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y- and b-type fragment ions produced in the collisional dissociation of arginine-terminated 
peptide ions are photodissociated with 157-nm light in a linear trap. y-type ions are shown to 
have the same structure as that of intact peptides of the same sequence with the ionizing 
proton located at the most basic residue(s). For generic b-type ions, the ionizing proton is 
shown to be sequestered at the N-terminal arginine, which is consistent with the proposed 
oxazolone structure. (J Am Soc Mass Spectrom 2008, 19, 695–702) © 2008 American Society 
for Mass Spectrometry 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Low-energy collision-induced dissociation (CID)
of singly protonated peptides produces primarily
y- and b-type ions and is generally well described

by the mobile proton model, in which an ionizing
proton moves to backbone amides and facilitates back-
bone cleavage [1–4]. Although formation of b-type
ions obviously requires that the ionizing proton
moves to the N-terminal fragment and formation of
y-type ions requires that it goes to the C-terminal
fragment, the structures for these fragment ions are still
under investigation. 

It is generally accepted that the composition of
y-type ions is that of truncated peptides of the same
sequence. However, the position of the ionizing proton
remains unclear. Biemann and colleagues originally
proposed that the ionizing proton of y-type ions was
located at their N-termini (Scheme 1a) [5, 6]. This
structure has often been cited [7–10]. 

Subsequently, they proposed a more general struc-
ture with various possible protonation sites (Scheme
1b) [11] and this has also been cited [4, 12]. This general
structure has a peptide-like backbone frame with the
ionizing proton at various positions, corresponding to a
set of peptide ionic isomers. However, no experiments
have elucidated which of these isomers is the preferred
y-ion structure. 

There is some disagreement in the literature regard-
ing the structure of b-type ions. Two generic structures
have been proposed: the acylium ion and the proton-
ated oxazolone ion (Scheme 2) [11, 13]. 

The acylium ion structure—first proposed based on
classical electron impact (EI) spectra [14]—is consistent
with the loss of CO upon further activation to form
a-type ions. However, this structure cannot explain the

Address reprint requests to Dr. James P. Reilly, Indiana University, Depart-

ment of Chemistry, Chemistry Building, 800 E. Kirkwood Ave., Blooming-
ton, IN 47405-4001. E-mail: reilly@indiana.edu 

© 2008 American Society for Mass Spectrometry. Published by Elsevie
1044-0305/08/$32.00 
doi:10.1016/j.jasms.2008.01.011 
relative deficiency of b1 ions in CID spectra of peptides
since b1 acylium ions would be expected to be as stable
as other b-type ions of this structure [15]. Furthermore,
theoretical calculations indicate that the acylium ion
structure is not thermodynamically stable given that the
loss of CO to form a-type ions is exothermic [15]. The
oxazolone structure was first proposed by Hunt and
colleagues [13]. Extensive ab initio calculations have
indicated the high stability of this structure [16]. Recent
spectroscopic and theoretical evidences for oxazolone
formation have been obtained by infrared multi-photon
dissociation (IRMPD) spectroscopy in a Fourier trans-
form ion cyclotron resonance (FT-ICR) mass spectrom-
eter [17]. Because the acylium structure has a fixed
charge located at the C-terminus and the oxazolone ion
has a mobile ionizing proton, determination of the
charge location in b-type ions should therefore enable
these two structures to be differentiated. Recently, a
cyclic structure for b-type ions has been proposed by
Paizs and coworkers based on sequence-scrambling
fragmentation along with IR spectroscopy results in an
FT-ICR mass spectrometer [18, 19]. However, this cyclic
structure is produced in low abundance in beam-type
CID performed in a quadrupole time-of-flight (Q-TOF)
type mass spectrometer. This implies that the long
timescale of sustained off-resonance irradiation (SORI)
CID in the FT-ICR offers b ions ample opportunity to
form the cyclic structure [19]. To check whether the
cyclic b ions are produced in ion-trap CID, b ions will be
fragmented by both CID and photodissociation and
evidence of sequence-scrambling fragmentation indica-
tive of the cyclic structure will be sought. 

