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Abstract

Doubly-protonated bradykinin (RPPGFSPFR) and an angiotensin Il analogue (RVYIFPF) were subjected to hydrogen/deuterium (H/I
exchange with CBOD in a Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer. A bimodal distribution of deuterium incorpo
ration was present for bradykinin after H/D exchange for 90 s at g0TDpressure of 4 10~7 Torr, indicating the existence of at least two distinct
populations. Bradykinin ion populations corresponding to 0—2 and 5-11 deuteriums ¢j.®;,D,, Ds, Dg, D7, Dg, Dg, D1g, and D ;) were
each monoisotopically selected and fragmented via sustained off-resonance irradiation (SORI) collision-induced dissociation (C}Ep,The D
ion populations, which correspond to the slower exchanging population, consistently require lower SORI amplitude to achieve a similar precur
ion survival yield as the faster-reactingHD;;) populations. These results demonstrate that conformation/protonation motif has an effect on
fragmentation efficiency for bradykinin. Also, the partitioning of the deuterium atoms into fragment ions suggests that the C-terminal arginir
residue exchanges more rapidly than the N-terminal arginine. Total deuterium incorporation figgla@t b/y; ion pairs matches very closely the
theoretical values for all ion populations studied, indicating that the ions of a complementary pair are likely formed during the same fragmentat
event, or that no scrambling occurs upon SORI. Deuterium incorporation into, taepgeudo-ion pair does not closely match the expected
theoretical values. The other peptide, doubly-protonated RVYIFPF, has a trimodal distribution of deuterium incorporation upon H/D exchan
with CD;0D at a pressure of & 107 Torr for 600 s, indicating at least three distinct ion populations. After 90 s of H/D exchange where at least two
distinct populations are detected, thg-D- ion populations were monoisotopically selected and fragmented via SORI-CID over a range of SORI
amplitudes. The precursor ion survival yield as a function of SORI amplitude falls into two distinct behaviors corresponding to slower- and faste
reacting ion populations. The slower-reacting population requires larger SORI amplitudes to achieve the same precursor ion survival yield as
faster exchanging population. Total deuterium incorporation into i, jon pairs matches closely the theoretical values over all ion populations
and SORI amplitudes studied. This result indicates grenygl I3 ions are likely formed by the same mechanism over the SORI amplitudes studied.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction [1,2]. Investigating gas phase structure will aid in the under-
standing of the role solvation plays in solution phase protein
The investigation of the gas phase conformation of bio-and peptide structuref8]. The three-dimensional gas phase
logically relevant molecules such as proteins and peptidesonformation of proteins and peptides is also important because
has been an area of recent interest because of the desire unimolecular dissociation may be affected by the conformation
understand the relationship between solution and anhydrowd/or protonation motifs of the molecu[d—6]. Different
(i.e., gas phase) structures, and because gas phase structwesformations/protonation motifs sometimes have different
are fragmented in analytical mass spectrometry experimenfsagmentation patterns, as recently demonstrated for an aspartic
acid containing fixed charge derivative peptid@. Both ion
_ mobility and hydrogen/deuterium (H/D) exchange have been
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Presumably, hydrogen atoms which are strongly involved iry, ions, where: is the number of amino acid residues counting
hydrogen bonding or which are not accessible on the surface dfom the N- or C-terminus, respectivd§0]. The fragmentation
the peptide will not readily exchange for deuterium. Gas phasef doubly-protonated peptides often results in the formation of
H/D exchange reactions are commonly studied in a Fourier tran$,,/y,,_, ion pairs, in which each ion is singly-protonated aind
form ion cyclotron resonance (FT-ICR) mass spectrometer at & the total number of amino acid residues in the peptide. Pre-
reagent pressure of T6-10-°Torr and for times up to sev- sumably, these ion pairs can be formed simultaneously by the
eral minutes or hourfl0,12,13] The most common exchange same mechanism if, when the amide bond cleaves, one ionizing
reagents are N§) CDsOD, and DO. Of the reagents listed proton islocated on each of the newly formgdind y,,—,, ions.
here, exchange reactions with BlBre the most facile and are Williams and co-workers have shown by blackbody infrared dis-
thought to occur through an onium ion or tautomer mechanisnsociation (BIRD) that the lowest energy fragmentation pathway
[13]. D20 is generally the slowest reagent and exchange occurfsr doubly-protonated bradykinin results in the formation of the
through the relay mechanism in whichO inserts into a pro-  by/y7 ion pair[29]. This is supported by molecular dynamics
ton bridge between two heteroatoms, or the flip-flop mechanisreimulations which demonstrate the protonated N-terminal argi-
(for carboxylic acid functional group$13,14]. The onium ion nineis partially solvated by the backbone carbonyl oxygen of the
mechanism is unlikely with RO given its low gas phase basic- proline residue in the second position, which likely contributes
ity. Exchange reactions with GJOD are also thought to occur to formation of the b and y; ions[29].
through the relay mechanism, or the flip-flop mechanism for Attempts to combine ion-molecule reactions with fragmen-
carboxylic acid functional groups. tation studies of bradykinin have been reported. McLuckey and

