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Abstract

Using the lanthanide ion praseodymium, Pr(I11), metallated ion formation and electron transfer
dissociation (ETD) were studied for 25 biological and model acidic peptides. For chain lengths of
seven or more residues, even highly acidic peptides that can be difficult to protonate by
electrospray ionization will metallate and undergo abundant ETD fragmentation. Peptides
composed of predominantly acidic residues form only the deprotonated ion, [M + Pr — H]%*: this
ion yields near complete ETD sequence coverage for larger peptides. Peptides with a mixture of
acidic and neutral residues, generate [M + Pr]3*, which cleaves between every residue for many
peptides. Acidic peptides that contain at least one residue with a basic side chain also produce the
protonated ion, [M + Pr + H]**; this ion undergoes the most extensive sequence coverage by ETD.
Primarily metallated and non-metallated c- and z-ions form for all peptides investigated. Metal
adducted product ions are only present when at least half of the peptide sequence can be
incorporated into the ion; this suggests that the metal ion simultaneously attaches to more than one
acidic site. The only site consistently lacking dissociation is at the N-terminal side of a proline
residue. Increasing peptide chain length generates more backbone cleavage for metal-peptide
complexes with the same charge state. For acidic peptides with the same length, increasing the
precursor ion charge state from 2+ to 3+ also leads to more cleavage. The results of this study
indicate that highly acidic peptides can be sequenced by ETD of complexes formed with Pr(lll).
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Introduction

Electron transfer dissociation (ETD) and electron capture dissociation (ECD) are important
tandem mass spectrometry (MS/MS) techniques for the analysis of peptides and
proteins.[1=5] These processes result in cleavage along the peptide backbone that is usually
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more uniform than collision induced dissociation (CID)[®.7] and infrared multi-photon
dissociation (IRMPD),[8] which favor lower energy pathways. In addition, post-translational
modifications such as phosphorylation are preserved during ETD and ECD.[®-14] In both
processes, an electron is added to a multiply charged cation creating a charge reduced
radical species that undergoes a non-ergodic process to form c- and z-ions by N-Ca bond
cleavage along the peptide backbone.[2-515-171 A major drawback to both methods,
however, is that they generally require multiply positively charged precursor ions.[1:4.18-21]
Upon electron capture, an ion with a single positive charge would be reduced to a neutral
molecule that cannot be analyzed by mass spectrometry.[22] Formation of multiply charged
ions is advantageous because MS/MS fragmentation efficiency and sequence information
often increase with increasing precursor ion charge state.[221.23-28] |n addition higher
charges on peptides and proteins generally require less energy to initiate
fragmentation.[23-26] Multiple charging can shift the mass-to-charge ratios (m/z) of the ions
to a range of the spectrum with optimal resolution[2®] and can increase signal intensity in
mass spectrometers that use image current detection.[30:31] However, certain peptides, such
as acidic peptides, may not form doubly or even singly positively charged ions by
electrospray ionization (ESI) or matrix-assisted laser desorption/ionization (MALDI),[32-35]
making analysis by ECD or ETD challenging. While deprotonated peptides (i.e., negative
ions) can be analyzed by dissociation techniques such as electron detachment (EDD),[36]
electron-induced (EID),[37] and negative electron transfer dissociation (NETD),[38] these
processes generally suffer from low product ion intensities that are most notable when an
electron interacts with a peptide anion (i.e., EDD and EID).

Peptides containing acidic amino acid residues are important in many biological processes.
For example, acidic peptides are involved in bone growth,[39-42] stimulation of hormone
releasing factor secretion,[43] blood coagulation[44:45] and the circulatory system,[46]
development of the brain,[47] carbohydrate metabolism,[48-501 and differentiation of cells
involved in immune response.[51:52] Potential vaccines for malarial>3l and HIV[54-56] have
utilized acidic peptides.