Theoretical prediction of charge location in gas-
phase peptide ions is difficult because the protonation
process is affected by various factors including amino
acid proton affinity, peptide global conformation, and
internal energy of ions [20]. Even though basic amino

acids are normally regarded as the preferential proto-
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nation sites [21], this prediction can often be wrong
since the peptide conformation and intramolecular in-
teractions might favor protonation at other sites [22, 23].
Experimental identification of protonation sites is also
challenging because protons are really labile and ap-
pear to be easily mobilized upon activation [3]. Preser-
vation of the proton location is therefore the key to a
successful experiment. 

Tandem mass spectrometry (MS/MS) techniques
have been widely used to determine molecular struc-
tures based on the resulting fragment ions. To localize
labile protons in peptide ions by MS/MS, the applied
fragmentation method should not disturb the ionizing
protons. Only a few fragmentation techniques meet this
requirement. High-energy CID was first applied to
probe protonation sites in peptide ions by Biemann and
coworkers based on the observation that protons bound
to a basic site in a peptide appeared to be sequestered
during the high-energy fragmentation event [1, 24].
The interpretation was that high-energy CID is a
charge-remote fragmentation that did not involve the
ionizing proton(s). Electron capture dissociation
(ECD) is another fragmentation technique introduced
by McLafferty and colleagues to investigate multiply
charged protein ions [25]. Through a dissociative elec-
tronic state, ECD does not mobilize protons during
backbone fragmentation. Protonation sites in gaseous
protein and peptide ions can therefore be identified by
charge-state differences of consecutive c- or  z-fragment
ions [26, 27]. However, this method cannot be applied
to singly charged ions since ECD requires multiply
charged precursors [25]. Furthermore, IRMPD spectros-
copy in an FT-ICR mass spectrometer has been recently
used to probe gaseous ion structures by matching
experimental IR absorption spectra against theoretical
spectra of calculated structures [17, 28]. Protonation
sites can be assigned by different bending modes of
OOH and NOH bonds in the IR spectra. However, this
method requires high-level theoretical calculations on
peptide conformation and energetics. 

Although Biemann and associates demonstrated that
high-energy CID was capable of localizing a peptide
charge, their experiment involved a multiple-sector
mass spectrometer to probe fragment ion structures [24,
29]. To perform MSn experiments to elucidate molecular
structures, ion trap mass spectrometers are now com-
monly used. However, CID in the ion trap is a low-
energy process that cannot be used to determine the

Scheme 1 
charge location in peptide ions since collisional activa-
tion mobilizes the ionizing proton before backbone
cleavage [3, 30]. Moreover, 157-nm photodissociation
can also be performed in an ion trap and considerable
evidence suggests that it involves high-energy charge-
remote peptide fragmentation [31–33]. When an argi-
nine is present at the N- or C-terminus, it produces
primarily N- or C-terminal fragments, respectively. On
the other hand, for peptides without arginine, such as
lysine-terminated peptides, it produces both N- and
C-terminal fragments [32]. The simplest interpretation
is that arginine sequesters the proton and the distribu-
tion of photofragment ions therefore reflects the initial
charge location; when the charge is mobile, both N- and
C-terminal fragments are produced. Therefore in
157-nm photofragmentation, observation of only N-
terminal or C-terminal fragments indicates that the
proton is sequestered on arginine; observation of both
N- and C-terminal fragments would implicate a mobile
proton that could be on any basic site. Based on these
observations, we should be able to use 157-nm photo-
dissociation to determine whether the proton on a singly
charged peptide ion is indeed sequestered. In this work,
we study not only intact peptide precursor ions, but, by
exploiting the MSn capability of the ion trap we also
investigate charge location in peptide fragment ions gen-
erated from low-energy collision-induced dissociation. 