The ion mobility and H/D exchange of the nonapeptideco-workers observed two ion populations for doubly-protonated
bradykinin and related analogues have been extensively studiddadykinin with different rates of hydroiodic acid attachment
[10,12,15-28]lon mobility measurements have shown that thein an approximate ratio of 55:45 (for slow- and fast-reacting
singly- and doubly-protonated ions of bradykinin have a similarpopulations]26]. Uponisolation and fragmentation of the slow-
cross-section, while the triply-protonated ion has a cross-sectioreacting ion population, they observed a mass spectrum identical
thatis approximately 15% larger, providing evidence for a mucho the mixture of populations, indicating interconversion of the
less compact structufg5—-17] H/D exchange studies withJ®,  ion populations. Also, the slower-reacting population could be
CD30D, NDs, and DI have detected two non-interconverting converted back to the mixture of conformations through gentle
ion populations for doubly- and triply-protonated bradykinin activation[26]. Lifshitz and co-workers attempted to fragment
[20,22,24-27] These ion populations were not detected bydoubly-protonated bradykinin labeled via H/D exchange with
traditional ion mobility experiment§l5-17] suggesting the NDgz [24]. They observed a shift of three mass units for the
conformers have a similar collisional cross-section. Anothelyg and y, ions, and two mass units for thg bn. Also, they
possibility is that the conformations are different in the tworeport the neutral loss of water from the precursor ion does not
instruments because of different timescales (milliseconds in ionontain any deuteriuj24]. However, they also report any con-
mobility and minutes in FT-ICR). The bradykinin ions may clusions based on these data are tentative because the ionizing
be folding or unfolding on the longer timescale of the FT-proton at the amino terminus is expected to be mobile (assum-
ICR during accumulation in the hexapole or during the H/Ding a salt-bridge structure), thereby causing deuterium scram-
exchange experiment. Calculation of site-specific rate constantsing upon ion activatiori24]. In fact, scrambling of “mobile”
by Lifshitz and co-workers revealed the first three exchangeprotons and deuteriums in peptides is well-documented in the
of doubly-protonated bradykinin with GJOD and NI} have literature[31-34] Mao and Douglas performed H/D exchange
equivalent rate constanf84]. They attribute these first three of bradykinin fragment ions g/ y7, ys, Y82, bs, a, bs, and
exchanges to the hydrogens at the protonated amino terminus and observed that the y-ions exchange more redaiy.
Later studies by Guevremont and co-workers using high-field@’hey conclude this is consistent with the higher exchange level
asymmetric waveform ion mobility spectrometry (FAIMS) com- observed for singly-protonated des-atgradykinin over singly-
bined with H/D exchange detected four separate bradykiniprotonated des-afgbradykinin[22].
populations, including one of very low abundance, for the Here, the SORI-CID fragmentation of ion populations sep-
doubly-protonated peptid3]. In general, ion mobility and arated by H/D exchange of doubly-protonated bradykinin with
H/D exchange results support a compact, folded conformatio@D3OD is reported. These populations may differ in the spatial
for both singly- and doubly-protonated bradykinin in which the distribution of the atoms (i.e., conformation) or in the location of
basic and acidic sites interaft0,16,29] The existence of a the protons and hydrogen-bonding scheme (i.e., the protonation
salt-bridge, in which the carboxy terminus is deprotonated andnotif). In addition, upon ion activation, ion populations may
both arginine residues are protonated, has been proposed foonvert into other conformations/protonation motifs. The FT-
singly- and doubly-protonated bradykinj7,28] In doubly-  ICR allows monoisotopic selection of both the precursorion and
protonated bradykinin, the amino terminus, which is the thirdindividual ion populations following the labeling experiment.
most basic site on the peptide, is also likely protonated in th@ hese experiments reveal some differences in the energetics of
inactivated salt-bridge structure. fragmentation for different ion populations. Also, the deuterium

Fragmentation studies of bradykinin have also been reported¢ontent of fragment ions and,fy,,—, ion pairs is examined.
In slow-heating ion activation methods, peptides tend to fragin addition to the studies presented here for doubly-protonated
ment at the amide bond, resulting in the formation pfamd  bradykinin, the fragmentation of ion populations labeled by H/D
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exchange for the doubly-protonated peptide RVYIFPF is als@jecting all other mass-to-charge values with a frequency sweep.
reported. RVYIFPF is an analogue of angiotensin Il in whichlons were allowed to exchange with constantzCOID pressure.

the histidine residue in the fifth position has been replacedHeating of the ions occurs upon monoisotopic selection, causing
with phenylalanine. This peptide is of interest because, uposome fragmentation when the reagent gas is leaked into the ICR
H/D exchange of the doubly-protonated species, distinct iomell. It is assumed the remaining precursor ions are collision-
populations are detected. Differences in the fragmentation ddlly cooled after several seconds of interaction withzOD.

ion populations and the partitioning of deuterium atoms into after the appropriate exchange time, a 40 s pump-down time

b,/y,—n 10N pair are discussed. was applied to remove neutral reagents and achieve the low
pressures necessary for FT-ICR analysis. During this pump-

2. Experimental down time, isolation of individual ion populations and sustained
off-resonance irradiation (SORI) collision-induced dissociation

2.1. Materials (CID) fragmentation was sometimes performed, as described

below. H/D exchange of the fragment ions is negligible since

The angiotensin Il peptide analogue RVYIFPF (where R isthe pressure in the ICR cell has dropped to approximately
arginine, V valine, Y tyrosine, | isoleucine, F phenylalanine,5 x 10~° Torr before fragmentation of the precursor ion. One
and P is proline) was prepared using solid phase synthesis prte 30 transients were averaged depending on the strength of the
tocols reported previous[5]. 9-Fluoroenylmethoxy-carbonyl ICR signal.
(Fmoc) derivatives of the amino acids were purchased from All H/D exchange reactions with doubly-protonated
Advanced Chemtech (Louisville, KY). The first residue (C- bradykinin were carried out with a GOD pressure of
terminal residue of the finished peptide) was purchased bourdix 10~/ Torr. In order to examine the fragmentation of ion
to the Wang resin, from Calbiochem/Novabiochem (San Diegopopulations with 5-11 deuteriums incorporated, the precursor
CA). CD3OD (99.9%) was purchased from Cambridge Iso-ion (m/z 530.8) was first monoisotopically selected and exposed
tope Laboratories (Andover, MA) and degassed through severéd the C3OD reagent for 90 s. Following H/D exchange, the
freeze—thaw cycles before use. §bH (99.9%) used for D/H ion populations corresponding to 5-11 deuteriums were each
back-exchange reactions was purchased from Sigma—Aldricimonoisotopically selected and fragmented via SORI-CID with
(St. Louis, MO) and also degassed before use. Bradykinimrgon as the collision gas. The monoisotopic isolation window
(RPPGFSPFR, where G is glycine and S is serine) and all othend amplitude of the pulse ejecting other ions was kept consis-
reagents required were purchased from Sigma—Aldrich and useent for each ion population. SORI time was 500 ms and SORI

without further purification. amplitude was 3 V. Pressure in the ICR cell at the time of detec-
tion was approximately 2 10~° Torr.
2.2. FT-ICR H/D exchange and fragmentation The relative abundance of the doubly-protonated bradykinin

ion populations corresponding to zero to two deuteriums incor-

lons were generated using an Analytica (Branford, CT) secporated after 90s exchange was too low to perform both
ond generation electrospray (ESI) source. An lonSpec (Lakenonoisotopic selection of the precursor ion and the individ-
Forest, CA) 4.7 T Fourier transform ion cyclotron resonanceual ion population. Thereforepn-monoisotopic isolation of the
(FT-ICR) instrument was used for H/D exchange and fragmenprecursor ion was performed. After 90 s exchange, the ion pop-
tation studies. A pulsed-leak configuration described by Freisaulations corresponding to zero to two deuteriums incorporated
and co-workerf36] was incorporated to allow a constant reagentwere monoisotopically selected and fragmented via SORI-CID
gas pressure inthe analyzer region for the desired exchange timees described above for the ion populations with 5-11 deuteri-