One method of ionizing peptides that do not readily protonate is to form positively charged
ions by addition of a metal ion. Sequence information from the resulting metallated peptide
cations has been obtained in studies employing ECD37-681 and ETD.[69-72] Flick and
Williams[®8] demonstrated the ability of trivalent lanthanide metal ions to produce multiply
positively charged ions with peptides. During a recent ETD studyl”2l involving the addition
of trivalent lanthanide metal cations to acidic peptides, we also noted that multiply charged
metallated ions form by ESI even in the absence of a highly basic arginine amino acid
residue (gas-phase basicity of arginine = 1006.6 kJ/mol[73]). In this prior study, metal-
peptide complexes form with as much as a 4+ charge, [M + Pr + H]**, simultaneously
incorporating a trivalent metal cation and an extra hydrogen. Extensive peptide backbone
cleavage and sequence information were obtained from ETD of these 4+ ions. However, our
initial study focused primarily on one peptide and its analogs, so limited observations were
made regarding effects of peptide size and sequence on ETD of these metallated peptide
complexes.
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Structural parameters including amino acid composition and chain length have been shown
to affect electron-based dissociation of protonated peptides and metal-adducted peptide
complexes.[62:69.74-76] |n an ECD study involving model peptides containing two arginine
residues, Chan and coworkersl74] found that [M + 2H]%* produced less backbone cleavage
for peptides with increased numbers of glutamic acid and asparagine. These researchers also
noted that while a greater number of glutamic acid residues led to suppressed cleavage for
[M + 2H]2*, [M + 3H]3* underwent more dissociation and provided more sequence
coverage. In two separate studies,[62:75] Chan and coworkers noted that increasing peptide
chain length suppressed backbone cleavage for ECD of [M + 2H]2* and [M + Cu]?*. In
contrast, ECD of [M + 3H]3* and [M + Cu + H]3* produced abundant backbone cleavage for
the same peptides. Vachet and Dongl®] investigated Cu(l1)-peptide complexes and
determined that an increase in the number of copper binding motifs such as histidine,
aspartic acid, glutamic acid and methionine promoted cleavage by ETD. Wysocki, Coon,
and coworkersl76] performed ETD on thousands of multiply protonated peptides; they
observed that the intensities of the c-series changed as the lysine, arginine, and glutamic acid
residues were positioned further away from the C-terminus. These researchers also noted
that the effect of the position of the basic or acidic amino acid residue on ETD becomes less
significant with a more highly charged precursor ion.

The current study explores the effects of chain length, as well as amino acid position and
composition, on ETD of lanthanide metal-adducted acidic peptide ions without highly basic
amino acid residues. Both biological and model peptides were employed. In our previous
study,[2] the entire lanthanide series (except radioactive promethium) was investigated.
Praseodymium, Pr(l11), was found to give high quality and reproducible ETD spectra that are
not complicated by the presence of multiple metal isotopes. Thus, Pr(I11) was selected to
represent the lanthanide series in the present work.

Experimental

All experiments were performed on a Bruker (Billerica, MA, USA) HCTultra PTM
Discovery System high capacity quadrupole ion trap (QIT) mass spectrometer. Mixtures of
metal salt and acidic peptide in a 10:1 Pr(111):peptide molar ratio were infused into the ESI
source at a flow rate of 3 uL/min using a KD scientific (Holliston, MA, USA) syringe pump.
Final peptide concentrations were 5 UM in acetonitrile:water at a 50:50 volume ratio. At the
ESI source, the needle was held at ground. The capillary entrance, the stainless steel
endplate, and the capillary entrance cap were set at a high voltage of —3.5 kV. Nitrogen
drying gas was heated to 260°C and flowed at 5-10 L/min. Nitrogen was also the nebulizer
gas and the pressure was optimized between 5 and 10 psi. All spectra shown are the result of
signal averaging 200 scans.

