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Abstract: Selective binding of crown ethers to model protonated peptides is utilized to study the site selectivity
and mechanisms of gas-phase hydrogen/deuterium exchange reactions with &lDexternal ion source
FT-ICR mass spectrometer. Mechanisms for H/D exchange reactions in the gas phase can be classified into
two different types: Type | involving direct participation of the labile protons at the charge site and Type Il

in which the charge site at most plays only an ancillary role in the process (e.g., salt bridge formation).
Localization of the labile proton at the charge site by crown ether attachment inhibits Type | processes, as
evidenced by a dramatic reduction in the rates of H/D exchange. For example, crown ether attachment to
protonated ethylenediamine and 1,4-diaminobutane inhibits H/D exchange reactions, while the free protonated
species undergo rapid exchange of all five labile hydrogens. Type Il processes are still observed with the
crown ether adducts. Both the amide and the carboxyl hydrogens of peptides exchange via a Type Il process
for which a salt bridge mechanism has been proposed. In the salt bridge mechanism, the charge site may play
an important role by stabilizing a charge separated ion pair. Immobilization of the labile proton by crown
ether attachment does not eliminate this stabilization. Charge localization by crown ether attachment also
affects the dissociation processes of protonated peptides, inhibiting charge directed mechanisms where
endothermic proton transfer from the most basic group to a less basic site is a prerequisite for fragmentation.
Collisional activation of the crown ether complex with protonated GGDPG and GGl results in no backbone
cleavage in the peptide, while the free protonated peptides lead to cleavage at the C-terminus side of aspartic
acid and the second glycine, respectively.

Introduction information on compositions and amino acid sequences, H/D
exchange experiments are potentially more useful for elucidating
the conformations of folded peptide ions in the gas phase.
Proper interpretation of H/D exchange experiments requires
& detailed knowledge of the reaction mechanisms involved, and
studies of glycine oligomers as model systems have been

reported from our laboratofy. On the basis of these studies,

With the development of “soft” ionization methods such as
FAB (fast atom bombardment)MALDI (matrix assisted laser
desorption ionization, and electrosprayto generate intact
biological molecules, numerous mass spectrometric approache
to obtain sequence and structural information have been
attempted, including gas-phase H/D exchange and various

fragmentation methods.

H/D exchange has long been used in solution chemistry to
probe conformations of peptides and proteinsl/D exchange
processes have been monitored with NMR, and more recently
mass spectrometfy. H/D exchange reactions have also been
used to infer peptide conformations in the gas phased
determine the number of active hydrogénvhile destructive
probes such as collision-induced dissociation (Clpjeld
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we would like to propose a general classification of possible
mechanisms for H/D exchange. We will consider H/D exchange
processes in which the labile proton at the charge site is
intimately involved as Type | exchange mechanisms. For
example, exchange of the three hydrogens on the protonated
N-terminus amino group of glycine oligomers with B Bs the
reagent gas has been shown to proceed via an “onium”
mechanism in which the endothermicity of proton transfer to
ammonia is compensated by intermolecular solvation of the
resultant ammonium ion. We will refer to processes in which
protons at the charge site are not directly involved as Type |l
mechanisms. An example is the salt bridge mechanism in which
proton transfer to a basic exchange reagent leads to formation
of a charge separated ion pair that can be stabilized by favorable
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interaction with a proximal charge (e.g., the protonated N- We have proposed a mechanism for cleavage at aspartic acid
termius). The N-terminus protons, however, are not directly residues that involves a salt bridge intermediate where a local
involved in the exchange process. Exchange of carboxylic acid charge of either a protonated arginine residue or a sodium ion
and amide hydrogens in glycine oligomers may proceed via a stabilizes the ion pair formed by proton transfer from aspartic
Type Il salt bridge mechanis#. acid to the adjacent amide nitrogen.