The ions were introduced into the instrument by infusingums incorporated. In addition to performing a 3V SORI-CID
10-30uM solutions of the peptides in 50:50 methanol:waterexperiment for ion populations with zero to two deuteriums
with 1% acetic acid using a stainless steel microelectrospraycorporated, a 2.75V SORI-CID experiment was also per-
needle (0.004i.d.) at a flow rate of 2—g.L/min. For the D/H  formed to ensure the selected ion population was fragmented
back-exchange experiment (i.e., labeling in solution and ga® approximately the same survival yield (i.e., within 5%) as the
phase D/H back-exchange with @BIH), the bradykinin solu- Ds—D11 populations. Since hon-monoisotopic isolation of the
tion was prepared 1 h before analysis with 50:50;0D:D,0O  precursor ion was not performed for the population with one
and 1% undeuterated acetic acid. The source temperature wdsuterium incorporated, the isotopic distribution of the frag-
180-200C, and 3.8kV was applied to the electrospray nee-mentation peaks was deconvoluted. This was accomplished by
dle. The instrument has two regions of differential cryogenictaking into account the natural isotopic abundance of the precur-
pumping, referred to as the source and analyzer regions, witkor ion and the statistical probability of2C atom being located
a typical analyzer base pressure ok I0~11Torr. The elec- in each fragmentation ion. Deconvolution of the ion population
trosprayed ions pass through a skimmer, and are collected imith two deuteriums incorporated was not attempted.
an external rf-only hexapole, where they are allowed to accu- D/H back-exchange reactions with solution labeled doubly-
mulate for 300—1000 ms before being passed into the analyzeharged bradykinin were carried out with a gbH pressure of
through a shutter. An rf-only quadrupole guides the ions intc x 10~/ Torr. SORI-CID was also performed after D/H back-
the cylindrical ICR cell. Once the ions were trapped inside theexchange. In this experiment, the labeled doubly-protonated
ICR cell, the precursor ion was monoisotopically isolated byprecursor ion was reacted with the ¢BH reagent gas for
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90's. Monoisotopic selection was not performed because H/C : “fast” exchanging
exchange of the peptide was performed in solution prior to 5000 < b, b D
gas phase D/H back-exchange. Following D/H back-exchange ° e

the envelope of peaks corresponding to the “slow” and “fast”
exchanging populations were each isolated and fragmented wit 4000 - 7 10
a500ms, 2.75V or 3V SORI pulse with argon as the collision
gas.

All FT-ICR H/D exchange reactions with [RVYIFPF + 2H
were carried out with a C§DD pressure of k 107 Torr. In
order to monitor the amount of exchange as a function of time,2 540
the precursor ionn/z 471.3) was monoisotopically selected
and subjected to H/D exchange for 0-600s. Pressure in th
ICR at the time of detection was approximately 10~° Torr. 1000 D
The first apparent rate constant was calculated by assumin 1 0 2 D, Dig
pseudo-first order kinetics because the exchange reagent A “ ﬂ | J N A Dy
considered to be in great excess of the analyte. Although the 530 531 532 533 534 535 536 537 538
instrument was not pre-conditioned with the deuterating agent m/z

isotopic purity was measured with betaine, a compound Wm?:ig.l. Monoisotopic isolation and H/D exchange of [RPPGFSPFR #2kjh

one exchangeable h)_/drog_en and a known rate Con[ﬂaht CD30D at 4x 1077 Torr for 90 s. Peaks are labeled as Wheren indicates the
The exchange of betaine with GDD was >90% complete, and number of hydrogens which have been exchanged for deuterium.

so contamination and back-exchange was considered negligi-

ble. Subsequent apparent rate constants were estimated by the

peaks in the exchange time plots where product formation angdccommodate H/D exchange reactions as described by Gronert

depletion rates are equivalefd3]. Exchange reagent pressure [38]. In this system, BO is mixed with the helium flow gas

was corrected for ion gauge sensitivity for the water reagenind introduced into the instrument. The RVYIFPF peptide solu-

[37] and the ion gauge (Granville-Phillips, Bayard-Alpert type) tion (approximately 5QM) in 50:50 methanol:water with 1%

was calibrated using the H/D exchange reaction of betaingcetic acid was infused into the instrument at a flow rate of

[13]. 8uL/min. The instrument was first conditioned with© for
[RVYIFPF + 2H?* ion populations labeled by H/D exchange approximately 1 h to remove any hydrogen contamination. The

were monoisotopically selected and fragmented. The precufRVYIFPF + 2H}?* ion was isolated with a 10 mass-to-charge

sor ion was first monoisotopically selected and exposed to thgnit window and allowed to exchange for 10 s at#Ireagent

CD30D reagent (pressure =110~ TOI’I’) for 60s. FoIIowing pressure of approximately 1®Torr.

this 60 s H/D exchange, the ions corresponding to zero to seven

deuteriums were each monoisotopically isolated and fragmented

via SORI-CID. The monoisotopic isolation window and ampli- 3. Results and discussion

tude of the pulse ejecting other ions was kept consistent for each

ion population. SORI time was 500 ms while SORI amplitude3.1. H/D exchange of doubly-protonated bradykinin

was varied from 0 to 1.5V. Fragmentation is observed when

SORI amplitude is set to 0V and collision gas is introduced The doubly-protonated, 9 amino acid residue peptide

due to heating of the ions during the isolation step. Argon wadradykinin [RPPGFSPFR + 2/] contains 19 labile hydro-

used as the collision gas and the 500 ms gas pulse started wiglens, including 1 carboxy terminus, 1 serine, 2 amino terminal,

the beginning of the SORI pulse. Pressure in the ICR at th& backbone amide, and 8 arginine hydrogens, plus 2 ioniz-

time of detection was approximately110~° Torr. Inaseparate ing protons. The monoisotopic isolation and H/D exchange

experiment, [RVYIFPF + 2H]" was monoisotopically selected of doubly-protonated bradykinin with GJOD at a pressure

and reacted with CBDD (pressure =% 106 Torr) for 60s.  of 4 x 10~/ Torr for 90s is shown irFig. 1 The presence of

Following the H/D exchange step, the envelopes of peaks corréwo distinct populations with different rates of exchange is

sponding to [ — Ds and D5 — D12 were isolated and fragmented observed. The difference between these populations is likely