The reagent anion for ETD experiments, fluoranthene, was generated in a negative chemical
ionization source (nCI) with methane serving as the nCI reagent gas. The reagent anion was
accumulated for 8-12 ms. The ion charge control (ICC) value was 300, 000-400, 000 to
maximize electron transfer. The lower end m/z cutoff was set to 120 with anion/cation
reaction times in the range of 180-250 ms. The “smart decomposition” function was enabled
to facilitate further dissociation of any charge reduced (ETnoD) ions. Smart decomposition
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uses very low energy CID (resonant excitation) to overcome attractive forces (e.g., hydrogen
or noncovalent bonding) that may hold peptide fragments together after the electron transfer
process. Smart decomposition enhances observed ETD product ion formation. Previous
work provides a more detailed explanation of smart decomposition.[72]

The acidic peptides were purchased from various vendors. Gastrin 1(1-14), hirudin(54—-65)
(desulfated), and adrenocorticotrophic hormone (ACTH(22-39)) were obtained from
Bachem Americas (Torrance, CA, USA); human epidermal growth factor receptor peptide
((EGF)985-996) from Alfa Aesar (Ward Hill, MA, USA); casein kinase Il peptide substrate
from Sigma-Aldrich (St. Louis, MO, USA); and low molecular weight chromium binding
(LMWCr) peptide from Gen Script (Piscataway, NJ, USA). Model peptides were
synthesized in our laboratory with an Advanced ChemTech Model 90 peptide synthesizer
(Louisville, KY, USA) using standard Fmoc protocol.[’7] Praseodymium(111) nitrate salt was
purchased from Alfa Aesar. A Barnstead (Dubuque, IA, USA) E-pure system was used to
produce ultrapure Milli-Q 18 MQ water.

Results and Discussion

The established peptide cleavage nomenclature of Roepstorff and Fohlman[78] as modified
by Biemann[79 is used in labeling of spectra to help identify the number of hydrogen
incorporated into product ions formed by ETD and CID. A prime symbol to the right
indicates addition of hydrogen (i.e., z,/ = [z, + H]*) and to the left indicates loss of hydrogen
(i.e., 'z, = [zn - 2H]). In the figures, the following colors are used to label the ions: non-
metallated z-ions = red, non-metallated c-ions = blue, metal adducted z-ions = bright pink,
metal adducted c-ions = green, and metal adducted y-ions = brown. Undissociated precursor
ion is labeled in purple with a large purple diamond arrow head. Neutral loss products and
electron transfer without dissociation (ETnoD) ions are labeled in black. ECDI1.2:515.17] gng
ETDI418] typically yield c- and z-ions that correspond to N-Ca peptide bond cleavage.

Biological peptides

Several biological acidic peptides were employed to investigate the effects of size and
sequence on Pr(l11) cationization by ESI and on ETD product ion formation. The peptides
and their sequences are shown in Table 1. They contain a variety of amino acid residues with
chain lengths ranging from seven to eighteen residues.

As the data in Table 1 indicates, two of the biological peptides, hirudin(54-65) and
EGF(985-996) produced all three metallated ions by ESI: [M + Pr — H]2*, [M + Pr]3*, and
[M + Pr + H]**. These ions were also observed in our prior work with fibrinopeptide B.[72]
The most acidic species studied, LMWCr peptide, generates no 3+ and 4+ ions but only [M
+ Pr — H]%*. The facile deprotonation is consistent with the fact that six of the residues of
this heptapeptide are acidic. In contrast, casein kinase Il substrate and ACTH(22-39) do not
produce the deprotonated ion, but only the 3+ and 4+ ions, with [M + Pr + H]** occurring in
greatest abundance for both peptides. Although casein kinase Il substrate contains seven
aspartic acid residues and an acidic C-terminus, there are three highly basic arginine residues
at its N-terminus that can accept a proton. Hirudin(54-65), EGF(985-996), and ACTH (22—
39) are still able to form [M + Pr + H]** in the absence of a highly basic arginine, lysine, or
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histidine residue. This may be attributed to the fact that these peptides contain proline (gas-
phase basicity of proline = 886.0 kJ/moll73:80]) that is the fifth most basic amino acid[8!] and
can sometimes accept a proton.[82]

