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A strategy for improving the sequencing of peptides by infrared multiphoton dissociation
(IRMPD) in a linear ion trap mass spectrometer is described. We have developed an
N-terminal derivatization reagent, 4-methylphosphonophenylisothiocyanate (PPITC), which
allows the attachment of an IR-chromogenic phosphonite group to the N-terminus of peptides,
thus enhancing their IRMPD efficiencies. After the facile derivatization process, the PPITC-
modified peptides require shorter irradiation times for efficient IRMPD and yield extensive
series of y ions, including those of low m/z that are not detected upon traditional CID. The
resulting IRMPD mass spectra afford more complete sequence coverage for both model
peptides and tryptic peptides from cytochrome c. We compare the effectiveness of this
derivatization/IRMPD approach to that of a common N-terminal sulfonation reaction that
utilizes 4-sulfophenylisothiocyanate (SPITC) in conjunction with CID and IRMPD. (J Am Soc
Mass Spectrom 2009, 20, 377–384) © 2009 Published by Elsevier Inc. on behalf of American
Society for Mass Spectrometry

In recent years, there has been tremendous effortdevoted to the application of mass spectrometry to
the field of proteomics [1, 2] in large part because of

the success of tandem mass spectrometry for elucida-
tion of primary sequences and modifications of pep-
tides and proteins [3–7]. Several ion activation methods
have been developed in this context, including collision
induced dissociation (CID) [8, 9], electron capture dis-
sociation (ECD) [10]. electron-transfer dissociation
(ETD) [11], pulsed-Q dissociation (PQD) [12], surface
induced dissociation [13], and photodissociation (PD)
[14–19]. Each method has its own particular strengths
and shortcomings, with CID being the most widely
used due to its relatively well-understood underpin-
nings. However, the resulting CID mass spectra can be
cluttered with redundant b and y ions, as well as ions
created by uninformative losses of small organic mole-
cules like water and ammonia. Hence, the interpretation
of such data manually or via de novo algorithms
remains challenging [20, 21]. ECD and ETD provide
complementary c and z ions and have proven more
useful for tracking post-translational modifications
(PTMs); however, these activation methods generally
offer lower dissociation efficiencies than CID and are
highly dependent on the charge state of the selected
precursor ion [10, 11]. PD methods, including both
infrared multiphoton dissociation (IRMPD) and ultra-
violet photodissociation (UVPD), have also shown

promise because of their potential for high-energy dep-
osition and tunability [14–19, 22–35]. Since photoab-
sorption is not a collision-based process, it does not
alter the kinetic energies of ions and thus minimizes any
ion losses due to scattering.
Photodissociation also offers particular advantages

for ion trap mass spectrometers. For example, photoac-
tivation is independent of the trapping voltage, unlike
CID. In CID, the rf voltage during ion activation influ-
ences the energy deposition of collisional activation as
well as defines the lower m/z range. The potential for
greater energy deposition in CID occurs at the expense
of storage of lower m/z ions, ones which might be key
diagnostic ions for sequencing peptides. PQD is another
collision based activation method used as an alternative
for alleviating the limited m/z storage problem during
CID in ion trap mass spectrometers. For PQD, the rf
voltages applied during ion activation and subsequent
ion trapping are quickly manipulated to avoid ejection
of all the lower m/z product ions [12]. However, the
dissociation efficiency for PQD, in terms of the conver-
sion of precursor ions to product ions, is rather low.
Despite this impressive array of ion activation methods,
the quest for more efficient and more selective strate-
gies continues to be an important goal in the develop-
ment of mass spectrometric-based proteomics, espe-
cially to simplify spectral interpretation and improve
the identification of post-translational modifications.
One approach entails derivatization of proteins or