3000 D

undance
o
=}

“slow” D
exchanging 5 D,

over a range of SORI amplitudes (0-3 V). due to a difference in the spatial distribution of the atoms
(i.e., conformation) and/or in the location of the protons and
2.3. lon trap H/D exchange hydrogen-bonding scheme. The most abundant ions for the

slower and faster exchanging populations ar@bd D, respec-
[RVYIFPF + 2HF* was subjected to H/D exchange with tively. The maximum number of exchanges observed at this
D,0 in a ThermoFinnigan ESI-quadrupole ion trap (QIT). H/D timescale and reagent pressure is 14. Although the H/D exchange
exchange in the QIT is complementary to FT-ICR exchangef bradykinin with deuterated methanol has been previously
because the QIT exchange reagent pressure is about four ordeeported[12,20,22,24the data are shown here to demonstrate
of magnitude greater, although exchange time is practicallghe distribution of the labeled ion populations used in the frag-
limited to less than 1 min. The instrument was modified tomentation studies discussed below.
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Fig. 2. SORI-CID spectra for: (a) monoisotopically selectedd@pulation (precursor ion not monoisotopically selected before H/D exchange wibC Rt
4 x 107 Torr for 90s), SORI time =500 ms, amplitude =2.75V and (b) monoisotopically selegt@bulation (precursor ion monoisotopically selected before
H/D exchange with CBOD at 4x 10~ Torr for 90 s), SORI time = 500 ms, SORI amplitude =3.0 V.

3.2. Fragmentation of bradykinin ion populations labeled [ys —H20], but ks is the major component. Also observed in
by H/D exchange the fragmentation of doubly-protonated bradykinin is a large y
ion without the formation of the correspondingibn (Fig. 2).

Following monoisotopic isolation and H/D exchange of However, an ion observed at/z=333.2 was found to have a
doubly-protonated bradykinin for 90 s at a DD pressure of measured exact mass of 333.2042, which agrees well with the
4 x 10~/ Torr, ion populations B, Dg, D7, Dg, Do, D1g, and  theoretical exact mass of 333.2039 fog fpH»0]. In addition,

D11 were monoisotopically selected and fragmented via SORIfragmentation of [MHZ* — H,0] resulted in the formation of
CID with argon as the collision gas. The same experiment wagg andm/z 333.2. Although water cannot be lost from the side-
also performed for the § D1, and B» ion populations, except chains of the first three amino acid residues (RPP), Ballard and
because of lower relative abundance, the precursobéfiire  Gaskell have shown that water loss can involve a backbone car-
H/D exchange was not monoisotopically selected. The SORIbonyl[44].

CID spectra of the B (m/z 531.3) and g (m/z 534.8) ion The fragmentation of the “slow” and “fast” exchanging pop-
populations are comparedhig. 2 The amplitudes of the SORI ulations was studied as a function of SORI amplitude. The
pulses used to generate the spectré&imm 2 were chosen to two populations were each selected as groups of ions, rather
deplete the abundance of the precursor ion to a similar value¢han monoisotopic isolation of individual peaksg. 3 shows
SORI amplitudes of 2.75V and 3V SORI resulted in 11% andthe precursor survival yield over a range of SORI amplitudes
14% survival yields of the isolatediDand DOy precursor ions, (2—4 V) for each population. The faster exchanging population
respectively.

As shown inFig. 2, fragmentation of the doubly-protonated
precursor ion results in the formation of the ion pairgyb
and b/y7. An g ion, which is presumably formed from the
bg ion [39-43] is also observed. Because thgign and the
[bg + H20] ion coincidentally have the same elemental formula,
the identity of the y ion (m/z=904.5 in unlabeled peptide) was
confirmed via MS/MS/MS (M3 experiments. The two main
fragment ions observed upon SORI-CID fragmentation of the
mlz 904.5 ion (data not shown) are water loss agdwith no
evidence of any b-type ions. Similarly, the and [ys — H20]
ions have the same elemental formuigz=886.5 in unlabeled
peptide). The most abundant peak observed in théfkégmen-
tation spectrum ofn/z 886.5 (data not shown) i aHowever, | _
y-type ions are also observed. Overall, b- and a-type ions are5 ;| P(S)matifhang'”g
approximately three times as abundant as y-type ions wher l
complete fragmentation of the/z 886.5 ion is performed g 0 . . — x —Faa
observed at 100% relative abundancg,; bz — H20], y1, Y3, 15 20 25 3.0 35 4.0
Ya, [ya—H20], ys, [ys — H20], ¥, [ys — H20] each observed SORI Amplitude (V)
atlessthan 20%relative abu_ndance)' Therefore, theion Ot_)serVEfa. 3. Precursor survival yield for slower- and faster-exchanging bradykinin
atml/z 886.5 (unlabeled peptide) in the MS/MS fragmentation Ofpopulations (H/D exchange with GDD at 4x 10-7 Torr for 90's) as a function
doubly-protonated bradykinin is labeled as a mixturegpébd  of SORI amplitude (SORI time =500 ms).