Experimental 

Materials 

Peptides RFSWGAEGQ and RYLGYLE were purchased
from Sigma (St. Louis, MO, USA). All other arginine-
containing peptides were synthesized by Sigma Geno-
sys (The Woodlands, TX, USA). Methanol (MeOH) was
obtained from Mallinckrodt Baker, Inc. (Phillipsburg,
NJ, USA). Acetonitrile (ACN) was purchased from
EMD Chemicals, Inc. (Gibbstown, NJ, USA). Formic acid
(FA) and acetic acid were obtained from Fluka Chemika
GmbH (Buchs, Switzerland). Carboxypeptidase Y (CPY)
was purchased from Worthington Biochemicals (Lake-
wood, NJ, USA) and Carboxypeptidase P (CPP) was
bought from Takara Mirus Bio (Madison, WI, USA). 

Carboxypeptidase Digestion 

To shorten some of our prototype peptides, a car-
boxypeptidase digestion protocol was adapted from
our previous work [34]. In brief, 100 M peptide
Scheme 2 
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solutions were prepared in pyridine acetate buffer (pH
5.5). Five microliters of a solution containing 0.60 g of
CPY and CPP or 1.20 g of CPY and CPP enzymes in
pyridine acetate were then added. Digestions were
performed at room temperature or at 37 °C. Aliquots were
removed at several time points and acidified with 2%
formic acid solution to quench the reaction. Peptide solu-
tions were dried by a speed vac and stored in a freezer. 

Mass Spectrometry 

An LTQ linear ion trap mass spectrometer (Thermo-
Fisher, San Jose, CA, USA) was used in this work for
both CID and photodissociation. The photodissociation
experiments were set up as previously reported [33, 35].
Briefly, peptides were ionized by electrospray. Singly
charged precursor ions were isolated for photodissocia-
tion. An F2 laser (EX100HF-60, GAM laser, Orlando, FL,
USA) generated light pulses that were introduced axi-
ally into the trap from its back side through an aperture
(1.7 mm). It was triggered by the LTQ’s activation
signal, producing a 3-mJ, 10-ns pulse of 157-nm vacuum
ultraviolet (VUV) light. After aperturing, only about
40 J of light actually entered the ion trap. Since the
diameter of apertured light (1.7 mm) is much smaller
than that of the ion cloud in the ion trap (about 4 mm)
[36], only a small portion of ions can be irradiated.
Typically, one laser pulse is used for each photodisso-
ciation. All resulting fragment ions were scanned out to
the dual detector as in its normal operating mode. 

The ultraviolet light can photoionize some organic
contaminants in the vacuum system, giving rise to
reproducible photoionization products. This has been
confirmed by the observation of such products without
the introduction of analytes [33]. To remove these
artifacts, background spectra were taken without inject-
ing sample right after each experiment and subtracted
from photodissociation spectra. 

In this work, a combination of conventional low-
energy CID and photodissociation was used to probe
CID fragment structures. In a typical experiment, pep-
tides were prepared in 2 M solutions with 49.5% H2O,
49.5% ACN, and 1% of acetic acid and were directly
infused into the electrospray ionization (ESI) source using
a syringe pump. The flow rate was set at 3 L/min.
Peptide ions were first dissociated by low-energy CID to
produce y- and b-type fragment ions. An activation time
of 30 ms was set for the collisional activation. CID
fragment ions were then isolated and subsequently
photofragmented. The activation time in the MS3 stage
was set at 30 ms. Background subtraction was per-
formed for every photodissociation spectrum. 

Results and Discussion 

Generic y-Type Ions 

Most protein identification techniques involve fragmen-

tation of tryptic peptides [8]. CID of these tryptic 
peptides generates many y-type ions along with a few
b-type ions. Several doubly charged peptide ions with
arginine at their C-termini were collisionally dissoci-
ated and the resulting y-type fragment ions were then
photodissociated. Results for the y6 fragment ion gen-
erated by CID of doubly charged peptide SAASINSR
ions are displayed in Figure 1a. (The labeling indices for
our MS3 spectra refer to the sequences of the CID
fragment ions, not those of the precursor ions. For
N-terminal fragments formed in the photodissociation
of C-terminal fragments, this obviously makes a differ-
ence.) Typical of photofragmentation spectra of pep-
tides with arginine at their C-termini [31–33], dominant
C-terminal fragment ions are observed, including a
contiguous series of x-type ions extending from x1 to x4

along with some y-, z-, v-, and w-type ions. All of the
fragments observed in this spectrum are consistent with
retention of the ionizing proton at the C-terminal argi-
nine after photoexcitation. This can be explained by two
possible photofragmentation pathways. One is that the
proton is sequestered on the arginine before photoexci-

