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De novo sequencing of proteins is an important task when R,\ﬂ/g.. R
genome sequence information is not available or inaccurate, as in CH) o H o
many proteomic studi€s* Complete de novo sequencing with CC‘H/C// !H/c//
mass spectrometry (MS) remains a challenge, especially distin- \NH . \NH R
guishing between Xle (isoleucine and leucine) amino acid residues RR"CH, RURVCH, o
and identification of the two first N-terminal residues. The latter is | |
mainly due to the absence of fragmentation at the N-terminal amide {2 zion o w fon
bond and identical nominal masses of many amino acid pairs. To FEPTIDE CHAN PEPTIDE CHAN
overcome this problem, condensed-phase approaches using one CHRR" P
cycle of Edman degradation followed by mass determination of CH/C// 4
the truncated peptides have been suggested by Hunt éflale r& \i . NH e
recently, Gaskell and co-workers suggested tandem MS analysis R;"—cF\CH/
of N-terminal phenyl isothiocyanate derivatives of tryptic peptides, R,,,/ | R Lo
yielding complementary; andy,—; fragment ion$. Reid et al. O z-ion | uiom
combined N-terminal derivatization with gas-phase fragmentation PEPTIDE CHAIN PEPTIDE CHAIN

of neutral peptides via ieamolecule reactions with acylium ios. ~ Figure 1. The proposed mechanisms farandu ion formation from the
The challenge of determining the Xle residue identities by MS Precursoz radical ions.
has traditionally been met by high-energy collision-activated 44

dissociation (HE CAD}.Recently, a new technique of hot electron 1 . M+ 2H L i—
capture dissociation (HECPhas been introduced that produces 1 Nealsnw EE SKE PES R u'@w
secondary losses in the side chains of N-terminal amino acigs of 3_

fragment ions. The formed fragments revealed the identities of - * MWM%MWM

402 410 414 418

20 out of 25 Xle residues in enzymatic peptides of the PP3 bovine
milk proteinl? Of the remaining five Xle residues, two N-terminal
ones could be a subject of a two-cycle Edman degradation reaction, 10

I v, (alty

as in the method by Hunt et al. 1 19
Here we report on the novel reaction in HECD that afforded 1 J i | J\
identification of the remaining three Xle residues. This achievement ] A B ’ wh

finalizes MS-based sequence characterizdtiona 15 kDaprotein, 4 | | | || W e
which, to the best of our knowledge, has become possible for the ¢ jubedall L LI LN " %,.MIM sl +\ il
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first time. The mechanisms of secondary losses yieldifi;ggments 2 400 800 m/z 1200 1600 2000
. . . 77 109

and u ions (our nomenclature) are shown in Figure 1. Both 1 H-NAIEGSEETTEHTPSDASTTEGﬂtMEléGHKlI:MZR-OH

fragmentations involve a radical-site initiated bond breakage. For ¢

N . . (M + 4H)*" (M + aH)*
w, ion formation fromz', ions, the cleavage occurs between ffhe

o
|

formation between the N-terminakcarbon atom and thgé-carbon :
in the adjacent amino acid residue of tig ion. This type of | ‘1‘
fragmentation, first reported by Biemann and co-workéier HE [ i
CAD, is now found in HECD spectra of many polypeptides. 1 ‘ I N J L& ’N NJ [‘

Figure 2 presents the HECD mass spectra obtained with Fourier e .} e Mﬂ“,h, :\"f v AR il MWW\M
transform mass spectrometry. Electrospray-produced dications and 200 400 600  800m/z1000 1200 1400 1600 1800
tetracations of PP3 peptides 281 (2+, m/z 965) and 77109 Figure 2. HECD spectra of PP3 peptides281 (2+, m/z 965) and 77
(4+, m/z 894) were isolated and irradiated for 300 and 200 ms by ﬁgg (4;' dn\/LZe894)I‘.e—£h§éi}\'}Jé?’ ag(\’/li‘gg'r?cnes ?;t?_"rgtr;?nﬂ}g Sf:'sduwfsasbﬁfv ed
9 and 10 eV electrons, respectively. In these spectra, secoddary tor the Uro anléol’bo ioﬂsl v

andw ions from totally three Xle residues were either absent or . . .
overlapping with other backbone fragment ions. The presence of

t University of Southern Denmark. theu, anduygions for peptide 2541 andusg ions for peptide 77
* Uppsala University. 109 identifies these residues as bgliesg, and Le. In all cases,

