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Mobile and localized protons: a framework for
understanding peptide dissociation
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Protein identification and peptide sequencing by tandem mass spectrometry requires knowledge of how peptides
fragment in the gas phase, specifically which bonds are broken and where the charge(s) resides in the products.
For many peptides, cleavage at the amide bonds dominate, producing a series of ions that are designated b
and y. For other peptides, enhanced cleavage occurs at just one or two amino acid residues. Surface-induced
dissociation, along with gas-phase collision-induced dissociation performed under a variety of conditions, has
been used to refine the general ‘mobile proton’ model and to determine how and why enhanced cleavages occur
at aspartic acid residues and protonated histidine residues. Enhanced cleavage at acidic residues occurs when
the charge is unavailable to the peptide backbone or the acidic side-chain. The acidic H of the side-chain then
serves to initiate cleavage at the amide bond immediately C -terminal to Asp (or Glu), producing an anhydride.
In contrast, enhanced cleavage occurs at His when the His side-chain is protonated, turning His into a weak
acid that can initiate backbone cleavage by transferring a proton to the backbone. This allows the nucleophilic
nitrogen of the His side-chain to attack and form a cyclic structure that is different from the ‘typical’ backbone
cleavage structures. Copyright  2000 John Wiley & Sons, Ltd.
KEYWORDS: peptide dissociation; surface-induced dissociation; mobile proton; enhanced cleavage; collision-induced
dissociation

INTRODUCTION
Gas-phase fragmentation of peptides has been investigated
for many years.1 – 3 This work has become more important
with the recent development of computer algorithms that
use protein and DNA databases to identify proteins. Certain programs make use of tandem mass spectrometry data
to generate sequence tags (short stretches of amino acid
sequence) that can be used to search databases of known
sequence.4 – 9 A powerful program, Sequest, makes use
of uninterpreted tandem mass spectra and compares those
spectra with ‘predicted’ spectra generated from sequence
stretches in the database that match the measured molecular mass (Mr ) of the ‘unknown’.10 – 13 It seems logical that
programs that are designed to produce sequence information from spectra could be improved if we could more
readily predict spectra from sequence. It is the goal of
much of our research to explain how peptides fragment
and why certain residues or residue combinations lead to
unusual cleavage pathways.14 – 20 The peptides that fragment in unusual ways generally are not sequenced well
by current algorithms and are not useful in protein identification. It is our hypothesis that these peptides could
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be used in peptide and protein identification if we could
understand peptide dissociation in enough detail to predict
which peptides will fragment in common vs uncommon
ways and to predict the main features of the corresponding
spectra.