Figure 1. Photodissociation spectra of singly charged (a) y6 ions
produced by collisional dissociation of doubly charged SAA-
SINSR ions and (b) peptide ASINSR ions. CID spectra of singly
charged (c) y6 ions produced by collisional dissociation of doubly
charged SAASINSR ions and (d) peptide ASINSR ions. The

asterisk (*) symbol denotes loss of ammonia in all figures. 



 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 

 
 
 
 
 

 

 

 

 
 
 
 
 
 

 
 
 
 

 

 
 

 

 
 

 
 
 
 
 
 
 

 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 

 
 

698 ZHANG AND REILLY J Am Soc Mass Spectrom 2008, 19, 695–702 
tation and it remains sequestered afterwards. The other
is that the proton is not sequestered on arginine initially
but it migrates to arginine after photoexcitation. We
favor the first hypothesis. If a proton were mobilized by
photoexcitation, it would not be trapped on arginine
because the ion would be highly internally excited (the
157-nm photon energy is 7.9 eV) and the system will not
be trapped in its lowest energy state unless energy is
removed by collisional cooling with a third body. As
demonstrated in our previous work, when the charge
proton is not sequestered, photofragmentation pro-
duces both N- and C-terminal fragments [32]. Analo-
gously, if the proton were mobilized during photofrag-
mentation of y-type ions, both N- and C-terminal
fragments would be expected. The fact that no N-
terminal fragments have been observed strongly sug-
gests that the proton is sequestered on arginine when a
y-type ion is photofragmented. 

To compare the structures of y-type ions with those
of peptides of the same sequence, several truncated
peptides were synthesized and then photodissociated.
For example, Figure 1b displays the photodissociation
spectrum of peptide ASINSR that has the same se-
quence as that of the y6 ion just discussed. It is virtually
identical to that in Figure 1a with the same y-, z-, v-, and
w-type ions. The spectral similarity confirms that the
y-type fragment ion has the same structure (and in
particular charge location) as that of the corresponding
peptide. 

Spectra obtained by collisionally dissociating y6 frag-
ment ions derived from SAASINSR and peptide
ASINSR ions are shown in Figure 1c and d, respec-
tively. Both of these CID spectra contain b- and y-type
ions, internal fragments along with a number of unin-
terpretable components. Loss of H2O, NH3, or both is
commonly observed for the fragment ions, complicat-
ing the spectra. The detection of both N- and C-terminal
fragments is typical of “thermal processes” in which
activation energy is dispersed throughout the molecule
and backbone bond cleavage is induced by a “mobile
proton” [3, 4]. The charge location cannot be discerned
from these spectra presumably because there is no single
fixed location after collisional activation. 

Effect of the Charge State of Peptide Ions on y-
Type Ion Structures 

Enhanced charge-remote fragmentation at acidic amino
acids has been observed for singly charged peptides but
not their doubly charged counterparts [37]. Therefore, it
is of interest to investigate whether the charge state of
peptide precursor ions affects the structure of CID-
generated fragment ions when cleavage occurs at these
locations. 