peptides to facilitate their enrichment in complex mix-
tures, [36–39] to alter their charge states to direct
fragmentation pathways, [16] or to attach chromo-
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phores to enhance their photoabsorptivity [14–16, 29,
32, 40, 41]. For example, N-terminal sulfonation reac-
tions have proven to simplify the MS/MS spectra of
peptides by introducing a fixed negative charge at the
N-terminus [42–45]. This sulfonate addition leads to
neutralization of the normally singly charged b ions
created upon dissociation of peptides, resulting in se-
ries of easily interpreted y ions. In particular, 4-
sulfophenylisothiocyanate (SPITC) has shown great
potential as a reagent for this process because it is
inexpensive, stable, and extremely efficient in react-
ing with the N-terminus of peptides [43, 45, 46]. Upon
CID, the dominant product ion for the SPITC-derivatized
peptides is typically the yn�1 ion due to the loss of the
sulfanilic acid and the N-terminal amino acid which is
catalyzed by the labile proton from the sulfonic group
that promotes a specific Edman-type cleavage [43].
Another N-terminal sulfonation reagent, 2-sulfobenzoic
acid cyclic anhydride, also introduces a negative charge
at the N-termini of peptides, but the resulting peptides
dissociate to give a broader array of y ions than af-
forded by the SPITC-derivatized peptides [16]. The
newestN-terminal sulfonationreagent,4-chlorosulfophenyl
isocyanate, also results in more uniform arrays of y ions
from the peptides, albeit with higher critical energies
[46]. PITC is another N-terminal reagent that affords a
good chromophore at 266 nm for UVPD, and the
resulting PITC-peptides yield both b and y sequence
ions [47]. The same SPITC-derivatized peptides pro-
duce only y ions upon UVPD, again with notable
enhancement of the yn�1 ion [47].
We have been developing derivatization agents for

biological molecules that increase their photoabsorp-
tivities in the gas phase and/or alter the fragmentation
patterns of the resulting ions to give more informative
or more easily interpreted mass spectra. For example,
we recently combined an N-terminal sulfonation proce-
dure with IRMPD in a quadrupole ion trap to allow
detection of entire series of y ions for tryptic peptides,
thus allowing successful de novo sequencing [16]. We
have also developed other IR-chromogenic ligands to
improve IRMPD efficiencies, including phosphorylated
pyridyl ligands that form metal complexes with fla-
vonoids [41], a boronic acid reagent that selectively
binds to the diol functionality of oligosaccharides and
improves the determination of their sequences [40], and
a new phosphorylated crosslinking reagent that allows
the differentiation of crosslinked peptides from non-
crosslinked peptides for elucidation of contact points in
proteins [48]. We have also explored UV-chromogenic
reagents in conjunction with UVPD for sequencing
peptides [15] and a reductive amination procedure that
incorporates fluorescent labels into oligosaccharides to
improve UVPD efficiencies [14]. The successful out-
comes of these previous strategies that combined deri-
vatization with photodissociation have motivated our
efforts to expand the arsenal of targeted chromogenic
reagents for tunable photodissociation of biological
molecules.

In the present study, we report a new N-terminal
derivatization reagent that incorporates a phosphonite
functionality. The new reagent, 4-methylphosphono-
phenylisothiocyanate (PPITC), was designed specifi-
cally to provide a negative charge site similar to the
sulfonated reagents, in addition to containing a strong
IR chromophore to enhance the photoabsorptivity at a
wavelength of 10.6 �m of the resulting derivatized��
peptides. It has been shown previously that phosphor-
ylated peptides possess high photoabsorptivities at 10.6
�m, which is critical for successful IRMPD�� [23, 49–51].
Here we compare the IRMPD efficiencies and the num-
ber of diagnostic sequence ions obtained for a series of
peptides derivatized by SPITC, PPITC, and PITC (Figure 1).

Experimental

Reagents

All chemicals were purchased from Sigma Aldrich (St.
Louis, MO) except the following peptides, which were
obtained from BACHEM (King of Prussia, PA):
LQVQLSIR (H-4588), FSWGAEGQR (H-2680), Amyloid
protein 1-16, and YGGFLK (H-2765); and from Ameri-
can Peptide Co. (Sunnyvale, CA): HSDAVFTDNYTR
(48-1-12) and Fibrinopeptide A (42-1-12A).