MOBILE PROTON MODEL
Several research groups have contributed to the development of a general model for how peptides fragment
in the gas phase; it is the combined knowledge from a
large number of studies that effectively weaves together
to define and refine the mobile proton model.2,14,17,21 – 33
Our group began studies of peptide dissociation by applying the technique of surface-induced dissociation (SID),
an activation method for tandem mass spectrometry that
involves collisions of polyatomic ions into organic surfaces to cause the projectile ions to fragment14 – 20,25,34,35
(G. Tsaprailis, V. H. Wysocki, W Zhong, H. Nair and
J. Futrell, submitted for publication). Much of our early
work was designed to take advantage of the fact that SID
deposits a relatively narrow (few eV) distribution of energies into the ion population and that the average energy
deposited can be easily varied, allowing fragmentation
to be examined as a function of systematic changes in
internal energy. Until recently, all of this research was performed on a tandem quadrupole system, which introduces
the limitation that ions must fragment on a time-scale
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of a few microseconds (after collision but before entry
to the quadrupole) in order to be mass analyzed and
detected.
Several studies have been performed in which small
model peptides are dissociated at a variety of collision
energies.14,18,19,35 The peptide structure is systematically
changed so that amino acids of varying basicity are
included in the peptides. The population of different
protonated forms of a peptide depends on the internal
energy content of the peptide and the gas-phase basicities
of the different protonation sites of the peptide. When the
fraction of fragmentation is plotted against the collision
energy to produce a fragmentation efficiency curve, there
is a correspondence between the basicity of the most basic
amino acid and the collision energy required to induce
dissociation (on the time-scale of the instrument). These
results are consistent with the idea that fragmentation
of most protonated peptides requires the involvement
of a proton at the cleavage site, i.e. that the cleavages
are ‘charge-directed.’ If an amino acid side-chain tightly
binds or ‘sequesters’ a proton, energy will be required
to move that proton from the basic side-chain to the
peptide backbone to induce dissociation. That is, addition
of energy (e.g. by activation in tandem mass spectrometry,
MS/MS) alters the initial population of protonated forms
(mobilizes the proton) and increases the population of
protonated forms with energies higher than that of the
most stable structure. These protonated molecules exist as
a population of ions with the proton located at various
backbone heteroatoms; the protonation at the backbone
sites initiates charge-directed cleavages of the backbone to
produce b- and/or y-type sequence ions. It should be noted
that, although it is not stated explicitly throughout this
paper, a proton located at a particular basic site generally
will be solvated by other heteroatoms in the system, i.e.
there is a tendency to bury charge via intramolecular
solvation.36
The energy required for proton ‘mobilization’ from
a basic side-chain or the amino terminus depends on
the amino acid composition, with dissociation energy
requirements greatest for arginine-containing peptides and
decreasing in the order Arg-containing > Lys-containing >
non-basic, mimicking the order of decreasing gas-phase
basicity.14 In selected cases, more energy might be required
to mobilize the proton than is required to initiate ‘chargeremote’ fragmentation pathways (i.e. no proton involvement) and in those cases different fragmentation pathways
may be followed than is normally the case.
The mobile proton model was tested in our group in
several ways.14 – 16,18 – 20 Examples are shown in Figs 1
and 2. The top panel of Fig. 1 shows fragmentation
efficiency curves, plots of fraction of fragmentation vs
SID collision energy, for two peptides, RPPGFSPF and
PPGFSPFR, that differ in the location of arginine (R).
Singly charged des-R1- and des-R9-bradykinin show the
same high-energy onset for dissociation because in either
case the charge is sequestered at arginine (top right
curves labeled C1). When doubly protonated, RPPGFSPF shows a lower onset for dissociation than does
PPGFSPFR (Fig. 1A, left). In these peptides, the first
proton in each peptide can locate at the highly basic
arginine but the second proton is more tightly bound
in PPGFSPFR than in RPPGFSPF because the second
most basic site in PPGFSPFR is the proline at the
Copyright  2000 John Wiley & Sons, Ltd.

Figure 1. Fragmentation efficiency curves [(sum of fragment %
relative abundance)/(total % relative abundance)] for singly
and doubly protonated peptides that differ in the number
and locations of arginines (R). Spectra were acquired by
surface-induced dissociation on a tandem quadrupole mass
spectrometer. From Ref. 14.

amino terminus, a secondary amine. All sites, other than
R, in RPPFGSPF are less basic than the proline free
amino terminus in PPGFSPFR. When two arginines and
two protons are present (bottom curves), the onsets for
dissociation are higher and identical regardless of the
terminus on which the two Rs are located, consistent
with the two protons being ‘sequestered’ at the two
arginines.
Figure 2 shows fragmentation efficiency curves for peptides that were derivatized to contain a fixed charge. The
peptide without Arg (R), ϕ3 PC CH2 C(O)LDIFSDF, shows
very different onset energies for dissociation depending
on whether a proton is added or not, consistent with the
added proton being ‘mobile,’ i.e. available to induce dissociation, in [ϕ3 PC CH2 C(O)LDIFSDF C HC ]. When the
fixed charge, Arg, and an added proton are all present
in the fragmenting ion [ϕ3 PC CH2 C(O)LDIFSDFR C HC ],
the dissociation energy is higher than when the fixed
charge and an added proton are present in the absence of
arginine. This is consistent with sequestration or strong
binding of the added proton at the arginine, requiring
extra energy to be input to cause dissociation of this
ion compared with the fixed-charge ion with an added
proton but no Arg. Both Figs 1 and 2 and our published work on multiply protonated dendrimers34 address
the common misconception that doubly charged ions
fragment more easily than singly charged ions simply because of Coulombic repulsion. Doubly charged
J. Mass Spectrom. 35, 1399–1406 (2000)
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Figure 2. Fragmentation efficiency curves [(sum of fragment % relative abundance)/(total % relative abundance)] for three peptides
with a fixed charge at the amino terminus. The peptides differ in the number of charges and in the presence or absence of arginine
(R) in the sequence. The spectra were acquired by surface-induced dissociation on a tandem quadrupole mass spectrometer. From
Ref. 16.