The most extensive sequence coverage is obtained for ETD of [M + Pr + H]**. Figure 1
shows ETD spectra of [M + Pr + H]** for EGF(985-996), hirudin(54-65), and casein kinase
Il substrate, while Supplemental Figure S1 gives the spectrum from ACTH(22-39). Efficient
fragmentation with a high signal-to-noise ratio allows for easy identification of product ions.
A mixture of complementary non-metallated and metallated c- and z-ions form, except for
casein kinase Il substrate that yields only c-ions, as seen in Figure 1(c). Most ions are singly
charged although there are a few doubly charged ions. The c-series are ¢,//* and ['c, + Pr]*,
while the z-series are z,/* and [z, + Pr]*. All non-metallated c-ions have two extra
hydrogens, while non-metallated z-ions contain one. Metallated c- and z-ions lose one
hydrogen relative to the direct backbone cleavage product ion. For some peptides, both
metallated and non-metallated ions can form at the same cleavage site. For example, in
Figure 1(a), product ions with and without Pr(111) form between D8 and E7 for
EGF(985-996). Cleavage occurs at almost every residue for the 4+ ions, except between R1
and R2 for casein kinase |1 substrate and except N-terminal to proline residues for
hirudin(54-65), EGF(985-996), and ACTH(22-39). The side chain of proline forms a ring
that incorporates the backbone, which prevents dissociation of the peptide into two pieces
following cleavage of the N-Ca bond. Lack of cleavage N-terminal to proline has previously
been observed in ECD and ETD studies of protonated peptides.[76.:83-85]

For all the biological peptides, ETD on [M + Pr]3* yields a mix of metallated and non-
metallated c- and z-ions. Most are singly charged, but some doubly charged ETD product
ions form as well. The c- and z-series are the same as those observed for [M + Pr + H]**.
Figure 2 shows the ETD spectra of [M + Pr]3* for EGF(985-996), hirudin(54-65), and
gastrin 1(1-14), while the spectra for ACTH(22-39) and casein kinase 1l substrate appear in
Supplemental Figures S2 and S3, respectively. For 3+ ions from five of the biological
peptides, cleavage occurs at every residue (except N-terminal to proline) and the peptides
can be sequenced. Interestingly, ETD of [M + Pr]3* for casein kinase produces cleavages at
only three sites (see Supplemental Figure S3), although [M + Pr + H]** (Figure 1(c)) cleaves
at almost every residue. This may indicate that the three N-terminal arginine residues are
sequestering the metal ion.

The least amount of sequence informative fragmentation is obtained from [M + Pr — H]2*.
As shown in Figure 3, only metal adducted c- and z-ions form. All product ions are singly
charged and lack a hydrogen, which can be explained by the fact that the precursor ion is
already deprotonated. Our previous study with fibrinopeptide B found similar decreased
product ion formation for ETD of [M + Pr — H]?* compared to [M + Pr]3* and [M + Pr +
H]4*.[72] Cleavage between E3 and E# is missing for LMWCr peptide and between E7 and
E8 for human gastrin 1(1-14). A similar lack of cleavage between adjacent glutamic acid
residues was observed in the lower charged state ion (2+) in an ECD study involving
trivalent lanthanide ions[®8] and in our fibrinopeptide B study.[72] This effect appears to be
most pronounced for central residues in a series of acidic residues and may relate to the
metal ion bridging between acidic sites.
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The types of amino acid residues present in a peptide sequence can affect the ions formed by
ETD. While casein kinase Il substrate has a twelve residue sequence like EGF(985-996) and
hirudin(54-65), the presence of the three highly basic arginine residues at its N-terminus
leads to the formation of only c-ions by ETD for [M + Pr]3* and [M + Pr + H]**. This is
interesting because the one highly basic arginine residue located at the C-terminus in
fibrinopeptide B did not lead to its formation of only C-terminal product ions.[72] Instead,
for fibrinopeptide B, members of both the c- and the z-series form for ETD of [M + Pr —
H]2*, [M + Pr]3*, and [M + Pr + H]**.

The ETD spectra of [M + Pr + H]**, [M + Pr]3*, and [M + Pr — H]2* are much more
sequence informative than CID spectra of these ions. Example CID spectra are shown in
Supplemental Figures S4 and S5. Typically, b- and y- ions form by CID, but spectra contain
more neutral losses that complicate interpretation. The CID spectra also generally have
lower product ion intensities and signal-to-noise ratios.