Previous work from our group found that Nivas the most It is known that more energy is often required for fragmenta-
efficient reagent studied for promoting H/D exchange of tion of peptides that have basic amino acid residues such as
protonated glycine oligomefs.Both semiempiric&l'! and ab arginine than peptides with no basic resid#esThe absence
initio calculationd? indicate that glycine oligomers are proto- of strongly basic residues which inhibit proton mobility and
nated on the N-terminus and then fold such that the charge sitethe presence of extensive intramolecular hydrogen bonding of
is solvated by intramolecular hydrogen bonding to carbonyl a labile proton with other basic sites in a peptide correlates with
oxygens. The single-crystal X-ray structure of a polyhydrate lower energy thresholds and higher yields for the corresponding
of the 18-crown-6 ether complex of the salC;H;NHs*F~ has fragment£2 These conditions exemplify what has become
been reporteéd® The crown ether complexes the catiogHz known as the mobile proton model where facile intramolecular
NHs* in a layered structure with water polyhedra. There is no proton transfers, usually through a hydrogen bond network, yield
hydrogen bonding observed between the protonated amine andx rapidly interconverting population of structures from which
water molecules present in the hydrate. This indicates that 18-charge directed fragmentation occurs. The inhibition of proton
crown-6 encapsulates a protonated primary amine in a mannermobility by crown ether attachment provides a unique op-
that even mitigates against additional hydrogen bond formation portunity to study the mechanisms of dissociation. This is
to the site of protonation. By forming a complex of the demonstrated in the present study, where CID of the protonated
protonated glycine oligomers with an appropriate crown ether, peptides GGDPG and GGl, with and without crown ether, is
it should be possible to localize and encapsulate the labile compared.
protons, inhibiting Type | H/D exchange processes. In this ) .
paper, we report such studies of H/D exchanges of singly EXperimental Section
protonated glycine oligomercrown ether complexes with ND Experiments were performed in an external ion source FT-ICR mass
which confirm this expectation. spectrometer that has been described in detail elsevthang, only a

Fragmentation methods to obtain primary structural informa- brief description will .be given here. For this study the spectrqmeter. is
tion of biopolymers with mass spectrometric techniques include oPerated with a Cs ion bombardment source. An octopole ion guide
collision-induced dissociation (CIDY, surface-induced dis- ~ tansportsionstoa 2 2 x 3in. ICR cell, which is located inside a
sociation (SIDY5 and infrared multiphoton dissociation (IRM- 7-T superconducting magnet. The instrument has three regions of

. L differential cryogenic pumping, resulting in a residual background
6 7
PD), either by a C@laset® or by blackbody radiatiohd! CID, pressure of-5 x 10-1 Torr in the detection region.

the most widely employed technique in mass spectrometry, has Complexes of protonated peptide and 18-crown-6 ether (28C6)
been used for investigating the primary structures of biopolymers were generated from an acidic glycerol matrix by 5 kV Cs ion
in the gas phase. Of particular interest is the possibility of bombardment and accumulated in the ICR cell for 100 ms. lon species
selective cleavage at certain amino acid residues by CID. Smithof interest were selected by conventional isolation techniques and
and co-workerd8 for example, have observed dominant cleav- allowed to undergo H/D exchange. Interestingly, in addition to
ages at the amide bonds adjacent to proline residues with ClDabundant complex f_ormation, we obse_rved that addition of crown ether
of multiply charged proteins. Preferential cleavages at the to th_e glycerol matrix enhanced the yield of uncomplexed protonated
aspartic acid residues were also observed in CID of protonatedPePlides as well. The static pressures ofsNBed in the exchange
peptidest® In previous works from our laboratory, we have reactions were in the range of<L 10" and 2x 107 Torr. Accurate

h hiv | tigated di iati fi iated .thpressure measurement is achieved by calibrating a Schulz-Phelps
oroughly Investigated dissociation energetics associated With;, i, atiop, gaug® attached directly on the ICR cell with a capacitance

preferential cleavage at aspartic acid residues using severalanometer connected to the cell through a static port. The isotopic
model peptides with arginine residues and sodiated peptides. purity of NDs in the vacuum chamber ranged from 94 to 97 atorh %.
SORI-CID (sustained off-resonance irradiation collision-induced
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amide carbonyl in concert with transfer of the amide proton to ammonia. N Previous work from our grou, this activation method has proved
Exchange could occur by a salt bridge mechanism if the proton is not 10 be a reliable and efficient technique to investigate dissociation