RPPGFSPF fragments at a much lower collision energy
than singly charged RPPGFSPF, while doubly-charged
RRPPGFSPF fragments at a higher energy than either
singly or doubly charged RPPFGSPF (Fig. 1). It would
be difficult to explain these results with a Coulombic repulsion argument but the results are readily
explained by the mobile proton model (see above). Likewise, doubly charged [ϕ3 PC CH2 C(O)LDIFSDF C HC ]
has a significantly lower onset for dissociation than
does [ϕ3 PC CH2 C(O)LDIFSDFR C HC ]. Both are doubly
charged and differ in size by only one amino acid residue.
Strong binding of the charge at Arg, with intramolecular
solvation, readily explains the difference in dissociation
onsets.
Several papers have appeared that support the general
mobile proton model for peptide dissociation. Examples
come from the work of Harrison, Gaskell, Vaisar, Glish,
Russell, Vékey, Paisz and co-workers.21,24,28,32,33,37 – 39
The utility of the ‘mobile proton model’ is that it provides
a general framework for understanding and predicting how
peptides will dissociate in the gas phase. The ability to
predict dissociation is useful in the development of peptide
sequencing and protein identification algorithms that make
use of mass spectrometric data.
Where must the proton be located to initiate
backbone cleavages?
In the above discussion of the mobile proton model, it was
stated that protons are transferred intramolecularly from
basic side-chains to the heteroatoms along the backbone
in order to initiate backbone cleavages to produce, e.g. bn
and yn ions. The location of the proton after transfer to the
Copyright  2000 John Wiley & Sons, Ltd.

backbone was not stated explicitly because the location of
the proton on the backbone in the fragmenting structures
has not been clearly established. Scheme 1 shows two
possibilities. Protonation at carbonyl oxygens is more
logical because carbonyl oxygens of amide bonds are
more basic than amide nitrogens. With a proton at a
carbonyl oxygen, a nearby carbonyl (N-terminal to the
protonated carbonyl oxygen) can serve as a nucleophile
to attack the electropositive carbon of the protonated
carbonyl,40 resulting in a protonated oxazolone b ion
or, via an ion–molecule complex, a neutral N-terminal
fragment and a corresponding y ion.41 The accompanying
contributions by Schlosser and Lehmann,40 Wesdemiotis
and co-workers41 and O’Hair42 show mechanisms that
could involve protonation at amide nitrogen or carbonyl
oxygen. Although protonation on amide nitrogen is less
likely because of the lower gas-phase basicity of the
amide N, protonation at this site has been shown by
calculations to decrease significantly the C(O)—N bond
order suggesting facile cleavage of the amide bond.14,43
This cleavage would produce an acylium ion that can
close to a protonated oxazolone or a protonated oxazolone
directly if the C(O)—N cleavage occurs concomitant
with attack of the adjacent nucleophilic carbonyl oxygen
(Scheme 1).
Based on work in progress in our group on enhanced
cleavage at proline, we speculate here that protonation on
the carbonyl oxygen, and fragmentation from that structure, is more consistent with experimental data for bn
and yn formation. Cleavage at proline commonly occurs
at proline’s N-terminus to produce either bn or yn ions.
Cleavage of a peptide at the C-terminal side of proline
does not often occur and this is used as evidence that
bn ions are protonated oxazolones.40 If the N-protonated
J. Mass Spectrom. 35, 1399–1406 (2000)
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Scheme 1

structure of Scheme 1 (bottom right) is considered, there
is no reason to expect that cleavage at proline should not
occur to produce acylium bn ions (which could further
fragment to produce an ions). The low bond order of the
C(O)—N bond and the lack of an activation barrier for
this cleavage suggest that facile cleavage should occur (the
molecule would not sample the subsequent ring closure
and ‘decide’ not to cleave the C(O)—N bond). For the
oxygen-protonated structure, however, attack of the adjacent carbonyl oxygen at the electropositive carbon of the
protonated carbonyl is necessary to initiate the H-transfer
that must occur prior to loss of the C-terminal fragment.
This attack is hindered at proline (Scheme 1, bottom left).
The fact that cleavage, and bn or yn formation, generally does not occur C-terminal to proline is suggested
here to be evidence that bn formation occurs from the
O-protonated intermediate and not the N-protonated intermediate. In a future publication, this idea will be further
supported by the different ratios of cleavage that occur
at the N-terminal side vs the C-terminal side of D and
L stereoisomers of N-alkylated residues (N-methylalanine
and piperidine) (L. Breci, V. Wysocki and T. Vaisar, in
preparation). Additional evidence for involvement of Oprotonation in dominant cleavage pathways of protonated
peptides comes from the work of O’Hair, Reid and coworkers. They showed that dominant water loss from
pentaglycine and tetraglycine and from GGC-OMe and
GCG-OMe involves loss of one of the backbone oxygens
via a dissociation that must be initiated by O-protonation
rather than N-protonation.44,45
There is not yet enough data in the literature to state
conclusively that peptide backbone fragmentations occur
mainly from O-protonated vs N-protonated forms. Both
Copyright  2000 John Wiley & Sons, Ltd.