Model peptides

Several model peptides were employed to investigate the effects of peptide structural
features on ETD of acidic peptides adducted with Pr(lI1). Factors under consideration
include chain length, type and number of acidic amino acid residues, and the location of
acidic residues. The heptapeptides investigated were XAAAAAA, AAAXAAA,
AAAAAAX, XAAXAAX, and XXXXXXX (X7), where A is alanine and X is aspartic acid
(D) or glutamic acid (E) residues. In addition, EEEEEE (E6), EEEEEEEE (E8), and
DDDDDDDDDD (D10) were studied. For the model peptides, metallated precursor ion
production by ESI and ETD product ion information is given in Table 2.

Six of the heptapeptides (DAAAAAA, EAAAAAA, AAADAAA, AAAEAAA,
DAADAAD, and EAAEAAE) produce predominantly [M + Pr]3* by ESI. In addition, [M +
Pr — H]%* forms in low abundances but could not be isolated for further analysis by ETD.
The other peptides yield predominantly [M + Pr — H]2*. The formation of only [M + Pr —
H]2* for peptides E6, D7, E7, E8, and D10 can be attributed to the fact that the sequence
consists of only acidic side chains that preferentially deprotonate. Likewise, LMWCr
peptide is also highly acidic and only forms [M + Pr — H]2*. A peptide sequence containing
mostly aspartic or glutamic acid residues would undergo abundant deprotonation and
generate [M + Pr — H]2* despite the addition of a trivalent metal cation. None of the model
peptides produce [M + Pr + H]**, suggesting that the N-terminus as the only basic site is not
sufficient to sequester a proton.

The heptapeptide AAAAAAD did not adduct Pr(111) despite multiple attempts involving
several lots of peptide synthesized in our laboratory. (The peptide did protonate and
deprotonate by ESI indicating that it had been correctly synthesized.) In contrast,
AAAAAAE metallated readily by ESI to form [M + Pr — H]2*. Previous studies suggest the
possibility of the lanthanide metal ion simultaneously coordinating to more than one acidic
site.[%8.72] Since the aspartic or glutamic acid residues are at the C-terminus of these two
peptides, their side chain and C-terminal carboxylic acid sites are in close proximity but
have different orientations.[86] The shorter side chain of the aspartic acid may limit its ability
to achieve a conformation that will allow Pr(l11) to coordinate to both carboxylic acid
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groups. Glutamic acid, however, has an extra methylene group on the side chain that may
allow for greater flexibility in achieving a di-coordinated Pr(111)-AAAAAAE complex.

Several peptides with less than seven amino acid residues were investigated: DDD, EEE,
AAAAEE, AAAADD, AAAEAA, and DAAADA. The tripeptides EEE and DDD did not
adduct Pr(111). The hexapeptides formed predominantly [M + Pr — H]2*, but ETD only
generates one or two cleavage products, which is not useful for sequencing the peptides.
Supplemental Table 1 lists the ions formed by ESI and ETD product ions for these tri- and
hexapeptides.

The peptides E6, E7, D7, E8, and D10 were chosen both to investigate ETD fragmentation
of highly acidic metallated peptides and to explore the effect of chain length on ETD. Figure
4 shows the ETD spectra of [M + Pr — H]2* for these peptides. Members of the c- and z-
series dominate and all product ions are metal adducted. For E6, only [c, + Pr]*, n = 4 and
5, and ['zs + Pr]* form, as shown in Figure 4(a). Cleavage at only three sites on the peptide
backbone limits sequence information. In Figure 4(c), D7 produces the same number of
ETD product ions as E6. However, in Figure 4(b), E7 forms one additional ion than E6, ['z5
+ Pr]*, thus giving slightly more sequence information. Increasing the peptide chain length
from seven to eight residues leads to much more peptide backbone cleavage with only
cleavage between the fourth and fifth residues being absent in E8, as seen in Figure 4(d). For
the polyglutamic acid peptides, the trend is that sequence informative fragmentation
increases in the order E6 < E7 < E8. In Figure 4(e), ETD of [M + Pr — H]%* for D10 yields
cleavage at every residue except between the central acidic residues D5 and DS.