transferred from the N-terminus. dynamics of small peptides and nucleotides in the gas phase. Collisions
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d dy Table 1. H/D Exchange Rates for Protonated Glycine Oligomers,
100 W @ 10 ms @ 1s Ethylenediamine, 1,4-Diaminobutane, and Their 18-Crown-6 Ether
(18C6) Complexes with NP
H/D exchange rates
50 7 (10712 cm?® moleculet s
did, | species d; d; d ds ds dg o
° 0 = wd d Gly® 270 550 360 1104 — ~—
C:) 100 d st ’ Gly-18C6 130 = * * - - -
kS| ® g ||, 700ms © 2s Glys 890 1410 1190 720 280 47—
< q, s Glys-18C6 21 030 0.20 * * -
8 Gly;OMe-18C6 040 025 0.13 * - =
ﬁ Gly 1230 2110 1300 650 170 76 62
= Glys-18C6 15 67 56 26 * *oo*
© | Gly,OMe-18C6 19 12 054 * * * -
& 0 d d ethylenediamine 410 860 560 470 296 -—
100 - $ 7905 ethylenediamine-18C6 * * N * * - -
© 15s ® 1,4-diaminobutane 160 240 250 180 96— —
q | 1,4-diaminobutane-18C6* * * * * - -
50 ﬁ ad, denotes the rate constant for incorporation ofrifi@euterium,
4 d, calculated assuming that only single exchanges occur in each encounter.
“f_‘ ‘ | The uncertainties in the rate constants are estimated to be 20%. This is
O r—7——— I e largely due to the pressure measurement that has been done by a Schulz-

58 60 62 64 66 68 70 320 322 324 326 328 330 332 Phelps ionization guage mounted just outside of the cell and calibrated
m/z m/z with a capacitance manometer connected directly to the cell through a

] o static port?® ? Reference 9¢ () Exchange possible but not observed.
Figure 1. H/D exchange products of protonated ethylenediamine (& ¢ (—) Exchange not expected.

¢) and the corresponding 18C6 complex-(iwith NDz at 1.6x 1077

Torr at various reaction times. The number of deuterium incorporated, 101
n, is indicated as d The small d peak of the crown ether complex D ‘e’ S
might be due in part to th€C isotopomer resulting from incomplete i ) . & o .
isolation. £ © il

Qo
| . S
Q + &
% AN 0

All samples except methyl esters of the glycine oligomers, diamines,
and GGDPG were purchased from Sigma Chemical Company (St.
Louis, MO) and used without further purification. Ethylenediamine
and 1,4-diaminobutane were obtained from Aldrich (Milwaukee, WI).
Methyl esters of the glycine oligomers were synthesized by dissolving
the peptides in a solution of methanol and trifluoroacetic acid (99:1)
and stirring overnight. Reaction yields did not exceed 75%, but
products could be easily isolated in FT-ICR experiments. GGDPG
was synthesized by the Biopolymer Synthesis Facility in the Beckman
Institute at the California Institute of Technology. Bl®as purchased
from Matheson (Montgomeryville, PA) with a purity of 99.0 atom %
deuterium.

Semiempirical PM3 calculations were performed with the Hyper-
Chem software packa@feto assess energetics of crown ether attachment Figure 2. Reaction coordinate diagram for H/D exchange of the
and H/D exchange of amide nitrogens with NDT'he initial geometries ~ Protonated ethylenediamine-18C6 complex withgVi an onium ion
of protonated tryglycine and the corresponding crown ether complex mechanism. Intermolecular solvation of the ammonium ion by the two
were obtained by using molecular mechanics and the resulting structuresMino groups stabilizes the intermediate.
were subjected to further geometry optimizations by PM3 calculations.

Relative Energy (kcal/mol)