70

60 —
N “Fast” Exchanging
\\ Population

50 ~

ursor / Total] * 100

40

30 +

o]
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consistently requires larger amplitude (approximately 0.25 V)orrected spectrum). The labeled peptide was back-exchanged
to achieve similar precursor survival yields (within 5%) as thein the gas phase with GJ®H at a pressure of & 10~ Torr
slower exchanging population. The conformational/protonatiorfor 90 s, and the results are shown kig. 4b. As expected,
difference which attributes to the difference in fragmentationtwo ion populations are observed, with the “faster” exchang-
efficiency cannot be determined from these H/D exchangég population more abundant. The envelope of peaks labeled
studies, but presumably the conformation, and its protonain Fig. 4b as the “slow” exchanging population were isolated
tion/hydrogen bonding motif, is more favorable for fragmen-and fragmented via SORI-CID (SORI time =500 ms, ampli-
tation at lower energy in the “slower” exchanging popula-tude=2.75V), as shown iRkig. 4c. Similarly, the SORI-CID
tion. Also, conversion of ion populations into other conforma-(SORI time =500 ms, amplitude =3 V) spectrum of the “fast”
tions/protonation motifs may occur during the activation evenexchanging population is shown kig. 4d. The spectra shown
and thereby effect the observed spectrum. Another possibility i;n Fig. 4c and d are very similar to those Fig. 2 Consis-
that the population more easily dissociated (slower-exchangintgnt with the H/D exchange experiment, the “slow” exchanging
population) has a larger collisional cross-section, and thereforpopulation, with a larger number of deuteriums, requires lower
undergoes more collisions during a given excitation time SORISORI amplitude than the “fast” exchanging population, with
In order to determine if the difference in fragmentation effi-a smaller number of deuteriums, to achieve a similar precur-
ciency of the “slow” (i.e., B—-D) and “fast” (i.e., 3—Dj1) sor survival yield. Therefore, the difference in fragmentation
exchanging ion populations is due to a deuterium isotope effecgfficiency between the two populations is observed regardless
the peptide was subjected to solution phase H/D exchange. Tt which population contains more deuterium, and cannot be
labeled peptide was then reacted with4CHH in the gas phase attributed to a deuterium isotope effect. Differences in fragmen-
(i.e., D/H back-exchange}:ig. 4a shows the mass spectrum tation for different conformations/protonation motifs separated
of the labeled peptide. Because the H/D exchange was carridny gas phase exchange have been reported previously for a fixed-
out in solution, monoisotopic isolation was not possible. Thecharge derivative peptidé].
peptide contains 19 labile hydrogens and, as showkign4a, The overall picture that emerges from the results shown
the majority of the ion population has exchanged the maxihere is illustrated inScheme & and b. Multiple conforma-
mum number of hydrogens (insethig. 4a shows isotopically tions and/or structures for a given sequence exist in the gas
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Fig. 4. (a) Mass spectrum of doubly-protonated bradykinin following incubation for 1 h,i@:©DsOD:AcOH (50:50:2) solution, inset shows isotopically
corrected spectrum; (b) D/H back-exchange of doubly-protonated bradykinin for 90s (wiBHCIdt a pressure of £ 10~ Torr) following incubation for

1h in D,O:CD3sOD:AcOH (50:50:2) solution, two populations are evident and labeled as “slow” and “fast”; (¢) SORI-CID of “slow” exchanging doubly-
protonated bradykinin population (SORI time =500 ms, amplitude =2.75V); and (d) SORI-CID of “fast” exchanging doubly-protonated bradykiatiopopul
(SORI time =500 ms, amplitude =2.75 V). Compare wiigs. 1 and 2
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Scheme 1. (a) Generalized view of peptide fragmentation in which a common energized structure is formed upon ion activation. (b) Heterogere@epiitmiel
fragmentation in which distinct energized structures are formed upon ion activation.

Abundance

nmz mz

1S Abundance
Abundance

=

phase. Protonation schemes may include a globular structuge5, respectivelyKig. 5b). The sum of the average deuterium
in which the proton is heavily solvated by electronegativeincorporation is 8.0, again matching the total number of deu-
groups, a “local” solvation structure, or a salt-bridge structurgeriums of the selected precursor ion. If the fragment ions were
(Scheme 1 These conformations/structures may have differenformed by independent pathways and H/D scrambling occurred,
reaction rates with the deuterating reagent, allowing them tehe b and y fragments might contain unrelated numbers of deu-
be separated by H/D exchange and subsequently fragmentatéetium that do not add up to the total amount of deuterium in
In the generalized view of peptide fragmentati@cliieme &), the precursor. The close match to the theoretical values fgs b
an “energized” structure is formed upon activation, and distincand by/y7 suggests these ion pairs truly are complementary, i.e.,
populations no longer exist. The energized structure fragmentthe ion pairs are likely formed simultaneously from the same
producing the observed mass spectrum. However, enerdgyagmentation mechanism. If the land y, ions were formed
imparted to the ion during the activation step may not alwaysy different mechanisms, there would be no expectation that the
convert distinct conformations/protonation motifs into onetotal number of deuteriums in the two mechanistically unrelated
common structure. Instead, several distinct energized structuresagments would equal eight. If scrambling occurs either before
depending on the structures before activation, may be formedr during the fragmentation event, it is not manifested in the par-
as illustrated inScheme k. In this “heterogeneous” model of titioning of the deuterium atoms in a complementary pathway
peptide fragmentation, different energized structures may leablecause both ions are formedthe same time.
to different abundances and types of fragment ipfijspr may Fig. 5c and d shows the partitioning of the deuterium atoms in
have different fragmentation efficiencies, and the observethe yi/bgion pair (with some contribution tggfrom [yg — H2O],
mass spectrum is a linear combination of th&deheme b is  as discussed above) and the fbH>0]/ys pseudo-ion pair after
a representative example of what may occur upon activatior6ORI-CID of the ¥ ion population. These results are discussed
although it is important to note that other protonation schemes further detail in the next section, along with the results from
may exist, and that the conversion of specific structures may bieagmentation of other ion populations.
different (i.e., “local” solvation and salt-bridge structures may
not necessarily lead to the same energized structure). 3.4. Distribution of deuterium atoms after SORI-CID of the
D;—D; and Ds—Dj; bradykinin ion populations
3.3. PFartitioning of deuterium atoms after SORI-CID of the
Dg bradykinin ion population The average number of deuterium atoms incorporated into
each of the fragment ions observed is showrFig. 6a. As

As a representative example, the distribution of deuteriunexpected, the largest fragment ion, M —H,0], retains
atoms in traditional- and pseudo-ion pairs following 500 msthe most deuterium. Upon fragmentation of the; bn pop-
3V SORI-CID of the 3 ion population is shown irfFig. 5 ulation, an average of 10 deuteriums are retained with the
Fig. 5a and b shows the distribution of the deuterium atoms ifMH »2* — H,0] fragment ion, and one is lost with the neutral
the bi/yg and p/y7 ion pairs. The average number of deuteriumswater. Some amount of deuterium is lost with the neutral water
incorporated into thejband ys ions is 2.5 and 5.5, respectively for all populations studied. This disagrees with studies by Lif-
(Fig. 5a). The sum of the deuterium incorporation into the b shitz and co-workers which reported no loss of deuterium with
and y ions from the @ precursor is 8.0, which matches the the neutral loss of wat¢24]. However, their H/D exchange step
value of 8 expected if the deuteriums are partitioned betweewas carried out with NB, and despite deuterium scrambling, the
the two fragments. Theoly ion pair (fragmentation between sites of H/D exchange at the time of fragmentation may not be
the two adjacent proline residues) is expected to partition thalentical to exchange with GIDD because different exchange
deuterium atoms identically to the/lyg ion pair (fragmentation mechanisms are involved. The &nd ys ions are almost identi-
between arginine and proline) since the amino acid residue praal in the amount of deuterium retention. This is expected since
line contains no labile hydrogens. Indeed, the average numbéhne difference between the gnd y ions is one proline residue,
of deuteriums incorporated into the bnd y, ions is 2.5 and which has no labile hydrogens. On average, théoy retains



