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5N-labeling of di- and tripeptides reveals that electron capture to doubly protonated peptides results almost
exclusively in ammonia loss from the N-terminal end, which clearly shows that a significant fraction of
electron capture occurs at this end. In accordance with this finding, the competing channeCgfbnd
breakage leads o™ ions and neutrat fragments after electron capture to small dications. In larger peptides
that live long enough for internal proton exchanges to occlipns are also formed and in some cases in
dominant yield. Attachment of one or two crown ethers to ammonium groups is likely to reduce the probability
of proton transfer, which enhances the formatioz'ofelative toc*. The total yield ofz™ andc* is, however,

more or less unchanged, which indicates that proton transfer or hydrogen transfer froggaoNpi to the

amide group is not required for theNC, bond breakage.

Introduction the nearest ammonium group and that the probability oty

. . . bond breakage does not strongly rely on crown ether attachment,
Electron capture (EC) by peptide cations in the g""S'ph‘rﬂsewhereas the relative ratio betweett andc*t ions does.

results in extensive backbone fragmentation to give the sequence- .
specific ¢ and z* ions in competition with hydrogen and In a series of papers, we have shown that capture of electrons

ammonia los$.The mechanism of electron capture dissociation PY Peptide cations from alkali-metal atoms produce fragmenta-
(ECD) is a hotly debated subject. One recent model assumedion similar to that resulting from the capture of thermally
EC at the amide €0 bond followed by fast proton abstraction generated free eIectreﬁé.ln the_former process, the electren
from a nearby ammonium driven by the Coulomb attraction. IS transferred from either sodium or cesium atoms to ions

Coulomb-assisted attachment te Sand G-S bonds was also ~ raveling at high velocity, the interaction time being a few
proposed by Simons and co-workérdere, experimental data femtoseconds. This technique is named electron-capture-induced

that indicate electron capture by the N-terminal ammonium dissociation (ECID). The similar fragmentation spectra obtained
group in addition to some support for capture at the amide bond from ECD and ECID indicate similar dissociation mechanisms.
is presented. Electron capture by sm¥iN-labeled peptide In this work, solid-phase synthesis was used to méke
dications was investigated by colliding such ions with cesium labeled peptides (see the Supporting Information), which were
atoms in an accelerator mass spectrometer to provide informa-€lectrosprayed to produce doubly protonated peptides in the gas
tion about the subsequent ammonia loss channel. The peptideghase. After acceleration to a kinetic energy of 100 keV, ions
studied were [AK+ 2H]2", [KK + 2H]2*, [AAK + 2H]?H, of interest were mass selected by a magnet and collided with
and [GHK+ 2H]?* (A = alanine, K= lysine, G= glycine, H cesium vapor in a collision celiThe cesium pressure was high

= histidine), all with lysine at the C-terminal end to allow for enough that more thafis of the ion beam was converted to
double protonation of the peptides. The N-terminal ends were Singly charged ions. Velocities of [KK- 2H]** and of the
15N-labeled to identify from which end ammonia loss occurred. dication with one crown ether attached are 2.60° m/s and

In other experiments, internal proton exchanges were prohibited1.9 x 10° m/s, respectively, which results in flight times from
by the attachment of crown ether to one or to both ammonium the collision cell to the electrostatic analyzer of about 6 and
groups. Our results indicate that the amide group plays a major8 us, respectively (flight distance of about 1.5 m). Other
role in the electron capture process, directing the electron to experiments were also performed at a lower pressure under
single-collision conditions. The resulting product ions were

* Corresponding author. E-mail: sbn@phys.au.dk. scanned in an electrostatic analyzer to provide ECID spectra.
Igg'r:’;:st%isfeéiat;h“s- Results for [GHK+ 2H]?* and [AAK + 2HJ?+ are shown

s University of Aarhus. in Figure 1 where the dominant channels after electron capture
' University of California at Berkeley. are hydrogen loss, ammonia loss ang @}, bond breakage as
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Figure 1. ECID spectra of (a) [GHKt 2H]?" and (b) [AAK + 2H]?*.
M2+ denotes the parent ion.
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Figure 2. Partial ECID spectra of (a) [AK- 2H]?*, (b) [KK + 2H]?*,
(c) [AAK + 2H]?*, and (d) [GHK+ 2H]?". M* denotes the intact
reduced parent ion. All four peptides dfdl-labeled at the N-terminal
end.

described earliet? In the case of [GHK+ 2H]?*, the intact
charge-reduced ion, [GHK- 2H]**, was observed.