indicate a cyclic intermediate about 20.6 kcal/mol more stable
Results and Discussion than the reactants. Such a stable intermediate faci_litates multiple
o exchanges. However, when the protonated amino groups of
H/D Exchange of Crown Ether Complexes of Diamines.  these compounds were complexed with 18C6, no H/D exchanges
Protonated ethylenediamine and 1,4-diaminobutane, examinedyere observed in 799 s (Figure4f). The small peak at 799
as model compounds, undergo rapid H/D exchanges with ND s is |ess than 5% of total ion abundance and may be due to
and the reactions proceed to completion in 5 s. This is illustrated incomplete ejection of th&C isotopomer. The results of these
for ethylenediamine in Figure e&. The profiles of H/D  control experiments indicate that an isolated amino group will
exchange of the protonated ethylenediamine and their resultantyot undergo facile H/D exchange with ND
rate constants (Table 1) indicate multiple exchange on single H/p Exchange of Crown Ether Complexes of Glycine
encounters with NB Multiple exchanges have previously been  oligomers. A comparison of H/D exchange results for proto-
observed in studies of model petidedhe probable mechanism  nated triglycine with and without attachment of 18C6 adduct is
of H/D exchange in these systems is a Type | onium ion shown in Figure 3. All six labile hydrogens of the protonated
mechan_lsm mvolvmg formation _of a cy(_:llc complex |n_wh|ch triglycine exchange rapidly with N§XFigure 3a-c), and at 10
NHDs" interacts with both terminal amino groups. Figure 2 s (Figure 3c) the reaction is approaching completion. Under
shows the reaction coordinate diagram for the H/D exchange jdentical conditions, the crown ether adduct has exchanged only
of protonated ethylenediamine constructed by using PM3 g single hydrogen after 10 s (Figure 3e), and after 500 s (Figure
semiempirical calculations. The semiempirical calculations 3f) there is evidence that two additional sites slowly exchange.
(28) HyperChem Computational Chemistry Software Package, Version From spectra taken at various delay times, rate constants for
4.5, Hypercube, Inc., 1995. H/D exchange were determined by fitting ion abundances to a
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Figure 3. H/D exchange products of protonated triglycine- and 4 d, (c)300s
the corresponding 18C6 complex=f) with NDz at 1.4 x 107 Torr
at various reaction times. The number of deuterium incorporates,
indicated as d 50
dO
100 d, q,
d ; IR
80-{ | 0 s d) ; A
8 450 455 460 465 470 47
Q
o
3 60- ds . . m/z
g ) Figure 5. A comparison of H/D exchange results for crown ether
2 7 ds complexes of protonated tryglycine and its methyl ester. The number
g 40- dz = P .i of deuterium incorporatedp, is indicated as d The d peak of
B > 4 protonated tryglycine-18C6 corresponds to the C-terminus carboxylic
& 20 S hydrogen, and the other two are attributed to amide hydrogens.
- A
*® . . .
incorporate one of the protons to form intermediate complexes
0 H—e . T = are not possible, resulting in no exchange or significantly slower

The rate constants for the first exchanges are»1.80719,

Reaction Time (sec
eaction Time (sec) 2.1 x 1011 and 1.5x 1071 cm?® molecule? s~ for crown

Figure 4. Time plot of H/D exchange products of the @H/-18C6 + + + :
complex with NI. Least-squares fits (lines) of the kinetic equation to ether complexes of GI™, GlysH™, and GlyH, respectively.

the experimental data (points) are shown. The number of deuterium The comparison of these data with those of the_ protonated
incorporatedp, is indicated as methyl ester complexes that are an order of magnitude slower

makes it clear that the first exchange occurs predominately with
series ofn + 1 first-order differential equations farexchange- the carboxyl hydrogen. Figure 5 shows a comparison of H/D
able hydrogens (Figure 4). Table 1 lists the rate constants for exchange results for crown ether complexes of protonategl Gly
the H/D exchange of the 18C6 complexes of several glycine and its methyl ester with identical experimental conditions. No
oligomers, ethylenediamine and 1,4-diaminobutane with. D  exchange is observed for the crown ether complex of the methyl
When the crown ether binds to protonated glycine oligomers ester, while the protonated Giy+18C6 complex undergoes one
and esters of the glycine oligomers, the total number of exchange. Furthermore, the dnd ¢ peaks of methyl ester-
exchanged hydrogens is reduced from the total number of labile 18C6 adduct develop almost identically t@ dnd & of
hydrogens in the free protonated peptides by 3 and 4, respecfprotonated Gly™-18C6. Therefore, the first fast exchange of
tively, which supports the conjecture that the crown ether protonated Gly"-18C6 adduct is unambiguously assigned to
coordinates to the protonated N-terminus amino group and carboxylic hydrogen at the C-terminus and the remaining two
inhibits H/D exchange at that site. The crown ether complex correspond to amide hydrogens. We postulated eattiat the
of the methyl ester of GBH™ was the only exception to this  carboxyl hydrogen exchanges via a salt bridge mechanism (Type
generalization, in which three H/D exchanges were observed, Il), in which the N-terminus charge stabilizes the ion pair formed
but the intensity of the glpeak was less than 8% of the total by proton transfer from the carboxyl group to BIDThe trend
ion abundance even after 800 s. With the N-terminus protons in the first exchange rate constants in crown ether complexes
immobilized by 18C6, Type | reaction pathways which involve of Gly;H™, GlysH™, and GlyHT™ may reflect the decreasing
proton transfer from the protonated N-terminus to JN@r stabilization with increasing distance between the charge and

(29) We were not able to examine diglycine, since the peak due to the the ion pair in these complexes. Furthermore, the exchange