Synthesis of 4-Methylphosphonophenylisothiocyanate (3)

4-Bromophenylisothiocyanate was refluxed for 30 min
with 2� triethylphosphite, after which the product was
purified on a silica column with 50:50 DCM:MeOH and
dried to isolate the diethyl ester form. The ester form
was converted to the acidic form by reaction with 3.5
equivalents of bromotrimethylsilane, which was added
drop-wise and allowed to stir at room temperature for
24 h. The reaction mixture was dried on a rotovap, and
the product was dissolved in minimal MeOH. This
product was allowed to stir at room temperature for an
additional 4 hours and then dried on a rotovap and

Figure 1. PITC compounds; (1) 4-sulfophenylisothiocyanate (SPITC),
(2) phenylisothiocyanate (PITC), (3) 4-methylphosphonophenylisothio-
cyanate (PPITC).
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concentrated under reduced pressure. The PPITC struc-
ture was confirmed by 1H NMR using a 400 MHz
Varian instrument (Varian, Palo Alto, CA). 1H NMR at
400 MHz in CD3OD yielded: 7.21 ppm (d, 2H), 7.40 ppm
(d, 2H), 3.17 ppm (s, 2H), 3.19 ppm (s, 1H); these
findings are consistent with the proposed structure.

PITC Derivatization of Peptides

PITC and SPITC protocol: 20 �L of a 10� �g/� �L solution�
of reagent solution buffered to a pH of 9.5 with 20 mM
NaHCO3 was incubated with 10 �L of 1 mM peptide�
solution for 30 min at 55°C. The reaction was termi-
nated with an addition of 1.5 �L of 5% trifluoroacetic�
acid, and then derivatized product was purified on a
C18 spin column.
PPITC protocol: 20 �L of a 10� �g/� �L solution of�

reagent solution buffered to a pH of 9.5 with 20 mM
NaHCO3 was incubated with 10 �L of 1 mM peptide�
solution, 60 �L 100 mM NaHCO� 3 (pH 8–9) and 70 �L�
water for 30 min at 55°C. The product was purified on
a C18 spin column and diluted to 10 uM before ESI
analysis.

Mass Spectrometry

All experiments were performed on a ThermoFinnigan
LTQ XL linear ion trap mass spectrometer (Ther-
moFinnigan, Waltham, MA) equipped with a standard
ESI source. The LTQ mass spectrometer was modified
for IRMPD as described earlier [48]. Solutions were
directly infused at a flow rate of 3 �L/min at a�
concentration of 10 �M in 100% MeOH. For CID, the�
precursor was activated for 30 ms at a standard qz value
of 0.25. Energy-variable CID experiments were per-
formed by incrementally raising the applied CID volt-
age. All CID experiments were recorded in triplicate on
the same day. In cases where CID voltages are reported,
the CID voltages required to cause dissociation of 50%
of the selected precursor ions were corrected for their
number of degrees of freedom using the following
equation:

E�50% corrected� � E�50%� �
Nu modifiedNN

NderivatizedNN

where the degrees of freedom is defined as N � 3n – 6,
and n is the number of atoms in the underivatized
peptide [52].

Infrared Multiphoton Dissociation

IRMPD experiments were performed using a 48-5 Syn-
rad 50-W continuous wave CO2 laser (Mukilteo, WA).
The laser was directed through the back end of the
vacuum manifold that was modified with a CF view
port flange equipped with a ZnSe window to allow the
10.6 �m radiation into the ion trap�� [48]. This port was
aligned so that the beam was on axis with a 1.7 mm

entrance aperture and the 2 mm aperture of the exit lens
of the ion trap. The unfocused laser was controlled
using a TTL signal setup in the instrument software to
trigger during activation. All IRMPD experiments were
performed using a reduced qz value of 0.1 to allow for
sufficient detection of the low-mass ions and irradiation
times of �5 to 200 ms at 50 W unless otherwise noted.
The helium pressure was maintained at the normal
operating pressure. Time-variable IRMPD experiments
were executed by incrementally increasing the irradia-
tion time.