Our results indicate that increasing the peptide chain length increases ETD fragmentation for
Pr(111)-peptide ions lacking residues with highly basic side chains. However, peptide
sequence must also play a role because Chan and coworkersl”! reported an opposite effect.
In an ECD study of protonated ions from peptides containing glutamic acid residues and two
highly basic arginine residues, they observed that peptides with longer sequences (15 to 23
residues) underwent less backbone cleavage than peptides with shorter chain lengths of eight
residues. This group postulated that an extensive network of hydrogen bonding involving the
arginine residues helped to suppress the normal ECD mechanism for N-Ca bond cleavage.
In another study involving Cu(l1)-peptide complexes of basic peptides by Chan and
coworkers,[62] the researchers also observed decreased backbone cleavage for larger
peptides.

The heptapeptides DAAAAAA, EAAAAAA, AAADAAA, and AAAEAAA undergo
efficient and informative ETD fragmentation. As show in Figure 5(a) and 5(b) for [M +
Pr]3*, when the acidic residue is at the N-terminus, a mixture of metallated c-, z-, and y-ions
form. Backbone cleavage occurs at every residue. When the acidic residue is in the middle
of the sequence, only metal adducted c- and z-ions form with cleavage at every residue, as
seen in Figure 5(c) and 5(d). For the heptapeptide with the acidic residue at the C-terminus,
ETD of [AAAAAAE + Pr — H]%* generates only metal-adducted C-terminal ions; i.e., [z, +
Pr]*, n = 5-6. Only two sites on the peptide backbone cleave and neither is adjacent to the
acidic residue.
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As was the case with the biological peptides, [M + Pr]3* generates more extensive ETD
cleavage than [M + Pr — H]%*. For example, ETD of [M + Pr — H]%* cleaves at a maximum
of four sites for the heptapeptide E7, three for D7, and two for AAAAAAE, as shown in
Figures 4 and 5. However, ETD of [M + Pr]3* for the other heptapeptides, DAAAAAA,
EAAAAAA, AAADAAA, AAAEAAA, DAADAAD, and EAAEAAE yields cleavage at
every residue, as shown in Figures 5 and 6. Significantly less sequence coverage occurs for
CID of [M + Pr]3* for the model peptides. As shown in Supplemental Figure S6 for CID of
[M +Pr]3* for EAAAAAA, cleavage occurs at only three sites along the peptide backbone.

Heptapeptides DAADAAD and EAAEAAE were chosen to investigate the effect of multiple
scattered acidic residues on ETD. As shown in Figure 6, ETD on [M + Pr]3* produces a
mixture of metal adducted c- and z-ions as well as non-metallated c-ions for both peptides.
Full sequence coverage occurs, with the c-series being complete for both peptides. Thus, the
presence of scattered acidic residues appears particularly effective at promoting
fragmentation.

For the model peptides, the presence of aspartic acid versus glutamic acid had no noticeable
effect on the ETD spectra of [M + Pr]3*. Our group has also found that the identity and
position of acidic residues has negligible impact on ETD of doubly protonated acidic model
peptides.[87] In addition, there is no evidence of increased cleavage abundance adjacent to
the acidic residues. Chan and coworkers[88] also reported no enhanced cleavage C-terminal
to aspartic or glutamic acid residues in their ECD work on protonated nonapeptides.
However, their spectra suggest that there may be moderately enhanced cleavage on the N-
terminal side of both residues. In addition, in an ETD study on thousands of protonated
peptides, Wysocki, Coon, and coworkers[76] found that the probability of cleavage N-
terminal to glutamic acid increases as the peptide chain length increases; peptide ions with
an average length of 17 residues and an average charge of 3.5 showed enhanced cleavage N-
terminal to glutamic acid when compared to peptides with an average of 15 residues and a
charge of 3.8.