Higher resolution ECID spectra of [AK- 2H]?", [KK +
2H?H, [AAK + 2H]?", and [GHK + 2H]?" in the region of
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Figure 3. Electron capture to the N-terminal end leads to ammonia
loss from this end and** ions.
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Figure 4. ECID spectrum of ¢-15N-KK + 2H]**(CE), CE =
18-crown-6.

however, EC by [AK+ 2H]?>" produced mainlyz™ ions, EC
by [KK + 2H]?" produced mainlc* ions, whereas™ andz*™
ions were formed in similar numbers after EC by [AAK2H]>*
and [GHK + 2H]?".2 The two z and c fragments may stay
together as an ionmolecule complex allowing for proton
exchange&.In the case of [KK+ 2H]?" and tripeptides, there
may also be internal ionic hydrogen bonding between different
amino acid residues. As a result; will be formed in
competition withz** ions dependent on the lifetime of the
complex and the proton affinity of theversusz fragment.
Complexes of crown ether (CE 18-crown-6) and peptides
were investigated to lower the probability of proton transfer.
The preferred site of binding is the side chain of lysiedduct
formation between [AK+ 2H]?" and crown ether does not
decrease the probability?, of N—C, cleavage after electron

the ammonia loss peaks are shown in Figure 2. In all cases,capture from sodiumR = 0.32, 0.41, and 0.33 for [AK+
there is a peak that corresponds to an ion with mass 18 Da les2H]?t, [AK + 2H]?"(CE), and [AK+ 2H]2"(CE), respectively,
than that of the charge-reduced parent ion, which clearly measured under single-collision conditiof&yyhich indicates

demonstrates thatNHjs is lost. Loss of*“NH3 (mass 17) from

that proton or hydrogen atom transfer frerlNH3 is unimportant

the lysine side chain occurs with a probability less than 3%, for this fragmentation. This is in accordance with previous work
which indicates that electron capture followed by ammonia loss on peptides metalated with divalent metal ions whetrend
is governed by the nearby environment of the ammonium group. ¢c* ions were also formed after electron captiireézor the

Elimination of NH; mainly from the N-terminus is consistent
with the computational analysis by Tuecand Syrstafl.Yao

et al’ predicted that H loss is likely to originate from the side-
chain NH; group where it wins over the loss of ammonia, which

supramolecular complex between [KK2H]?T and one crown
ether, ammonia loss occurs exclusively from the N-terminal end
but the abundance & ions is 4 times larger than that of
ions (Figure 4). A similar enhancement a* formation was

is also consistent with our results. However, we cannot exclude obtained for [KK+ 2H]2"(CE). In agreement with these results,
the possibility that some or all H loss occurs from the N-terminal we also found that EC by [GHK- 2H]?*"(CE) and [AAK +

end.

2H]?"(CE) led to dominant formation af** andz™ ions and

Electron capture by the N-terminal end may result in a greater much diminished yield of* ions because the ammonium group

abundance af™* versus ¢ after N—-C, cleavage. Interestingly,

of the lysine side chain is less likely to donate its proton to the



Letters J. Phys. Chem. A, Vol. 111, No. 39, 2009643

neutralc fragment. It should be emphasized that association of ~ Supporting Information Available: Synthetic procedures
crown ether with the ion also affects the stabilities of the charge for 1°N-labeled peptides as well as the ECID spectrum of [KK
sites and the recombination energies upon electron capture4 2H]>"(CE). This material is available free of charge via the
which may also affect the eventual product partitioning. Internet at http://pubs.acs.org.

In our previous work, we have found that the probability of
N—C, bond breakage is about 230% for a series of peptides  References and Notes
ranging in size between 2 and 11 residffeRirect electron (1) Zubarev, R. A.: Kelleher, N. L.: McLafferty, F. Wi Am. Chem
transfer to the amide site has been predicted to occur at a ratesoc. 1998 120, 3265. (b) Zubarev, R. AMass Spectrom. Re2003 22,
approximately 100 times less than that for transfer to the 55. (c) Zubarev, R. A.; Haselmann, K. F.; Budnik, B.; Kjeldsen, F.; Jensen,
protonated amine site in the case of a singly charged model F. Eur. J. Mass Spectron2002 8, 337. (d) Cooper, H. J.; Hakansson, K.;

- . - . Marshall, A. G.Mass Spectrom. Re2005 24, 201.
2
peptidel? but this number is likely different for doubly charged (2) (2) Syrstad, E. A Turek, F.J. Am. Soc. Mass Spectrof005

peptides where there is additional Coulomb stabilization of 16 208. (b) Turéek, F.J. Am. Chem. So€003 125 5954. (c) Anusiewicz,
NCO . The authors also found that once the electron is captured I(é)Ber%yS-liochanska, J; Simons,Jl.PdhyS- Chﬁm. EZOOE 109, 58(le.