Both singly and doubly charged peptide EGVND-
NEEGFFSAR ions were collisionally dissociated and the
resulting y7 ions were then photodissociated. Results

are displayed in Figure 2a and b. In the accessible mass 
region, contiguous x-type ions extending from x2 to x6

are observed along with a few w-, v-, and y-type ions.
The ubiquity of C-terminal fragments implies that y7

ions bear the ionizing charge at the C-terminal arginine.
The data clearly demonstrate that y7 ions generated
from singly and doubly charged peptide ions have the
same structure. Furthermore, other y ions produced by
the aspartic acid effect including y6, y9, and y13 were
also photodissociated. Results were similar to those
obtained with y7 ions. For the singly charged peptide
ions, the generation of y7 ions is induced by charge-
remote fragmentation, in which the side-chain carbox-
ylic acid of glutamic acid facilitates the backbone cleav-
age and the charge proton is sequestered on arginine
[37, 38]. Therefore, the resulting y7 ions bear the charge
on arginine. On the other hand, the doubly charged
peptide ions have two ionizing protons: one is seques-
tered on arginine and the other is mobile [3, 4]. Whether
the peptide backbone fragmentation is induced by the
side-chain carboxylic acid or the mobile proton, the pro-
ton on arginine remains sequestered during the formation
of y-type ions. Therefore, for peptides containing acidic
amino acids, it is reasonable that y-type fragments have
the same structure even though they might have arisen
from different precursor ions that fragment in different
ways. 

Other y7 ions generated from collisional dissociation
of singly charged and doubly charged FSWGAEGQR
were photodissociated and their spectra are displayed
in Figure 3a and b. Again the spectra are essentially
identical and contain a contiguous series of x ions along
with a few v-, w-, and y-type ions. All of these fragments
correspond to charge retention on the C-terminal argi-
nine. It confirms that the y-type fragment ion structure
is not affected by the charge state of the precursor ion.
It is widely accepted that low-energy CID is facilitated

Figure 2. Photodissociation spectra of singly charged y7 ions
produced by collisional dissociation of (a) singly and (b) doubly
charged EGVNDNEEGFFSAR ions. 
by a mobile proton [1–4]. Based on this, the collisional 
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dissociation of singly charged peptide should produce
y-type fragment ions with the charge at the N-terminal
amine. However, we have shown that at the time of
photofragmentation, the ionizing proton in y-type frag-
ment ions resides at the C-terminal arginine. Presum-
ably this results from a proton migration process although
it is still not obvious whether this occurs right after the
collisional dissociation or during y-ion isolation. 

Peptide WGAEGQR has the same sequence as that of
the y7 fragment from the previous example. The photo-
dissociation spectrum of the singly charged peptide in
Figure 3c is essentially identical to spectra in Figure 3a
and b, confirming that the peptide and y-type fragment
ions have the same structure. 

It is noteworthy that in all of the Figure 3 spectra, an
N-terminal fragment, b6, appears. This is unexpected for
a peptide with a C-terminal arginine and it may result
from enhanced backbone amide bond cleavage involv-
ing the ionizing proton on the adjacent C-terminal
arginine. 

Photofragmentation of more than a dozen y-type
ions yielded results similar to those of the previous
three examples. The ionizing proton in y-type ions is
located on the arginine and their structures are like
those of peptides of the same sequence. This is analo-

Figure 3. Photodissociation spectra of singly charged y7 ions
produced by collisional dissociation of (a) singly and (b) doubly
charged FSWGAEGQR ions. (c) Photodissociation spectrum of
singly charged WGAEGQR. The double asterisks (**) denotes loss
of two ammonias. 
gous to y-type ions generated from charge-tagged pep-
tides, in which the charge is always sequestered on a
C-terminal charge tag [39]. 

y-Type Ions with More Than One Protonation Site 

Both singly and doubly charged peptide AAPAAAR
were collisionally dissociated and the resulting y5 ions
were then photodissociated. Results for photodissocia-
tion are displayed in Figure 4a and b. It is obvious that
the two photodissociation spectra are essentially iden-
tical, each consisting of a series of C-terminal fragments
including x-, v-, and y-type ions and several N-terminal
fragments including a- and b-type ions. As shown
before, the x- and v-type ions result from retention of
the charge on arginine. However, the detection of
multiple N-terminal fragments including a- and b-type
ions indicates that the charge proton in some y5 ions is
not sequestered on arginine. Proline has a tertiary
backbone amine that is about 32 kJ mol1 more basic
than that of other amino acids, making it an attractive
protonation site [21, 40]. However, it is noteworthy that
most of the observed N-terminal fragments are b-type
ions that are not abundantly produced during photo-
dissociation of peptides with an N-terminal arginine.
This indicates that the ionizing proton on the proline is
not sequestered as it is on the arginine. It is still not
obvious whether the proton migration process occurs
before CID or only after the collisional activation.
Previous theoretical calculations showed that proton