1.
andy-carbons in the N-terminal side chain forming a double bond = = 4 F u
between thex- ands-carbons. % “H ﬁ
The production of C-terminal secondaryions can be explained §1 4 N i ‘H‘“‘ .
by the creation of a five-membered lactagléctam) via bond B Wt AV
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Figure 3. Broadband HECD mass spectrum of Bns of the peptide EDLISKEQIVIR with assignments of secondary fragment ions and their precursors.

the u ions corresponding to alternative assignments were absent.

of 4 difference in the abundances between these two ions enabled

The u;p andusg ions showed evidence of H-atom losses. This was the distinguishing.Additional complication exits for the identifica-
an isolated observation, which is currently under further investiga- tion of N-terminal Xle residues. For the first Xlg,ions do not

tion.

While Biemann et al. observed oneion (from Leu) in their
study?? the origin of theu ions reported here is much more general.
As an example of this, Figure 3 shows a HECD spectrum of the
dodecapeptide EDLISKEQIVIR. This peptide contains only residues

exist, while itsw ions overlap with small losses from the reduced
molecular specie¥: > This was verified for two isomeric peptides
ISDRIELYPIALR and LSDRLEIYPLAIR, HECD spectra of which
looked identical in terms of Xleidentification. PP3 sequence is
the most unfavorable case with two N-terminal Xle residues. The

that are expected to undergo secondary fragmentation since theyidentification of the second Xle hinges on the presence ofvits

all carry nonaromatic side chains on thgicarbon, as suggested
by Biemann and co-workef8.The spectrum exhibits twd, nine

w, and fiveu ions.w ions from direct side-chain loss were observed
for all but three residues (E, D, and R). Théons denoteds, us,

Uz, Ug, anduyg originated from secondary side-chain losses in the
lle,, lles, Glug, Lysz, and llg residues, respectively. All fiva ions
were positively identified with mass deviatiog$ ppm and signal-
to-noise ratios (S/N) o£2.0 except foug (S/N = 1.3). Three out

of four Xle residues could be identified viaions alone.

Formation ofu ions is a minor channel af ion fragmentation
compared to that giving ions. Hence, from the nine ions in the
spectrum in Figure 3, ning ions and only five secondanyions
were formed; the total abundancewfons was 24% of that ofv
ions. The only exception was thg ion (S/IN= 2.3 vs SIN= 1.5
for wy). The preferential secondary loss from the Glu side chain
seems to be a general trend.

To understand tha/w branching ratio, enthalpies of formation
of wandu ions were calculated by the semiempirical PM3 method
for peptides IL, KK, and VVR. Thew ions turned out to be by
60—90 kJ/mollessstable tharu ions. The higher rates of ion
formation in HECD are believed to be due to the entropy factors
that favor radical-initiated losses on shorter distances.

Interestingly, the conventional low-energy EEDf the same
peptide as in Figure 3 gave twoions. The abundance of was
60% lower andi; 30% higher than in HECDys, ug, andu;o were
absent. This was not surprising singéons have also been reported
in ECD at lower abundances than in HECD.

When two neighboring amino acids in a sequence are identical,
W, andu, ions become isomeric. A complication can arise in the
case where two different Xle residues are adjacent. Thengthe
ion can be confused with the, ion of the alternative assignmelit.
Such an example is found for the isomeric analogue SDRENP
of the tryptic decapeptide SRP frosaccharomyces cerisiae
Here, HECD gave rise to an abundant (S#NL.2.4)w, ion at mass-
to-charge ratior{yz) 469 as expected for Beand a less abundant
(S/N= 3.1)us ion atm/z 455 as expected for LeuThe samam/z
corresponds to aw, ion from a Ley residue. However, the factor

ion, which in the case of the N-terminal peptide 24 (ILNKPE-
DETHLEAQPTDASAQFIR) was overlapping with other ions. In
more favorable cases of the N-terminal sequence, full MS-only
sequence characterization should be possible.
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