100

K.A. Herrmann et al. / International Journal of Mass Spectrometry 249-250 (2006) 93—105

Dg Prectursor lon

700+
6D
3D
2D 600+ 5D
oo | P ' Yo ‘
500 -
500 4 ‘ ‘
3 @ 400 [ |
§ 400 e
4 ©
2 T 300+
S 3001 1D 4D = 7D
o o 4D |
< < 200 ‘ |
1004 I ‘ |
-,_r,j_s ﬂ _“| '-"“ WY |'|| L] 4% IA i .|fr
904 905 906 907 908 909 910 911 912 91
(a) m/z
3D 700 - 5D 4
400 - bs 2D aiig) Y7
o 300 . 500 -
g 5]
= £ 400
2 2 | 7D
2 2004 3 3004 4D
<C < |
200 4 W | |
100 4 ] I|
1004 | j |
0 0 ';,Jlll"» IJ‘,‘ "'"l<.f‘r|‘frr'1, "-J.lt!.llx
254 807 808 809 810 811 812 813 814 815 81
(b) m/z
3D 600 &0
2 y1 bal’
300 5004
ys-H0] | 4D [
4D |
o 400-
[0] Q |
2 2001 <Cu |
T S 3004 6D
o =
5 2 |
e
2 < 200+ 3D ‘
|
100+ ( |
PRI I /
| ol WV AT VY "' f_1
177 178 179 180 181 886 887 888 889 890 891 892 893 894
(c) m/z m/z
300 .
b 2D 800 5D
7004 Yo
H-0] 6D
3D 600 4
o 2007 i o]
g o 4D
@©
3 S 4004
S 1D 4D Z
2 100- o, 0 7D
2007 3D I l
l‘l ' 100 | |
. | | | ll i
333 334 335 336 337 338 710 711 712 713 714 715 716 717 718
(d) m/z m/z

Fig. 5. lon pairs and pseudo-ion pairs observed for the SORI-CID (SORI time =500 ms, amplB) of themonoisotopically selecteddpopulation (precursor
ion monoisotopically selected before H/D exchange withgOD at 4x 10~7 Torr for 90's): (a) b and ; (b) by and y7; (c) y1 and k/[ys — HoO] (MS® shows l
is major ion, see text); and (d) [B3H20] and .
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« Total ing by, suggests more facile exchange at the C-terminal arginine
S 10 o &[MH2* - H,0] residue.
g o e Fig. 80 shows the sum of the average number of deuteri-
E sl o RE ums incorporated into the ion pairg/ts, ba/y7, and yi/bg (with
£ .. N i:;';’ some [y — H20] contribution), and the pseudo-ion pairgag
= el o o * b e and [l — H20]/ys. Excellent matches to theoretical for all ion
= o s A gy e populations are obtained for the ion pairgyl and b/y-. This
% " ” /”: * =2 b, indicates these ions of a given complementary pair are likely
3 /i/ : g e{—b, being formed simultaneously through the same mechanism. The
5 ] A s — L ion pair y1/bg (with some [y — HoO] contribution) also closely
2 . // e matches the theoretical for most ion populations despite having
= x— a mixed composition. It is likely that, althougl i expected
= 0 o 2 4 & 8 10 to retain more deuterium, the excess deuterium is lost with the
(@) No. deuteriums in precursor ion neutral water loss, causing land [ys — H2O] to retain very

similar amounts of deuterium. A much poorer match to theo-
retical is found for the pseudo-ion paii/gg, with the sum of

the deuterium incorporations consistently slightly lower than
the theoretical for most ion populations. One of the mechanisms
thought to occur for the formation of ap ®n is loss of CO from

the b, ion [39-43] However, this mechanism does not involve
hydrogen. If this is the only mechanism occurring to form the
ag ion, then the sum of the deuterium incorporation into the
y1/ag pseudo-ion pair is expected to match the theoretical value
for each ion population (assuming §nd I3 are formed by the
same mechanism). Therefore, it is possible that thea is
being formed, at least some of the time, by another mechanism.
; : Deuterium incorporation into the pseudo-ion pay fbH20]/ys

9 10 M is also lower than the theoretical value for all ion populations
(b) No. deuteriums in precursor ion studied. However, this deviation may be due to some amount of
deuterium being lost with the neutral water loss.

-
n

|| M Theoretical vy, +bg/[y;-H,0]
[[Oby +yg Oy +ag
[|EAb2+Ys B [bg-H, O]+ ys

_
o =

T avg. no. of deuteriums in fragment ion
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Fig. 6. Deuterium incorporation into fragment ions for the SORI-CID p&idd
Ds—Ds1 ion populations of doubly-protonated bradykinin after H/D exchange
for 90 s with CyOD at a pressure =% 10~ Torr: (a) individual fragment ions 3.5. H/D exchange of [RVYIFPF + 2H]2+
with linear fit of data points and (b) sum of average deuterium incorporation for
ion pairs and pseudo-ion pairs. The seven amino acid residue peptide RVYIFPF is an ana-
logue of angiotensin Il (RVYIHPF) with the fifth residue
0.2 fewer deuteriums than the nd ys ions over all populations  replaced with phenylalanine. The doubly-protonated peptide,
studied. This is likely due to transfer of the exchanged hydrogefRVYIFPF + 2H?* has 15 labile hydrogens, including 1 car-
of the glycine amide to the newly formed ton. The h and b boxy terminus, 1 tyrosine, 2 amino terminal, 4 arginine and 5
ions show an almost identical amount of retention of deuteriumbackbone amide hydrogens, plus 2 ionizing protons. The FT-
as expected and discussed above for theayl s ions. Also, the  ICR monoisotopic isolation and H/D exchange with 481D of
[b3s — H2QO] ion retains the least amount of deuterium, indicatingdoubly-protonated RVYIFPF after 60, 360, and 600 s is shown
that some deuterium is lost with the neutral loss of water. in Fig. 7. After 60 s of exchangeF{g. 7a), two distinct ion pop-
The ¥, Y7, and g ions show greater retention of deuterium ulations with different rates of H/D exchange are evident. One
than the g and Iy (with some contribution from [y— H>0]) population exchanges more slowly withp &s most abundant
ions. Similarly, the y ion retains more deuterium than the b ion, while the second population exchanges more quickly with
and Iy ions. As noted in the previous section, this agrees witlD7 as the most abundant ion. The slower exchanging population
an earlier study which showed that y-type ions generally havaccounts for approximately 90% of the overall ion abundance,
more deuterium incorporated than b-type ig24]. However, in contrast to published dafd] for a modified peptide ;TMP-
this does not agree with conclusions made in the same study LDIFSDF + 1HF*, where the slower exchanging population
that the first three exchanges are equivalent and occur at tleecounts for only 10%. The maximum number of deuteriums
protonated N-terminus, but the exchange reagent used in thiaicorporated into the precursorion is 10. After 360 s of exposure
study was NIQ which may exchange directly with the terminal to the C3OD reagent at % 10~/ Torr (Fig. 7b), two additional
amino group[24]. As shown inFig. 6a, fragmentation of the exchanges are observed. Two distinct ion populations are still
Ds population results in average retention of less than two dewevident with @ and Oy as the most abundant ions for the slower
teriums by the b and Iy ions. Although scrambling could be and faster exchanging populations, respectively. After 600 s of
occurring, the consistency with which the y-ions, including y exchange, three distinct ion populations emerge, as indicated in
contain more deuterium than the corresponding b-ions, includFig. 7c. These three ion populations have maximum abundance
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Fig. 7. Monoisotopic isolation and H/D exchange of [RVYIFPF +2Hlith methods.