Metal adducted ions only appear after half of the sequence has been incorporated into the
ETD product ion irregardless of the size of the peptide chain. For all peptides in this study,
no metallated product ion contains less than half of the number of residues in its peptide. For
example, for the heptapeptides, ['c4 + Pr]*, ['z4 + Pr]*, or [y, + Pr]* are the smallest
metallated ETD product ions. This trend can also be observed for all the model heptapeptide
spectra of Figure 5. This effect even occurs for longer peptides, including the biological
ones. As an example, in Figure 1(a) showing ETD of [M + Pr + H]** for the dodecapeptide
EGF(985-996), the smallest metal adducted product ions are ['cg + Pr]* and [zg + Pr]*.
Spectra from our previous collision-induced dissociation (CID) study involving Cr(l11)
adduction to acidic peptides also exhibit this trend.[8%] Trivalent metal adduction may
involve simultaneous coordination of more than one amino acid residue with the metal
cation. Peptide chains may need to contain at least four amino acid residues to properly
interact with the metal ions. This is supported by the fact that neither of the tripeptides (D3
and E3) were able to form metal adducted ions by ESI.
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The neutrals eliminated from ETD product ions include NH3 (17 Da), OH (17 Da), COOH
(45 Da), and CoH305 (59 Da). Our QIT mass analyzer does not have sufficient resolution to
distinguish between NH3 and OH elimination. For ECD and ETD on protonated peptides, 17
Da typically corresponds to the loss of NH3 from the amino group of the N-
terminus.[2290.91] However, Coon and coworkers® reported 17 Da loss as OH elimination
from a serine side chain in an N-acetylated peptide; modification of the N-terminus
suppressed NHj3 loss. The absence or minimal elimination of 17 Da could be indicative of a
peptide with a modified N-terminus. Gastrin 1(1-14) from the current study and
fibrinopeptide B from our gi studyl’2] both have a cyclized N-terminus with no amino
group; these two peptides showed less 17 Da loss in comparison to the other acidic peptides
studied. However, these peptides did exhibit some 17 Da elimination, which suggests that
loss of OH can occur at aspartic acid and glutamic acid side chains. In addition, for ECD and
ETD on protonated peptides, aspartic acid normally yields a side chain loss of COOH (45
Da) and glutamic acid has a loss of CoH305 (59 Da).[99-92] These neutral losses were also
found in our ETD spectra of Pr(I11)-adducted peptides. In general, the presence of the metal
ion has negligible impact on the appearance of product ions involving neutral loss.

Conclusions

The current study illustrates the effects of peptide chain length and amino acid composition
and position on ETD of acidic biological and model peptides without highly basic amino
acid residues. Peptides with greater than six amino acid residues form multiply charged ions
by Pr(111). ETD of [M + Pr — H]?* generally provides more sequence informative
fragmentation for longer peptides such as model peptide D10 or human gastrin 1(1-14) than
shorter peptides such as D7. ETD of [M + Pr]3* can provide full sequence coverage for
peptides containing as little as seven amino acid residues. For the acidic peptides in the
current study as well as our previous work involving acidic fibrinopeptide B and analogs,[72]
ETD of [M + Pr + H]** provides the most sequence informative fragmentation and leads to
cleavage at every residue. However, production of this protonated and metallated 4+
precursor ion generally requires that the peptide contain at least one residue with a basic side
chain. While only Pr(l111) was employed in the current study, our prior work indicates that
any of the trivalent lanthanide metal cations except promethium and europium would be
suitable for sequencing acidic peptides. Cationization by trivalent lanthanide cations is a
useful tool for analysis of acidic biological peptides containing seven or more residues by
ETD and ECD.
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Figure 1.

ETD mass spectra of [M + Pr + H]** for (a) EGF(985-996), (b) hirudin(54-65), and (c)
casein kinase Il substrate. In the figures, the following colors are used to label the ions: non-
metallated z-ions = red, non-metallated c-ions = blue, metal adducted z-ions = bright pink,
metal adducted c-ions = green, and metal adducted y-ions = brown. Undissociated precursor
ion is labeled in purple with a large purple diamond arrow head. Neutral loss products and
electron transfer without dissociation (ETnoD) ions are labeled in black.
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Figure 2.

(b) hirudin(54-65), and (c) gastrin

ETD mass spectra of [M + Pr]3* for (a) EGF(985-996),

1(1-14). Refer to the Figure 1 caption for an explanation of the color codes.
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Figure 3.
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Figure 6.

ETD mass spectra of [M + Pr]3* for (a) DAADAAD and (b) EAAEAAE. Refer to the Figure

1 caption for an explanation of the color codes.
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