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b4 D 4755139 238.25695 458.5139 229.75695 457.5139 229.25695
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FIGURE 12. Peptide with a proline residue generates intense fragment ions. The MS/MS fragmentation spectrum of the pre-

y2 S 2342524
y3 T 3353575
y4 Y 4985335
y5 L 611.693
¥6 V 710.8256

117.6262 217.2524 109.1262 216.2524 108.6262
168.17875 318.3575 159.67875 317.3575 159.17875
249.76675 481.5335 241.26675 480.5335 240.76675
306.3465 594.693 297.8465 593.693 297.3465
355.9128 693.8256 347.4128 692.8256 346.9128
y7 D 825.9142 413.4571 808.9142 404.9571 807.9142 404.4571
y8 P 923.0309 462.01545 906.0309 453.51545 905.0309 453.01545
y9 Y 1086.2069 543.60345 1069.2069 535.10345 1068.2069 534.60345

cursor ion (m/z 592.92) shows two intense ions. The Sequest algorithm identified the peptide “VYPDVLYTSK” from the yeast

Gpm1 protein as the highest scoring hit (Cn 2.2). The two dominant ions are examples of proline peaks illustrating the intense
fragment ions formed on the amino-terminal side of proline residues. The y, . and 'y, , are the singly and doubly charged y,
ions, respectively. The precursor ion was doubly charged. The table below the labeled spectrum shows the observed frag-
ment ions matching the theoretical fragment ions from the peptide sequence. The b2 and y2 columns are the doubly charged
b-and y-ion values. The X-17 and —18 columns (where X is b1 or y1) are the singly charged values for the respective b- and
y-ions with neutral losses of ammonia and water, respectively. The X-8.5 and X-9 columns (where X is b2 or y2) are the dou-

bly charged values for the respective b- and y-ions with neutral losses of ammonia and water, respectively.

sor). For triply charged ion phosphopeptides, the most intense ion will be the neutral-loss ion
(=32.6 Da from the precursor). In an ion trap’s fragmentation spectrum of the phosphorylated pep-
tide, the signal from the b- and y-ions is dramatically reduced relative to the neutral-loss peak. The
reduced intensity of the b- and y-ion peaks renders a confident identification more difficult. In
particular, it is difficult to identify the exact amino acid that is modified if the peptide contains

multiple Ser or Thr residues.

For fragment ions that have a neutral loss, pairs of peaks are typically produced. The neutral-loss
ion will typically be 10-20% of the intensity of the intact fragment ion. Fragment b- and y-ions
that contain Ser, Thr, Glu, or Asp may lose H,O (-18 Da). b- and y-ions that contain Asn, GIn, Arg,
or Lys may lose ammonia (-17 Da). Precursor ions with Gln at their amino termini can readily lose
ammonia (-17 Da), generating a neutral loss peak and a predominant b-17 ion series. Precursor
ions with oxidized methionines may lose methane sulfenic acid (-64 Da) (Reid et al. 2004).
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FIGURE 13. MS/MS spectrum of a phosphopeptide. Phosphopeptides can show distinct neutral losses of phosphoric acid

(-98 Da) from the precursor and fragment ions. During low-energy CID, especially in ion trap mass spectrometers, phospho-
peptides with phosphoserine or phosphothreonine residues readily lose phosphoric acid generating an intense neutral ion in

the MS/MS spectrum. In this experiment, to identify phosphorylated peptides, IMAC-Fe™* was used to enrich for phospho-
peptides from yeast. The captured peptides were analyzed by LC-MS/MS using an ion trap. This product spectrum was

acquired on a 1184 m/z precursor ion. The Sequest search identified the phosphopeptide LEDIPVDDIDFS*DLEEQYK as the
top hit (Cn = 5.4). Manual analysis of the MS/MS spectrum identified the most intense ion as a neutral loss of —49 (phosphoric

acid) from the doubly charged precursor ion. For singly or triply charged phosphopeptide precursor ions, neutral losses of =98
and —32.6 would have been observed, respectively. In this spectrum, a relatively intense proline peak is also observed.

5. Look for independent spectra identifying the same peptide.

For abundant peptides, different charge states (e.g., +2 and +3) of the identical peptide may be
selected for fragmentation. Since the searches for different charge states are independent of each
other, the probability that the identification is correct increases if the searches return the same
peptide sequence.

6. Evaluate the basicity of the fragment ions.

Several studies have examined the influence of basic residues on fragment ion intensities (Paizs
and Suhai 2002; Tabb et al. 2004). When a tryptic peptide contains a single basic amino acid
residue fragmented by CID (Lys or Arg), the product ions that retain the basic residue are gen-
erally more intense compared to the other fragment ion. For fragmentation in ion trap mass
spectrometers, the y-ions are typically more intense than the b-ions. When triply charged pep-
tide ions are fragmented by CID, the product ions that contain multiple basic residues (Lys, Arg,
His) are more likely to be doubly charged (Tabb et al. 2006). For singly charged precursor ions,
one of the fragment ion series may dominate over the other series, especially if the terminal
residue is a strongly basic Arg. When validating the MS/MS spectrum, b- and y-ion products that
follow these observations support the identification.

7. Examine the low mass ions in the MS/MS spectrum.
In ion trap mass spectrometers, the mechanism of CID does not allow for trapping of fragment

masses below 28% of the precursor mass. As described earlier, ion trap mass spectrometers suffer
from the “1/3 rule” during fragmentation and fail to retain the low mass ions. However, the
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TOF/TOF and QTOF instruments retain the low mass product ions. The low mass ions may reveal
information about the sequence composition of the peptides that can be very useful for validat-
ing the peptide hits from the database search. Immonium ions are internal product ions pro-
duced as a secondary fragmentation of the amide bond during CID. Their structure is represent-
ed by RCH=H,N*, where R indicates the amino acid side chain. For an amino acid, its immoni-
um ion is 27 Da less than its residue mass. Each amino acid in a peptide has a characteristic
immonium ion. The presence of immonium ions in the low mass region of an MS/MS spectrum
can indicate the presence of that amino acid in the peptide. The Tyr (136), His (110), Met (104),
Pro (70), Phe (120), Trp (159), Leu/Ile (86), and Val (72) immonium ions are most often observed.
The sequence composition of the peptide can be verified using the immonium ions. The carboxy-
terminal residue of the peptide can be checked against the product ions in the low-mass region
of the spectrum. For peptides with a carboxy-terminal Lys residue, the appearance of an ion at
147 may be detected. If the carboxyl terminus is an Arg, a product ion at 175 may be detected.
While b, ions are rarely seen and y, ions are often low intensity, an intense ion pair in the lower
my/z range of the MS/MS spectrum separated by 28 Da is frequently observed. The ions correspond
to the a, and b, fragment ions and is the result of the facile loss of CO from the b, ion. This pair
of ions is commonly called the “a,/b, pair”. Appendix 6 lists the m/z values of all the possible b,-
ion combinations of amino acid residue masses.

For cases where accurate identification of the peptide sequence is essential for future experiments,
the peptide is often chemically synthesized and the fragmentation pattern of the synthetic pep-
tide is compared to the MS/MS fragmentation of the native precursor ion. The two MS/MS spec-
trum should show identical fragment ions (m/z) and relative intensities.
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