CD30D at 1x 10~ Torr for: (a) 605s, (b) 360 s and (c) 600 s. Peaks are labeled

as D,, wheren indicates the number of hydrogens which have been exchange . 2+ - .

for deuterium. %.6. Fragmentation of [RVYIFPF + 2H]“™ ion populations
labeled by H/D exchange

ions at 3, Dg, and Dyp. The populations likely have differ- Following monoisotopic isolation and H/D exchange of the
ent H/D exchange rates due to the spatial distribution of thRVYIFPF + 2HJ?* precursor ion for 60s at a GOD pressure
atoms (i.e., conformation) and/or the location of the protons andf 1 x 10~/ Torr, ion populations P-D7; were monoisotopi-
hydrogen-bonding scheme. It is important to note that the diseally selected and fragmented via SORI-CID over a range of
tribution of deuterium in each population may become wider aSORI amplitudeskig. 9shows representative data obtained for
a function of time. For example,4In Fig. 6c (600 s exchange) monoisotopic isolation and SORI-CID of the precursor ion with
likely corresponds to Bor Ds in Fig. 6a (60 s exchange). two and seven deuteriums incorporatec @nhd Dy, respec-
The normalized relative abundance curves for the incorpotively). Fig. 9a and b show the result of applying 1.0 and 1.5V
ration of deuterium into [RVYIFPF +2H[ as a function of SORI pulses, respectively (SORI time =500 ms, 500 ms argon
time for FT-ICR H/D exchange is shown Iig. 8 The nor-  pulse), to fragment the Dpopulation. The insets iRig. % and
malized relative abundance curves fog-Ds account for the b show the isotopic distribution of the yand Iy fragment ions,
majority of the overall ion abundance over the exchange timevhere OD, 1D, and 2D indicate zero, one, and two deuteriums,
studied. Furthermore, the slowest exchanging ion population isespectively. The singly-protonated gnd kg ions result from
the main contributor to these curves ($8g. 7). Apparent rate  cleavage of the peptide bond between the fifth (phenylalanine)
constants for the first four exchangésks) are 8.0x 1013, and sixth (proline) amino acid residues. The isotopic distribution
5.7x 10713 4.9%x 10713 and 3.9x 10 1¥mols1cm=3. The  of the y and l ions is similar inFig. %a and b, indicating the
normalized relative abundance curves fg-D12 (Fig. 8 inset)  SORI amplitude over the range studied does not have an effect
show complicated kinetics due to contributions from at leasbn the partitioning of the deuteriums. For the fragmentation of
three conformations/protonation motifs. the Dy ion population and over all SORI amplitudes studied,
It is important to note that preliminary results for [RVY- including the ones shown iRig. 9a and b, the yfragment ion
IFPF + 2HE* H/D exchange with BO for 10's in a quadrupole contains zero or one deuterium, an average of 0.49, whilesthe b
ion trap indicated the existence of at least two distinct ion popufragment ion contains two or one deuteriums, an average of 1.47.
lations (data not shown). FT-ICR H/D exchange has advantagéhe sum of these average amounts of deuterium incorporation is
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Fig. 9. Monoisotopic isolation and H/D exchange of [RVYIFPF +2Hjvith CD30D at 1x 10~ Torr, followed by monoisotopic isolation of ion with two or
seven deuteriums incorporated(Dn/z 472.3 or b, m/z 474.5) and SORI-CID with argon as the collision gas (500 ms pulse), SORI time =500 m3,(a) D
SORI amplitude =1.0V; (b) B SORI amplitude=1.5V; (c) B SORI amplitude =1.0V; and (d) D SORI amplitude = 1.5 V. Insets show isotopic distribution of
fragmentation ions withD, indicatingn number of deuteriums incorporated.

1.96, which agrees well with the theoretical value of 2 (two deu-s labeled with seven deuteriums. The correspondindrdg-
teriums incorporated in the precursor ion before SORI-CID)ment ion can have a maximum of 12 deuteriums incorporated
Similarly, Fig. 9 and d show the result of applying 1.0 and (i.e., 1ionizing, 1 tyrosine, 2 amino terminal, 4 backbone amide,
1.5V SORI pulses, respectively (SORI time =500 ms, 500 ms&nd 4 arginine deuteriums). When the precursor ion is labeled
argon pulse), to fragment the;population. The partitioning

of the deuterium atoms is not effected by SORI amplitude. For ~  _
the fragmentation of the Pion population and over all SORI
amplitudes studied, including the ones showikig. 9c and d,

the y fragment ion contains zero, one, two, or three deuteriums,
an average of 1.93, while thg fragment ion contains four, five,
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age deuterium incorporation is 7.09, which agrees well with thefJ
theoretical value of 7.0.