Figure 4. Photodissociation spectra of singly charged y5 ions
produced by collisional dissociation of (a) singly and (b) doubly
charged peptide AAPAAAR ions. (c) Photodissociation spectrum

of singly charged PAAAR ions. 
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migration in the gas phase requires relatively little
energy (about 23 kcal mol1) [25, 40]. Therefore the
ionizing proton could migrate in an ion trap since this
energy barrier can be overcome during regular ion trap
operation. 

The photodissociation spectrum of singly charged
PAAAR peptide ions is displayed in Figure 4c. It is
essentially identical to that of the y5 ions and contains
both C-terminal and N-terminal fragments. Williams
and colleagues reported that proline and some other
non-basic residues can also be protonated during ESI of
peptides and proteins [22, 41]. Our fragmentation re-
sults indicate both proline and arginine residues are
protonated during ESI, which is consistent with the
previous observations. 

The position of the ionizing proton in y-type ions
terminated with basic amino acids, including histidine
and lysine, was also investigated. y6 ions generated
from both GDHGGGGR and GDKGGGGR were photo-
dissociated. Similar to Figure 4, spectra are composed of
both N- and C-terminal fragment, indicating that the
ionizing proton is located on either arginine or the other
basic residue. These results are analogous to those
obtained from proline-terminated y-type ions. 

Generic b-Type Ions 

CID of peptides with an N-terminal arginine generally
produces abundant b-type ions. In an attempt to learn
about the charge location in these ions, several peptide
ions with N-terminal arginine were collisionally disso-
ciated and the resulting b-type ions were photodissoci-
ated. Data for the b8 fragment ion generated by CID of
doubly charged RFSWGAEGQ are displayed in Figure
5a. A contiguous series of a-type ions, extending from a2

to a8, and a few d- and b-type ions are observed. No
C-terminal fragments are present. All of these frag-
ments correspond to retention of the charge proton at
the N-terminus. The intense a8 ions associated with a
loss of CO from b8 ions are typical for b-type ion
fragmentation. The CID spectrum of the b8 ion is shown
in Figure 5b. It contains a few large a- and b-type ions in
the high-mass region, although below 600 Da no strong
peaks are present. The abundant production of b7 is
consistent with the previous report by Harrison and
colleagues [42]. Their work suggested that the cleavage
of the terminal residue is facilitated by the nucleophilic
attack of the next-nearest carbonyl on the terminal
oxazolone ring and bn ions therefore preferentially
fragment to form next-lower bn1 ions. The lack of small
bn in our CID spectra is presumably a consequence of
our use of an ion trap that resonantly excites only
precursor ions and therefore favors energetically pref-
erential fragmentation pathways. Harrison’s mecha-
nism involves a charged oxazolone ring structure that is
formed in low-energy collisional excitation during
which charge mobilization occurs. However, our detec-
tion of only N-terminal fragments in the 157-nm pho-

todissociation experiment indicates that the charge pro-
ton is sequestered on arginine and it is not mobilized by
photoexcitation. In addition, photodissociation evi-
dently introduces more energy, enabling many bonds to
be broken. 

For a comparison with the preceding results, pep-
tide RFSWGAEG was made by using carboxypepti-
dase to cleave the C-terminal glutamine from peptide
RFSWGAEGQ [34]. Its photodissociation and CID spec-
tra are displayed in Figure 5c and d. The photodisso-
ciation spectra of the peptide and the b8 ion are very
similar in the low-mass region. However, they vary
somewhat at high mass. For the peptide, both a81 and
a8 ions are observed. The a81 ion corresponds to
radical cleavage of a carboxylic group from either the
C-terminus or the glutamic acid side chain and the a8

ion is formed via loss of a hydrogen atom from the a81

Figure 5. (a) Photodissociation and (b) CID spectra of singly
charged b8 ions produced by collisional dissociation of doubly
charged RFSWGAEGQ ions. (c) Photodissociation and (d) CID
spectra of singly charged RFSWGAEG. 
radical ion [35, 43]. However, in the photodissociation 