Results and Discussion

Design and Reactions of PPITC

We have previously shown that combining IRMPD
with an N-terminal sulfonation procedure substantially
improved the de novo sequencing of peptides, primar-
ily by eliminating the redundant b ion series that can
make it difficult to pinpoint the y ions and also by
extending the series of y ions detected via alleviation of
the low mass cut-off typically encountered upon con-
ventional CID [16]. The promising results obtained in
this prior study motivated us to design a new N-
terminal derivatization reagent that would specifically
contain an IR chromophore to enhance the absorption
of 10.6 �m photons, thus making the peptides even��
more amenable to IRMPD. In addition, the new reagent
was designed to afford a fixed negative charge site at
the N-terminus to encourage the neutralization of all b
products, yielding y-rich fragmentation patterns similar
to what has been observed previously following deri-
vatization of peptides with SPITC [43, 45, 46]. The
presence of the negatively charged phosphonite group
fixed at the N-terminus neutralizes the conventional
N-terminal product ions (i.e., typically b ions) created
upon ion activation, resulting in detection of solely the
C-terminal ions (i.e., typically y ions). The phosphono-
PITC reagent shown in Figure 1 resulted in the at-
tainment of both goals. The phosphonite group was
incorporated on the PITC skeleton via a two-step
modification of 4-bromophenylisothiocyanate. Subse-
quent reaction of PPITC with individual peptides or
mixtures of tryptic peptides occurred with yields of 40%
to 90%, thus resulting in formation of ample PPITC-
derivatized peptides for IRMPD. In comparison, the
average yields for derivatization of the same peptides
using PITC or SPITC were typically 20% to 40% and 70
to 90%, respectively.

CID and IRMPD of PITC-Derivatized Peptides

Examples of the CID and IRMPD mass spectra obtained
for the underivatized and the corresponding PPITC-
derivatized peptides are shown in Supplemental Figure
1 and Figure 2, which can be found in the electronic
version of this article. The CID mass spectrum of the
first protonated peptide, FSWGAEGQR, is dominated
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by two product ions due to dehydration, and the
diagnostic sequence ions have low relative abundances
(Supplemental Figure 1A). Moreover, the spectrum is
cluttered with both b and y ions that offer redundant
and yet incomplete sequence information, in addition to
additional confounding product ions attributed to am-
monia or water losses. IRMPD of the underivatized
peptide is very inefficient, resulting in no dissociation
(spectrum not shown). Following the derivatization of
this peptide with the PPITC reagent, IRMPD results
exclusively in a complete series of y ions from y1 to y8
(Supplemental Figure 1C). CID of the PPITC-peptide
(Supplemental Figure 1B) results in the formation of the
yn�1 as the most abundant sequence ion (i.e., y8), a
finding similar to what has been previously reported
for CID of SPITC-derivatized peptides [46, 53, 54]. CID
or IRMPD of the modified peptide also results in the
formation of the [M � CS � H]� product stemming
from loss of part of the PPITC moiety (�188 Da). This
characteristic fragmentation pathway results in an eas-
ily tracked product ion that allows ready differentiation
of derivatized and nonderivatized peptides that might
be present in mixtures.
The CID and IRMPD mass spectra obtained for a lar-

ger peptide, fibrinopeptide A (ADSGEGDFLAEGGGVR),
are shown in Figure 2. The CID mass spectrum of the
unmodified protonated peptide (Figure 2a) is domi-
nated by two y ions (y9 and y14) in addition to a few
other y ions of low abundance, dehydrated y ions, and
internal product ions of low abundance. This spectrum
is unsatisfactory for de novo sequencing or manual
interpretation, especially if the primary protein se-
quence of origin is unknown before analysis. IRMPD of
the unmodified protonated peptide again results in no
dissociation (spectrum not shown), indicating that the
peptide exhibits poor IR absorptivity and undergoes