Fig. 10shows the partitioning of the deuterium atomsinthe y
and by fragment ions for monoisotopic isolation and SORI-CID
of D1—D7 [RVYIFPF + 2HP* populations. Each data point rep-
resents the average amount of deuterium incorporated into theg
fragment ions averaged over a range of SORI amplitudes (i.e., 0§
0.5,0.75, 1.0, 1.25, and 1.5V SORI). Fragmentation is observecz
at 0V SORI when collision gas is introduced due to heating
that occurs upon monoisotropic isolation. SORI amplitude did ~o =~ ; . 5 4, & & -
not have any observable effect on the deuterium partitioning, as No. deuterium atoms in precursor ion
reflected in the error bars (standard deviationfig. 10 The
y» fragment ion can have a maximum of three deuteriums (i_e_Fig. 10. Partitioning of deuterium atoms in theand Iy fragment ions for the

i : . . SORI-CID (SORI time = Ise = f [RVYIFPF +2H
one backbone amide, one carboxy terminus, and one ionizingo <> (SORI time=500ms, argon pulse =500ms) of [ I
ith one to seven deuteriums incorporated+{D-). Data points represent the

deuterium). As i”UStra_ted iEig. 10 the y» fragment ion has an _ average number of deuteriums incorporated into the indicated fragment ion for
average of two deuteriums incorporated when the precursor i08oRI amplitude =0, 0.5, 0.75, 1.0, 1.25, and 1.5 V.

no. deuterium
w
1

2+ Theoretical
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100 distinct “energized” structures, as illustrateddoheme t, and

90 these distinct “energized” structures have different fragmen-
1 “*\\% tation efficiencies. As discussed above for doubly-protonated

8 ] N “Slow” Exchanal bradykinin, the difference in fragmentation efficiencies may also

70 4 i on =Xenanging be due to a difference in collisional cross-section, and there-

Population

fore a difference in the number of collisions in a given SORI
activation time. The observed differences in activation energy
requirements cannot be contributed to a deuterium isotope effect,
which would cause ion populations labeled with more deu-
teriumionsto have lesser levels of fragmentation at greater SORI
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| Population amplitudes.
20 4
10 4. Conclusions
0 T T T A T T T T T T T T T 1 . .
0.0 0.5 1.0 15 2.0 2.5 3.0 Gas phase H/D exchange can be a selective technique to

SORI Amplitude (V) separate different non-interconverting isomers, even when these
Fig. 11. Precursor survival yield for slower- and faster-exchanging [RVY- conforma’glo'ns, Il.kely with different hqugen b'o.ndlng mQtlfS,
IFPF + 2HP* populations (H/D exchange with GDD at 1x 10 Torr for &€ not dlstlngwshab_le by st_andard ion mobility techmq_ues.
605) as a function of SORI amplitude (SORI time = 500 ms). Furthermore, these different ion populations may have differ-
ent fragmentation efficiencies, as demonstrated for the doubly-
f protonated peptides bradykinin and RVYIFPF, an angiotensin
. . . . Il anal . Th rv ifferen ren -
five deuteriums incorporatedrig. 10. The sum of the aver- anajogue e observed differences are not due to a deu
terium isotope effect, as demonstrated by back-exchange and

age number of deuterium ato”_‘s mcorporate_d into theuyd . fragmentation of doubly-protonated bradykinin. These results
bs ions matches very closely with the theoretical, as shown in

Fig. 10 This indicates that theojbs ion pair is complemen- clequy demonstrat.e that conformatlon/p_rotongtp n motif plqys
. . . . an important role in the unimolecular dissociation of peptide
tary, consistent with conclusions for the/lys ions of doubly-

. : . o ions. The overall fragmentation characteristics observed for a
protonated angiotensin Il (DRVYIHPF) using kinetic energy rotonated peptide are therefore an average of the fragmenta-
release distributions (KERD$}#5]. While scrambling of the P pep g 9

. X . tion characteristics of individual ion populations with different
deuterium atoms before or during the fragmentation event canng : . .
. : conformation/protonation motifs.
be ruled-out, the partitioning of the deuterium atoms demon- . ) L . . .
Deuterium incorporation in jdy,,_, ion pairs can provide

frt]reaéﬁ;ntir;?; both fragment ions are being formed by the SaM&idence that the ions are being formed during the same frag-
: ' o . . mentation event if the sum of the average deuterium incorpo-
While the partitioning of the deuterium atoms is not aﬁeCtedration into the b and ions matches the overall amount of
by SORI amplitude over the range studied (i.e., 0.5-1.5V SORI Yn—n

as discussed above), SORI amplitude does effect extent of frag_euterlum in the precursor lon. This partitioning of deuterium
) ; . o toms will match the theoretical value regardless of whether
mentation for the different ion populationsig. 11 shows the

precursor ion survival yield as a function of SORI ampIitudedemerlum scrambling is occurring before or during the frag-

for the “slower” and “faster” exchanging [RVYIFPF + 28] mentation event because the complementary ions are formed

ion populations. In this experiment, the exchange was carried 2 °N€ mechanism. An FT-ICR is appropriate for this type of

out for 60's, but at a CPOD pressure an order of magnitude Study because of multiple analysis steps including monoisotopic

greater (1x 10-6 Torr) than was used to generate the data ir]select|on of the precursorion, H(D exchange Wlth excellenttime
. SR . and pressure control, and monoisotopic selection and SORI-CID
Fig. 7. Therefore, the distribution of deuterium atoms after

60s of exchange at 4 10-5Torr was similar to that shown of individual ion populations. The overall deuterium incorpora-

in Fig. 70 (H/D exchange for 360's atx110~’ Torr). Follow- tion into the /g and y/yy bradykinin ion pairs and the,}bs

ing H/D exchange, the envelopes of peaks corresponding IEVYH:PFIOH pair suggests these complementary ions are being

Do—Ds and Dy-Di. and therefore the “slower” and “faster” ormed by the same mechanism for the doubly-protonated pre-

exchanaing populations. respectively. were isolated and fra cursor ions. Results for deuterium incorporation into th@gy
ging pop ' P Y, radykinin pseudo-ion pair are consistently less than the theo-

mented over a range of SORI amplitudes (0-3V). As shown . . . .
. e o . . . X retical values, suggesting some other mechanism forgfena
in Fig. 11, the *fast” exchanging population displays a hlgherforma’[ion may be involved, or that thepg ions form by mul-
extent of fragmentation at lower SORI amplitudes than doe Y ’ &/¥s y
p ” . : . iple mechanisms.
the “slow” exchanging population. Presumably, the different
ion populations have different H/D exchange behaviors due to
different conformations/protonation motifs, and the differentAcknowledgement
conformations/protonation motifs are also affecting the SORI
amplitude required to observe the same level of fragmenta- This research was supported by the National Institutes of
tion. Upon activation, the ion populations may convert intoHealth grant 2 R01 GM051387 to V.H. Wysocki.

with seven deuteriums, the; liragment ion has an average o
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