 
 
 
 
 
 

 

 
 

 

 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

 
 
 

 

 

 
 
 

 

 
 

 
 

701 J Am Soc Mass Spectrom 2008, 19, 695–702 STRUCTURES OF Y AND B PEPTIDE FRAGMENT IONS 
spectrum of the b8 ion, no a81 ions are observed.
Instead, a8 ions are formed via loss of CO. The CID
spectrum of the peptide is also similar to the CID
spectrum of the b8 ion, except that no a8 ions are
observed from the peptide. Even though it is well
known that a peptide and a b-type ion of the same
sequence have different structures, our photodissocia-
tion results indicate that an N-terminal arginine seques-
ters an ionizing proton in both cases. 

It is noteworthy that our photodissociation and CID
results show no evidence of sequence-scrambling frag-
ments. It suggests that the ion trap CID of peptides does
not primarily produce cyclic b-type ions, although they
were abundantly produced in an FT-ICR mass spec-
trometer [19]. In the same work, Paizs and colleagues
also found that the cyclic b-type ions were not abun-
dantly produced by beam-type CID in a Q-TOF type
mass spectrometer and they attributed this to the short
dissociation timescale in the quadrupole instrument
compared to that in an FT-ICR [19]. Similar to quadru-
pole beam-type CID, the time period during which
collisional activation occurs in an ion trap CID process
(30 ms) is also much shorter than SORI CID in the
FT-ICR (a few seconds), which might disfavor the
formation of the cyclic b-type ions. In addition, b-type
ions investigated in this work contain an N-terminal
arginine that tends to sequester the charge proton,
which may also disfavor the cyclization process of
b-type ions. 

b5 ions generated from RLEQFG were photodissoci-
ated and the results are displayed in Figure 6a. A
contiguous series of a-type ions extending from a2 to a8,
and a few d- and b-type ions are observed. The distri-
bution of fragment ions confirms the retention of charge
at the N-terminus. In addition, enhanced side-chain
losses from E and F residues have been observed.
Similar side-chain fragmentation has been also ob-

Figure 6. (a) Photodissociation and (b) CID spectra of singly
charged b ions produced by collisional dissociation of doubly
5 

charged RLEQFG ions. 
served in UV dissociation experiments using either 193-
or 266-nm light [44, 45]. This has been attributed to the
strong absorption by the carboxylic and aromatic
groups on the amino acid side chain. Excitation of these
groups leads to a fast dissociation of side-chain COC

bonds. Our 157-nm photofragmentation displays this
same effect. The CID spectrum of the b5 ion is shown in
Figure 6b. Similar to Figure 5b, the tendency is to form
only high-mass fragment ions. Results are consistent
with charge retention on the N-terminal arginine. 

Photodissociation of more than a dozen b-type ions
with an N-terminal arginine yielded results similar to
spectra in Figures 5 and 6. The ionizing proton in the
b-type ions is at the N-terminal arginine residue. We
observed no evidence for an acylium structure that has
a fixed charge on its C-terminus. Even though the
initially proposed oxazolone structure had the charge
on the ring [13], the general oxazolone structure drawn
by Biemann has an ionizing proton that can be found
anywhere in the ion (Scheme 2) [11]. Our results indicate
that the ionizing proton is sequestered on the N-
terminal arginine. 

Conclusion 

Photodissociation of CID-produced fragment ions re-
veals rich structural information. y-type ions have the
structure of peptides of the same sequence with the
ionizing proton located at the most basic sites(s). When
more than one basic residue is present, ionic isomers
with different charge positions can be formed. Photo-
dissociation of generic b-type ions having an N-terminal
arginine reveals that the arginine sequesters the ioniz-
ing proton. No evidence for an acylium structure is
observed. 
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