collisional deactivation more efficiently than energiza-
tion. CID of the PPITC-derivatized peptide results in
the creation of different y ions than detected for the
underivatized peptide (y9, y11, y13, y14, y15) but leaves
the sequence of the entire C-terminal side of the peptide
inconclusive (Figure 2b). Moreover, gaps in the second
half of the y series could lead to ambiguities in identi-
fying the amino acid sequence or the incorrect assign-
ment of residues. On the other hand, the IRMPD mass
spectrum of the PPITC-derivatized peptide displays an
extensive series of y ions ranging from y2 to y15 (Figure
2c), making sequence interpretation for this peptide
straightforward. The high absorptivity of the derivat-
ized peptide is reflected by the short irradiation time (10
ms) needed to obtain the IRMPD spectrum shown in
Figure 3c. The use of this short irradiation time also may
provide a simple way to differentiate derivatized pep-
tides from other compounds in mixtures based on
monitoring the response (or lack of response) of the
various species to IRMPD.
As shown by Muddiman et al. [49–51], phosphory-

lation greatly increases IR absorptivities of peptides and
this finding is consistent with our results for the PPITC-
derivatized peptides. To further probe the relative ab-
sorptivities of PITC-derivatized peptides, we examined
the IRMPD mass spectra of peptides modified by PITC,
SPITC, and PPITC. Representative results are shown in
Figure 3 for one peptide, FSWGAEGQR. The PITC-
derivatized peptide exhibits little dissociation even
upon 500 ms of irradiation at 10.6 �m (�� Figure 3a),
similar to what was observed for nonderivatized pep-
tides and giving a clear indication of the poor absorp-
tivity of the PITC-peptides. IRMPD of the SPITC-
peptide results in the dominant production of the yn�1

ion (in this case y8) after 25 ms of irradiation (Figure 3b).
In contrast, the entire series of y ions is observed in the
IRMPD mass spectrum of the corresponding PPITC-
peptide after 20 ms (Figure 3c). Both the SPITC- and

Figure 2. ESI MS/MS of protonated fibrinopeptide A; (a) CID of
unmodified peptide (CID voltage 0.11 V, 30 ms), fibrinopeptide A,
(b) CID of PPITC-modified peptide (CID voltage 0.13 V, 30 ms), (c)
IRMPD of PPITC-modified peptide (laser power 50 W, 10 ms). The
[M � CS � H]� ion represents the partial loss of PPITC reagent.
Water losses are represented by the pound symbol and internal
products by an open circle. Magnification applies to all spectra
over mass range indicated.

Figure 3. IRMPD of protonated derivatized FSWGAEGQR; (a)
PITC-peptide (laser power 50 W, 500 ms), (b) SPITC-modification
(laser power 50 W, 25 ms), (c) PPITC modification (laser power 50
W, 20 ms). The [M � CS � H]� ion represents the partial loss of
derivatization reagent.
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PPITC-derivatized peptides appear to have comparable
absorptivities, but the PPITC-peptide yields a more
complete series of y ions.
CID and IRMPD mass spectra were acquired in

triplicate for a series of eight PITC-, SPITC-, PPITC-
derivatized peptides, as well as the underivatized pep-
tides. The results are summarized in bar graph form in
Figure 4 in terms of sequence coverage percentage,
which is defined as the number of y sequence ions
detected relative to the total number of possible y
sequence ions (y1 to yn�1), expressed as a percentage.
For this comparison, a y ion is considered to be detected
in a CID or IRMPD mass spectrum if it has a total peak
area of 1% or greater. A value of 100% for the sequence
coverage percentage means that every possible y ion (y1
to yn�1) is detected.
In most cases, the highest sequence coverage per-

centages were associated with the PPITC-derivatized
peptides in conjunction with IRMPD, suggesting that
IRMPD of the PPITC-peptides affords the optimal strat-
egy for identification of peptide sequences. The main
exception to this trend occurs for multiply charged ions
[i.e., doubly protonated VIP and multiply protonated
amyloid peptide (DAEFRHDSGYEVHHEK) (data not
shown)]. For the multiply protonated peptides, the
extra mobile proton allows both a/b and y ions to
remain charged in the MS/MS spectra and thus results
in both a more elaborate array of potential a/b and y
ions and overall lower abundance y ions amongst a
more cluttered spectra. For YGGFLK, the sequence
coverage percentage obtained upon CID of the unmod-
ified peptide is comparable to that obtained upon
IRMPD of the PPITC-derivatized peptide. However, the
CID mass spectrum contains both b and y ions, which
complicates the spectral interpretation, whereas the
IRMPD spectrum displays only y ions.