18C6-Cs" complex was exceedingly large and overlapped the signal due 'ate for GlyH*-18C6 .comple'x is comparable to that of bpth
to Gly,H*-18C6. free GlyH' and betaine, which were reported in a previous
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Figure 6. Reaction coordinate diagram for the H/D exchange of amide & o ) L .,
. . . TrrrrTT T T T T 1 TT T T L T 1
hydrogen of the GhH"-18C6 complex with NR via a salt bridge 100 20 300 40 00 600 700 100 200 300 40 00 600 700
mechanism. Proton transfer from the amide tozMiBd formation of a Protonated
salt bridge structure is facilitated by the stabilizing effect of the nearby 009 ) chggr'\:aéed ©  protonated 1806-GODPG
positively charged N-terminus. % GGDPG L
N
papef to have rate constants of approximately210-1° cm? 50 - . No Complex
molecule! s~ with ND3 and proposed to proceed via the salt o ’ |
bridge mechanism. '“22
Semiempirical PM3 calculations were performed to assess Y G KOV | KRS ;‘ ‘ L WL,ﬁ ‘
ion structures and energetics for several crown ether adducts. 100 200 300 400 500 60D 700 100 200 300 400 500 60O 700
m/z m/z

For example, the complexation energies of protonated methy-
lamine and protonated triglycine to 18C6 ether are calculated Figure 7. The effect of crown ether attachment on collision-induced

; dissociation of protonated GGDPG. (a) Protonated GGDPD complexed
to be 43.0 and 34.1 kcal/mol, respectively. Smaller complex- )
ation energy for the 1806-pr0t(§)nated %/ryglycine addugt is to 18C6. (b) Isolation of protonated GGDPG. (c) CID of protonated

. . . GGDPG at 0.30 eV for 1000 ms against a static gas pressure of nitrogen
attributed to loss of the folding energy of protonated tryglycine, at 2.9 x 1078 Torr. Off resonance collisional activation leads to

which is calculated to be 9.8 keal/m®l. In addition, calcula-  preferential cleavage at the aspartic acid residue. (d) Isolation of crown
tions indicate that the salt bridge complex of gy-18C6 with ether adducts. (e) CID of the crown ether adducts at 0.46 eV for 1000
ND3 is 3.3 kcal/mol more stable than separated:81y18C6 ms against a static gas pressure of nitrogen ak112-8 Torr. Specific

and ND; (Figure 6). The electrostatic stabilization of the ion cleavage of the asp-pro amide linkage follows the loss of neutral crown
pair from the proximal charge can be estimated from the-ion ether.
dipole interaction, which is 18.9 kcal/mol when the dielectric

constant is set to ° Clearly this is an important contribution 18C6 Elimination _Peptide
to the stability of the proposed salt bridge intermediate shown Dissociation
in Figure 6. l
CID of Crown Ether Complexes. Figure 7 shows the 18C6 and
l dissociated

comparison of CID results of protonated GGDPG and its 18C6
adduct. As observed previousithe protonated peptide yields
the y, fragment predominantly (Scheme3)No direct cleavage
of the peptide occurs in the crown ether complex. Instead,
activation of the adduct leads to crown ether loss as the lowest
energy dissociation pathway. Once the crown ether is elimi-
nated, further fragmentation of the free protonated GGDPG | ____/ ...l
occurs at the aspartic acid residue (Figure 7e). :facrifodnda‘::;

These observations can be rationalized with reference to F:,eptide
Figure 8. Activation initially leads to crown ether elimination
as the energetically favorable pathway. RRKM calculations
indicate that despite the large number of degrees of freedom in
biopolymers, which obligates deposition of high excess internal Scheme 1

peptide

18C6 and free
a  protonated
peptide

Energy

Figure 8. A simplified reaction coordinate diagram to illustrate the
effect of crown ether attachment on dissociation of protonated peptides.

energy over the threshold energy, competing dissociation OH Y,

pathways with slightly different activation energy can be o=t —’O o

activated with high selectivity® In Figure 8, a barrier for o o SH, O L —chb—on
—NH—CHy-C—

crown ether elimination in excess of the reaction endothermicity , \—cp,— &—NH—CH,—& —NH—CH—CN
is shown to account for the expectation that the free protonated

peptide can fold to a stable compact form not accessible in the

presence of the crown ether. As a result, the activation energy b,

(30) Gross, D. S.; Rodriguesz-Cruz, S. E.; Bock, S.; Williams, EL.R.  for crown ether loss should be in the range-80 kcal/mol,

Phys. Chem1995 99, 4034. . . based on the energetics discussed above. Removal of the crown
(31) In this paper, we are following the nomenclature introduced by . L.