; i ; _ ili Sobczyk, M.; Anusiewicz, |.; Berdys-Kochanska, J.; Sawicka, A.;
at g(;ther.tthgt prﬁltonateql amlnt(;:‘1 Stlte‘tor thti Cotlélomb s(;ablllzed Skurski, P Simons, d1. Phys. Chem. 2005 109, 250,
amide site 1t will remain on that site rather than undergo a — (3) (4) sawicka, A.; Skurski, P.; Hudgins, R. R.; SimonsJ.JPhys.
subsequent intramolecular transfer to the other site. In contrast,chem. 82003 107, 13505. (b) Sawicka, A.; Berdys-Kochanska, J.; Skurski,
an electron can undergo a through-bond transfer from a RydbergP.; Simons, Jint. J. Quantum. Chen2005 102, 838.

_ * 13 i indi (4) (a) Hvelplund, P.; Liu, B.; Brgndsted Nielsen, S.; Tomita)r.

Sta(;e hOf NHs to a 3_.5 (:]. Statel'( Theﬁe p][ewous fl.ndmgs . hJ. Mass Spectron2003 225 83. (b) Chakraborty, T.; Holm, A. I. S;
and those presented In this work are therefore consistent Withe|njund, P.; Brendsted Nielsen, S.; Poully, J.-C.; Worm, E. S.; Williams,

the superbase mechanignbut there may be other plausible E. R.J. Am. Soc. Mass Spectro@006 16, 1675. (c) Hvelplund, P.; Liu,
explanations of these data. B.; Brgndsted Nielsen, S.; Panja, S.; Poully, J.-C.; StgchkdhtKJ. Mass

: Spectrom2007, 263, 66.
.TO .Summanz.e’ W.e ha.ve .found that electron .capture by (5) (a) Boltalina, O. V.; Hvelplund, P.; Jgrgensen, T. J. D.; Larsen,
dipeptide and tripeptide dications leads to ammonia loss from . C.: Larsson, M. O.; Sharoitchenko, D. A.; Sgrensen,A¥lys. Re. A
the N-terminal end, which implies that significant electron 200Q 62, 023202. (b) Larsson, M. O.; Hvelplund, P.; Larsen, M. C.; Shen,
capture close to this group, if not directly, occurs. A competing H- Cederquist, H.; Schmidt, H. Tnt. J. Mass Spectromi99§ 177, 51.

; ; ; . + o (6) Ture®k, F.; Syrstad, E. AJ. Am. Chem. SoQ003 125, 3353.
reaction is N-Cq bond breakage to giva™ or c” ions. (7) Yao, C.; Syrstad, E. A.; Tufe&, F.J. Phys. Chem. 2007, 111,

Attachment of crown ether to ammonium groups should 4167
significantly reduce the probability of H or Htransfer from (8) Tureek, F.; Syrstad, E. A.; Seymour, J. L.; Chen, X.; Yao,JC.
these sites, but the propensity forl€, bond breakage is more ~ Mass Spectron2003 38, 1093.

or less unchanged. The branching ratio betweenand ¢, 21]H(S()S)lé]ulian, R. R.; Beauchamp, J. Int. J. Mass Spectron2001, 210/
however, increases in favor af*, again consistent with (10) P is defined as the total yield af andz* divided by the total

chemistry associated with the electron at the N-terminal end. yield of products from electron capture.
(11) (a) Fung, Y. M. E; Li_u, H.; Choan, T.-W. DI. Am. Soc. Mass
Acknowledgment. S.B.N. gratefully acknowledges support ggggggmgggg 1177 1775371 (b) Liu, H.; Hakansson, KI. Am. Soc. Mass
from the Danish Natural Science Research Council (grant nos. (12) Anusiewicz, I Berdys-Kochanska, J.: Skurski, P. Simons, J.
21-04-0514, 272-05-0476, and 272-06-0427), Carlsbergfondetphys. ‘chem. 2006 110, 1261.

(grant no. 2006-01-0229), and Lundbeckfonden. (13) Sobczyk, M.; Simons, Jnt. J. Mass Spectron2006 253 274.