Energy-Variable CID and IRMPD

We previously found that the improvement in IRMPD
efficiency afforded by the N-terminal sulfonation of

peptides (using 2-sulfobenzoic acid) was due in part to
a significant decrease in the critical energies of the
peptides [16]. For the present study, the CID voltages
and IRMPD irradiation times needed to cause dissoci-
ation of 50% of the parent ion population were deter-
mined and are summarized in Table 1 for one represen-
tative peptide, fibrinopeptide A. The required CID
voltages do not change significantly for the unmodified,
PITC-, SPITC-, and PPITC-derivatized peptides, sug-
gesting that there is no substantial change in the critical
energies. In contrast, there is a notable change in the
IRMPD irradiation times for the same series of peptides,
with the SPITC- and PPITC-derivatized peptides re-
quiring less than 25 ms whereas the underivatized and
PITC-derivatized peptides never reaching the 50% dis-
sociation level even after 1000 ms of irradiation time.
The results suggest that the SPITC- and PPITC-derivatized
peptides possess significantly amplified IR absorptivi-
ties which make them more amenable to IRMPD.
It is also informative to consider the distributions of

product ions obtained for the PPITC-derivatized pep-
tides as a function of the CID voltage or IRMPD
irradiation time. Monitoring the product ion distribu-
tions allows the genealogies of ions to be indirectly
evaluated. Maps of the product ion distributions are
shown in Figure 5 for one representative peptide,
PPITC-derivatized fibrinopeptide A. The CID data
show that all of the y ions evolve simultaneously, and
their relative contributions do not change once the

Figure 4. Sequence coverage percentages obtained by CID and IRMPD of unmodified and modified
peptides, where the percent coverage is defined as the number of y sequence ions detected relative to
the total number of possible y sequence ions (y1 to yn�1), expressed as a percentage. *For AcRFMWMK,
the percent coverage is defined as the number of b sequence ions detected relative to the total number
of possible b sequence ions. Unmod. � unmodified peptide, EAE � FSWGAEGQR, Fibrino A �
ADSGEGDFLAEGGGVR, CDP � CDPGYIGSR, VIP � HSDAVFTDNYTR, LQV � LQVQLSIR,
K-Brady � KRPPGFSPFR.

Table 1. IRMPD irradiation times and CID voltages required
to cause 50% dissociation of unmodified and modified-
fibrinopeptide A (protonated). All IRMPD irradiation values
are � 1 ms and all CID values are � 0.001 V based upon triplicate
measurements

Peptide IRMPD irradiation time (ms) CID voltage (V)

Unmodified �1000 0.104
PITC �1000 0.107
SPITC 11.5 0.109
PPITC 9.0 0.106
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population of the protonated peptide is for the most
part annihilated. The relative abundances of the various
y ions continue to change as the irradiation time is
increased for the IRMPD data, even after the abundance
of the parent ion is depleted. For example, the abun-
dances of the y4 and y9 ions increase while the abun-
dances of the y14 and y15 ions decrease at longer
irradiation times. These complementary shifts in ion
abundances support genealogical relationships between
these sets of y ions, and this reflects the non-resonant
nature of IRMPD that promotes conversion of primary
product ions to secondary product ions, thus leading to
the greater array of diagnostic y sequence ions.