possibilities should be considered when attempting to
reconcile bodies of peptide fragmentation data.

RESIDUE-SPECIFIC CLEAVAGES
A recent paper that appeared in Electrophoresis examined
tandem mass spectra of 319 peptides and showed that even
a powerful program such as SEQUEST does not identify
a relatively high percentage of the peptides of a digest of
a known protein.46 Other approaches identify even fewer
peptides. This is often irrelevant in the identification of a
known protein, because partial sequence information and
molecular mass information are usually sufficient to identify the protein unambiguously. It is relevant, however, in
attempts to sequence peptides and unknown proteins. The
inability to sequence the complete subset of the peptides
of a protein by their tandem mass spectra is not surprising
if one considers the great variability that exists in the gasphase dissociation patterns of peptides. Several authors
have pointed out that certain peptides show unusual spectra that involve enhanced cleavage at particular amino acid
residues or residue combinations and that these peptides
lack a complete pattern of backbone cleavages that would
provide complete sequencing of the peptide.19,20,47 – 53 For
unknown proteins or for peptides, these spectra are a problem for mass tagging or de novo interpretation programs.
The spectra do not provide enough information to generate a mass tag (a short sequence stretch that can be
used for database searching) and do not provide enough
sequence ions for de novo interpretation programs. These
spectra could be matched to ‘theoretical’ tandem mass
spectra if we knew how to predict these ‘unusual’ spectra
J. Mass Spectrom. 35, 1399–1406 (2000)
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from sequence strings. The spectra are ‘unusual’ only in
the sense that they do not produce contiguous series of
backbone cleavage sequence ions (e.g. a/b, y). In spite of
their current unpredictable appearance, spectra with only a
few major peaks are common as evidenced by the abovementioned work of Simpson and co-workers.
We present below a summary of our efforts to explain
fragmentation mechanisms for two cases of selective cleavage of gas-phase peptides: enhanced cleavage at acidic
residues16,20 and enhanced cleavage at protonated histidine (G. Tsaprailis, V. H. Wysocki, W Zhong, H. Nair and
J. Futrell, submitted for publication). Additional similar
studies are ongoing, including a refinement of the current knowledge of enhanced cleavage at proline. For this
research, a variety of different multi-stage mass spectrometers are used to follow the dissociation patterns of the
peptides. By applying different activation methods in a
variety of instrument types (eV SID, eV CID, keV CID;
trapping vs non-trapping instruments), the molecules are
activated by different energy deposition mechanisms and
dissociate over different time frames. If the dissociation
chemistry persists and dominates throughout these conditions, the true unimolecular chemistry of the molecule
is being examined and not some instrument-dependent
enhancement of particular ion types. In addition to the
application of different MS/MS tools, traditional means of
studying the dissociation mechanisms are applied in these
gas-phase studies, e.g. isotopic labeling, blocking of proposed reaction sites and amino acid substitutions.
Enhanced cleavage at acidic residues
Several authors have noted enhanced cleavage at
acidic residues (aspartic and glutamic acid).22,23,38,47 49,54
Gaskell and co-workers suggested the involvement of
arginine in peptides that cleave selectively at acidic
residues and proposed that side-chain interactions between
the arginine and the acidic side-chain might explain the
results.21,24,31,37 This explanation has a lot of appeal and
is consistent with much of the experimental data. There
are certain aspects of the data, however, that cannot be
explained by this model. A series of papers have been
published that show that enhanced cleavage occurs Cterminal to aspartic acid if arginine is present in a peptide
that also contains aspartic acid and if the number of
added protons is equal to or less than the number of
arginines present.15,16,19,20 This is illustrated in Fig. 3.
A peptide containing two Asp, one Arg and one added
proton, [LDIFSDFR C HC ], shows enhanced cleavage at
both Asp—Xxx bonds [y2 and y6 , Fig. 3(A)] while the
corresponding compound with two Asp, no Arg and one
added proton, [LDIFSDF C HC ], cleaves non-selectively
[Fig. 3(B)]. Our explanation for these and related results
is that the arginine(s) tightly binds the proton(s) allowing
the acidic hydrogen of the aspartic acid side chain to be
the ‘reactive’ proton that initiates cleavage as shown in
Scheme 2. This is supported by data for related peptides
that have been derivatized to add a fixed charge to them
instead of a proton; even these peptides that contain no
added proton fragment selectively at the aspartic acid
[b2 and b6 , Fig. 3(C)].16 The product of the selective
cleavage at Asp is an anhydride. The anhydride structure
is consistent with MS/MS/MS data that show facile loss
of CO2 plus CO to produce a d ion. The selective cleavage
Copyright  2000 John Wiley & Sons, Ltd.

