SID model the latter is more probab]e_ The GI-SID model is
instrument used in this work. Nevertheless, the GI-SID based on resonant excimol excitation of identical dipole
fragment ion intensityy obtained forUcon=Ug; relative to groups in substructures of the molecule. In the case of
the primary ion intensityl, obtained forUc,,= —4500 V peptide molecules such substructures are present in the side
(ratio I¢/1p) yields a rough estimation of the GI-SID chains. Because of the resonant behavior of the excimol
conversion efficiency, which allows one to compare the excitation process, a maximum uptake of internal energy is
conversion efficiencies of different peptide ions. First expected forave|0city range, which depends on the excimol
experiments employing this procedure with various dipep- energy and on surface Coulomb parameters. The velocities
tide precursor ions and aluminum as collision surface of the grazing peptide precursor ions employed in this work
yielded values ofy/l,, ranging from (24+ 4) % for PR 0 are close to this resonant velocity range resulting in a high-
(49+11) % for RR. The mean values and standard energy accumulation and likely to multiple bond cleavages.
deviations given here were obtained by averaging over For velocities far from the resonant velocity a lower uptake
several laser shots (typical 16, figrand 30 forls) each fired  of internal energy is expected, possibly with the conse-

on a different spot of the sample. quence that high mass fragment ions are also generated.
GI-SID spectra of the isomeric peptides LR and IR show
CONCLUSIONS that it is possible to distinguish between leucine and

isoleucine by means of their different GI-SID fragment
In the experimental setup described here matrix-assistedions in the low mass region, indicating that GI-SID may
laser desorption/ionization has been combined for the first yield additional fragmentation pathways and thus additional
time with surface-induced dissociation (SID) to study the information, which could facilitate peptide sequence
grazing incidence SID (GI-SID) of protonated peptides with determination in certain cases. Further studies will be
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performed to improve our understanding of the GI-SID 15
process and with it knowledge of fragmentation mechan-
isms of polyatomic molecules, in particular of peptide ions.
In the future, we also intend to enhance the performance
of our MALDI/GI-SID device, especially the mass resolu-
tion of the GI-SID spectra. In this regard the application of a
collision device using delayed extraction to improve the

resolving power for ion/surface collision products, as ,q

proposed in a recent pap¥r,seems to be a promising
starting point.
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