PPITC Derivatization and IRMPD of Tryptic
Peptides

The feasibility of the PPITC/IRMPD strategy was dem-
onstrated for analysis of peptides obtained from the
tryptic digestion of a protein, cytochrome c. The crude
mixture of peptides obtained from enzymatic digestion
of cytochrome c was derivatized with PPITC as de-
scribed earlier, and then subjected to C18 clean-up
before ESI-MS/MS analysis via direct infusion. A typi-
cal ESI mass spectrum of the PPITC-derivatized tryptic
digest is shown as Supplemental Figure 2. The majority
of the peaks are assigned readily as underivatized
peptides and their corresponding PPITC-derivatized
analogs based on the characteristic mass shift associated
with the PPITC modification. IRMPD, with an average
irradiation time of 50 ms at 50 W, and CID, with an
average voltage of 0.58 V for 30 ms, were used to
analyze the PPITC-derivatized peptides, and the se-
quence coverage percentages are summarized in Figure 6.
The sequence coverage percentages obtained by IRMPD
are consistently higher or at least comparable to the

values obtained by CID, thus demonstrating the feasi-
bility of applying the PPITC/IRMPD approach for
proteomics. For example, upon CID the PPITC-derivatized
tryptic peptide MIFAGIK produced the y3, y4, and
y5 ions whereas the y2, y3, y4, y5, and y6 ions were
obtained upon IRMPD. For the sole tryptic peptide with
a C-terminal arginine, an even greater increase in cov-
erage was obtained by IRMPD. Following CID, only the
y5 and y6 ions were observed for the 1

� charge state
while the y2, y3, and the y5-y10 were observed for the 2

�

charge state. In comparison, IRMPD of the 1� peptide
yielded the y2 through y7 ions, as well as the y9 and y10
ions, and IRMPD of the 2� peptide generated the y2, y3,
y5, y6, y9, and y10 ions.
In general, the overall improvement in the sequence

coverage percentages obtained upon IRMPD in com-
parison to CID of the PPTIC-derivatized tryptic pep-
tides is not as great as was seen for the individual
model peptides summarized in Figure 4, and this is
attributed to several reasons. First, the relative complex-
ity of the tryptic digest mixture leads to lower yields of
PPITC-modified tryptic peptides and corresponding
lower CID and IRMPD sensitivities. Second, the forma-
tion of predominantly lysine-terminated tryptic pep-
tides in some cases leads to competitive formation of a/b
ions that divides the ion current among a, b, and y ions
and ultimately reduces the sensitivity of y ion detection.
This result may be attributed to the lower gas-phase
basicity of lysine in comparison with arginine [55, 56].
This difference in basicities of the terminal residues
may change the proton mobility, thus altering the
possibility of creating charged a/b ions in comparison
with the y ions that stem from the sequestered N-
terminal proton. The sole arginine-terminated peptide,
TGPNLHGLFGR, in the 1� charge state shows the
greatest improvement in sequence coverage percentage
upon IRMPD, thus supporting that the increased basic-
ity of the arginine terminus assists in sequestering the
proton on the C-terminus and thus eliminating the for-
mation of charged a/b ions. However, despite the
decreased basicity of lysine-terminated tryptic peptides,
IRMPD analysis following PPITC modification still af-
forded the highest sequence coverage compared with
the other strategies (CID or using other derivatization
reactions).

Figure 6. Sequence coverage percentages obtained by CID and
IRMPD of unmodified and PPITC-modified tryptic peptides from
cytochrome c, where the percent coverage is defined as the
number of y sequence ions detected relative to the total number of
possible y sequence ions (y1 to yn�1), expressed as a percentage.

Figure 5. Energy-variable MS/MS distributions for y ions of
protonated PPITC-fibrinopeptide A and the surviving protonated
precursor: (a) energy-variable CID and (b) time-variable IRMPD.
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Conclusions

N-terminal derivatization using a novel phosphory-
lated phenylisothiocyanate reagent in combination with
IRMPD has been shown to be a promising approach for
de novo sequencing of peptides. 4-Methylphosphono-
phenylisothiocyanate allows selective attachment of an
IR chromophore to the peptides, thus enhancing their
IR absorptivities and significantly reducing the irradia-
tion times needed to cause efficient photodissociation.
Extensive series of y ions are created upon IRMPD of
the PPITC-derivatized peptides, and the use of IRMPD
allows detection of a greater array of the lower m/z y
ions than possible with conventional CID. The PPITC/
IRMPD strategy gives high sequence coverage percent-
ages and has proven to be viable for analysis of tryptic
peptides.
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