Figure 3. Surface-induced dissociation spectra of singly-protonated (A) LDIFSDFR and (B) LDIFSDF. (C) Collision-induced dissociation spectrum of 3 PC LDIFSDF; spectrum acquired with
a quadrupole ion trap instrument (Finnigan LCQ). Data from
Ref. 16.

chemistry at Asp/Glu has been shown to persist even in the
case of direct dissociation of larger peptides and proteins.
The 11C charge state of lysozyme, which contains 11
arginines, fragments selectively at acidic residues whereas
the 14C charge state (which contains protons in excess of
the number of arginines, i.e., mobile protons) fragments
non-selectively.55
In order to test the robustness of the Arg–Asp sequencing ‘rule,’ a search and inspection of a small database
of peptide spectra acquired on a commercial quadrupole
ion trap instrument was performed. The spectra were provided by the Yates group (Scripps Institute). Inspection
of the singly charged spectra for 10 tryptic peptides that
contain Arg plus Asp and/or Glu showed that all fragment selectively at the acidic residues (see Table 1), in
agreement with the rule that enhanced cleavage will occur
at acidic residues if any added protons are bound to an
Arg. We have shown previously that peptides containing lysine do not show the same trend.15 In agreement
with our earlier work, inspection of spectra of singly
charged peptides that contain Lys and Asp and/or Glu
showed no enhancement of cleavage at acidic residues.
From the same database, spectra of 42 doubly charged
J. Mass Spectrom. 35, 1399–1406 (2000)
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Scheme 2

Table 1. Peptide sequences and the most abundant fragment ions produced upon
dissociation of the singly protonated
peptides in a quadrupole ion trap
mass spectrometer
Sequence

Most abundant ions, ion trap data

AGENIGALLR
AGENVGVLLR
AGFAGDDAPR
ALLEEQPR
EHILLGR
INEGILQR
LAQEDPSFR
VAAEGVILAR
DLGEALR
IPDIDLIVIR

y7 , H2 O loss
y7 , H2 O loss
y3 , y4 , H2 O loss
y3 , y4 , H2 O loss
y6 , H2 O loss
y5
y4
y6
y3 , y6 , H2 O loss
y5 , y7 , y8 , H2 O loss

peptides containing one Arg and Asp and/or Glu were
inspected. The 18 doubly charged peptides that contain
Arg and Asp and/or Glu (but not His or Pro, other residues
that can cause selective cleavage), were found not to show
enhanced cleavage at acidic residues. This result is consistent with the ‘rule’ that an available mobile proton
(a proton in excess of the number of Arg) will allow
charge-directed cleavage at various sites along the peptide
backbone. When other residues that can cause selective
cleavage are present in the same molecules that contain
Arg and Asp and/or Glu (22 additional database spectra
of doubly charged peptides), selective cleavages at these
other residues often dominate, presumably because of the
charge directed nature of the cleavages (e.g. see histidine
discussion below).
Enhanced cleavage at protonated histidine
Cleavage near histidine is enhanced for many peptides. A
common example is encountered by mass spectrometrists
Copyright  2000 John Wiley & Sons, Ltd.