Roepstorff and Fohlman: Roepstorff, P.; FohimanJJBiomed. Mass  €ther allows access to low-energy dissociation pathways of the

Spectrom1984 11, 601. protonated peptide in charge directed processes involving a
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* Protonated @ Scheme 2
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® HsN—CHy—C—NH—CH,-C-NH—CH—C—OH
CH

/
HsC” “CH,CHs

b
T A B W ‘ ‘ o .
R 200 . w s o0 ether attachment, however, inhibits this fragmentation pathway,

9 Protonated | () Protonated | (d) confirmed by the absence of crown ether complex of;a b

ee! 18ce-cal fragment ion. Off resonance activation leads to the detachment
of crown ether from the peptide, followed by the characteristic
w0 fragmentation of the free peptide. These examples clearly
indicate that immobilization of the labile proton prevents low-
energy dissociation pathways via inhibition of a charge-directed
mechanism.

Relative Abundance

1 L
T T

100 200 300 100 200 300 400 500 600 H
’ Conclusion

¢ (e) .
v © v These experiments have shown that crown ether adducts of

protonated peptides can be useful in elucidating the mechanisms
o Protonated Protonated Protonated of H/D exchange reactions and collision-induced dissociation
No Complex | reaction in the gas phase by encapsulating and immobilizing
Fragment labile protons. From the comparisons of H/D exchange kinetics

| b, | of free peptides and complexed peptides (Table 1), we observed
o At A o ; REaa that Type | processes, including onium ion mechanism and

- * oo e tautomer mechanism where the labile protons at the charge site
are directly involved, are dominantly operative in H/D exchange
of free protonated peptides and diamines in parallel with the

m/z m/z

Figure 9. The effect of crown ether attachment on collision-induced

dissociation of protonated GGI. (a) Protonated GGI complexted to . L
18C6. (b) Isolation of protonated GGI. (c) CID of protonated GGl at Type 1l process, but are effectively inhibited by crown ether

1.35 eV for 1000 ms against a static gas pressure of nitrogen at 1.2 attachment on the charge site, resulting in dramati_c reduction
10°8 Torr. (d) Isolation of crown ether adducts. (e) CID of the crown  Of exchange rates or no exchange. Both the amide and the
ether adducts at 0.74 eV for 1000 ms against a static gas pressure ofarboxyl hydrogens of peptides exchange via a Type Il process
nitrogen at 2.1x 1078 Torr. No fragment corresponding to 18C6ib when the labile proton at the charge site is immobilized by
noted, while the free peptide producesahd yi. The absence of crown  crown ether attachment. The Type Il process, which does not
ether adduct of the fragment suggests that the crown ether is lost directly involve the labile proton, occurs by a salt bridge
before fragmentation occurs. The peak denoted by * corresponds to anmechanism, in which the proximal charge plays an important
a-type fragment from thexyion. role by stabilizing the charge-separated ion pair. By using the
) ) encapsulating properties of crown ethers to advantage, we have
mobile proton. Such processes are expected to dominate theshown that the localization of the labile proton has a significant
product spectrum iE; < E,, even though the total excitation  effect on fragmentation processes which require the participation
energy available to the dissociation of free peptide will be of a mobile proton. Furthermore, crown ether attachment can
reduced by the energy of complexation of the crown ether to protect a fragile molecule against fragmentation via low-energy
the protonated peptide. This is a general consequence of thecharge-directed pathways. As noted in the Experimental
dissociation dynamics of large moleculéd,where internal  Section, the presence of the crown ether enhanced the yield of
excitation many times the activation energy is required to jons sputtered from the glycerol matrix by Csombardment.
produce observed dissociation rates-{D s for typical FT- Adduct formation that immobilizes the labile protons may also
ICR studies). For large molecules, dissociation rates for serve to inhibit processes such as-idon recombination and
processes with similar activation parameters are comparable forproton transfer, which might reduce ion yields in the sputtering
species of different size when theerage energy pesibrational process. Although we have not explored the phenomenon in
degree of freedoris comparable. Following crown ether l0ss  the present study, we also note the intriguing possibility of in
the average energy per vibrational degree of freedom in the freesjty generation of selectively labeled peptides using crown ether

protonated peptide will only be slightly less than in the reactant. adducts, by carrying out H/D exchange followed by CID to
With these considerations, it is not surprising that the resultant remove the crown ether.

internal energy of protonated GGDPG is sufficient to promote
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