who use angiotensin peptides for tuning or calibration
purposes; these peptides contain an H—P bond that is
the dominant cleavage site under certain conditions. In
order to explain this type of cleavage and to develop that
understanding into a robust fragmentation ‘rule,’ so that it
might be incorporated into sequencing algorithms, a series
of peptides were examined under a variety of dissociation conditions (G. Tsaprailis, V. H. Wysocki, W Zhong,
H. Nair and J. Futrell, submitted for publication). The
peptide structures were varied and changes included the
presence or absence of arginine, the charge state, the type
of charge (proton vs fixed-charge derivative), the identity
of the residue adjacent to histidine and alkylation of the
histidine. While all singly protonated peptide ions containing both histidine and arginine fragment non-selectively,
the doubly protonated peptide ions with arginine and histidine, or the singly protonated peptides containing histidine but not arginine, cleave in a selective manner. In
particular, dominant complementary bC /yC product ions
resulting from cleavage between the HP amide bond are
observed for doubly protonated DRVYIHPFHL, DRVYIHPF and RVYIHPF [Fig. 4(A)]. For the fixed-charge
derivative, non-selective cleavage occurs if charge is provided only by the charge on the derivative and selective
cleavage [Fig. 4(B)] occurs if a proton is added to produce
a doubly charged parent ion. In contrast to the results for
acidic residues, where selective cleavage occurs at Asp if
there is no added proton available along the backbone or
at the acidic side-chain, enhanced cleavage at His occurs
when an added proton is present on the His side-chain.
The role of histidine in directing selective cleavage was
probed further by systematically changing the residue Cterminal to histidine (from proline to sarcosine and then
to alanine). The results indicate that while bC /yC complementary ion pairs dominate in doubly protonated RVYIHPF [Fig. 4(A)], b5 2C and b6 2C product ions dominate
the spectra of doubly protonated RVYIHAF [Fig. 4(C)].
Based on all of the results, a fragmentation mechanism for
enhanced cleavage at histidine was proposed (Scheme 3).
The proposed selective fragmentation mechanism involves
a common intermediate that produces doubly charged b2C
ions or a singly charged bC /yC complementary ion pair.
The branching ratio between these two pathways is determined by the identity of the residue C-terminal to histidine
and by the ability of protonated histidine to transfer a proton
to the C-terminal leaving fragment. The latter contributing
factor is based on strong experimental MS/MS spectral evidence which reveals that dominant b5 2C product ions are
observed by SID and CID when the histidine side-chain is
alkylated in doubly protonated RVYIHŁ PF [i.e. when there
is no proton available for transfer b5 2C is formed instead
of b5 C ; compare Fig. 4(A) and (D)]. The b ion structures
terminating at histidine residues (b5 C and b5 2C as illustrated in Scheme 3) are different from the typical b ions that
are thought to be protonated oxazolones and/or acylium
ions (Scheme 1). Evidence for this difference comes from
MS/MS/MS and resonance ejection experiments. In addition to enhanced cleavage of the His—Xxx bond, it has
also been determined that enhanced cleavage can occur at
the amide bond one removed (His—Xxx—Yyy, cleavage
of the Xxx—Yyy bond, e.g. b6 2C formation from RVYIHPF). This is consistent with molecular modeling results
that show strong hydrogen bonding between the His sidechain and the Xxx—Yyy bond.
J. Mass Spectrom. 35, 1399–1406 (2000)
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Figure 4. SORI-CID spectra for a series of peptides containing histidine (H) or alkylated histidine (HŁ ). The peptides cleave selectively at
H or HŁ . The charge state of the product ion depends on the charge on His in the forming products and the residue carboxy-terminal
to His. Data from G. Tsaprailis, V. H. Wysocki, W. Zhong, H. Nair and J. Futrell, submitted for publication.

CONCLUSIONS
A detailed knowledge of gas-phase peptide dissociation
mechanisms is important to the improvement of algorithms
that are used for the automated sequencing of peptides or
identification of proteins. Most current sequencing algorithms are designed to use a contiguous ion series present
in the MS/MS spectrum. Frequently, enhanced cleavages
at specific amino acids occur and the algorithms produce
poor results for these MS/MS spectra (even though the
MS/MS spectra have a high signal-to-noise ratio). In this
paper, SID data that support the general ‘mobile proton
model’ for peptide fragmentation are summarized. Two
examples of selective cleavage are presented: enhanced
cleavage at acidic residues in the absence of an added
proton at the cleavage site and enhanced cleavage at protonated histidine. The understanding developed from such
studies of dissociation mechanisms is used to generate
fragmentation rules that are then tested against databases
of spectra. Once a fragmentation rule has been established
and found to apply in a general, predictive way to a large
percentage of peptides containing a particular residue or
combination of residues, it should be possible to incorporate the fragmentation rule into programs that are designed
to predict sequence from spectra.
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