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Abstract: A novel method for the fragmentation of peptide and protein ions at atmospheric pressure outside
the mass spectrometer is described. Peptide/protein ions generated by electrosonic spray ionization (ESSI)
are carried through a heated coiled metal tube where they fragment. Fragment ions of types a, b, and y
are observed for peptides such as angiotensin Il and bradykinin. In the case of phosphopeptides, informative
b and y ions which preserve the labile phosphate groups are observed in the negative ion mode, which is
potentially useful in the location of phosphorylation sites in proteins through chemical analysis of
phosphopeptides. The thermal dissociation method extends to proteins such as ubiquitin and myoglobin,
giving rise to y-type and other fragment ions. The most important feature of this method is that it also
allows characterization of the neutral fragments arising from thermal dissociation by use of on-line corona
discharge ionization. This neutral re-ionization experiment is much easier to perform outside the mass
spectrometer than as conventionally done, in vacuum. It yields increased structural information from the
resulting mass spectra in both the positive and the negative ion modes.

Introduction the dissociation of larger ions (e.g., bradykinin ions) trapped in

a quadrupole ion trap, under collisions with a hot-bath gas at 1
m Torr helium® This and similar studiéswere used to
distinguish “slow heating” activation and dissociation, which
occurs under equilibrium conditions, from nonequilibrium
dissociation. Thermal activation is the key aspect of the
blackbody infrared dissociation (BIRD) metifahd it has been
used effectively to measure true thermodynamic quantities using
gas-phase ion reactions, even those reactions carried out at very
low pressuréd Thermally induced dissociation of ions at the
atmosphere/vacuum interfaces of mass spectrometers under near
tmospheric pressures was introduced in the early 1990s by
Smith and co-worker%In these experiments, ion fragmentation

Activation and dissociation of gas-phase ions forms the basis
for tandem mass spectrometry and hence for its applications in
ion structural characterization and chemical analysis. The
fragmentation of peptide/protein ions is a central topic in
proteomics and there is strong interest in novel dissociation
methods such as electron capture dissociatard electron-
transfer dissociatioAThese new methods can provide structural
information that complements, and often exceeds, that obtained
by traditional collisional activation. lonic dissociation, both by
the traditional and newer methods is implemented in vacuum
rather than at atmospheric pressure. The latter experiment, wh|cha
is discussed here, is challenging because rapid thermalization
of activated ions occurs via third-body collisions and because was induced while the ions passed through a resistively heated

it is not readily adaptable to dissociation of mass-selected ions. capillary interface after formation by electrospray ionization
lon thermal dissociation has been known for some years. An (ESI). The experiment has found applications in the dissociation

investigation of the thermal fragmentation of gaseous carbenlumOf multiply charged protein/peptide ich¥ and noncovalently
ions, such as 45", in a pulsed high-pressure mass spectrom- bound complex iorid as V\_/eII as in the stugly of the activation
eter (0.5-3.0 Torr pressure) was reported by Meot-Ner and energy requirements for ion dissociati:

Field? Subsequently, the pyrolysis of protonated ether ions was _Building on this earlier work, we report a novel thermal
examined under similar conditioA-hermally activated isomer- dissociation method for peptide/protein ions which operates

ization of_gaseous cyclohexylium ions generated by r_adlo_IyS|s (6) Butcher, D. J.: Asano, K. G.: Goeringer, D. E.: McLuckey,JSPhys.
over a wide pressure range (£06480 Torr) was studied in Chem. A1999 103, 8664.
; ~ ; (7) McLuckey, S. A.; Goeringer, D. El. Mass Spectron1997, 32, 461.
detail by Cacacé.McLuckey and co-workers have examined (8) (a) Dunbar, R. C.- McMahon. T. Biciencel 998 279, 194, (b) Trmann,
D.; Tonner, D. S.; McMahon, T. BJ. Phys. Chem1994 98, 2002. (c)

(1) Zubarev, R. A.; Kelleher, N. L.; McLafferty, F. W0. Am. Chem. Soc. Price, W. D.; Schnier, P. D.; Williams, E. Rnal. Chem1996 68, 859.
1998 120, 3265. (d) Schnier, P. D.; Price, W. D.; Strittmatter, E. F.; Williams, EJRAM.
(2) (a) Syka, J. E. P.; Coon, J. J.; Schroeder, M. J.; Shabanowitz, J.; Hunt, D. Soc. Mass Spectronl997 8, 771. (e) Schnier, P. D.; Price, W. D.;
F. Proc. Natl. Acad. Sci. U.S.2004 101, 9528. (b) Chrisman, P. A;; Jockusch, R. A.; Williams, E. Rl. Am. Chem. S0d.996 118 7178.
Pitteri, S. J.; McLuckey, S. AAnal. Chem2005 77, 3411. (9) (a) Rockwood, A. L.; Busman, M.; Udseth, H. R.; Smith, R. Rapid
(3) Meot-Ner, M.; Field, F. HJ. Phys. Chem1976 80, 2865. Commun. Mass Spectrorh991, 5, 582. (b) Busman, M.; Rockwood, A.
(4) (a) Sieck, L. W.; Meot-Ner, MJ. Phys. Cheml984 88, 5324. (b) Sieck, L.; Smith, R. D.J. Phys. Chem1992 96, 2397.
L. W.; Meot-Ner, M.J. Phys. Chem1984 88, 5328. (10) Meot-Ner, M.; Dongre, A. R.; Somogyi, A.; Wysocki, V. HRapid
(5) Attina, M.; Cacace, F.; Marzio, AJ. Am. Chem. S0d.989 111, 6004. Commun. Mass Spectrorh995 9, 829.
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Scheme 1. Experimental Apparatus for Recording Mass Spectrum of lonized Neutral Fragments after Thermal Dissociation of Peptide/
Protein lons
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outside the mass spectrometer at atmospheric pressure. Iphosphopeptide solutions since they were examined in the negative
preliminary experiments to test the feasibility of thermal ion mode. The sample solutions were sprayed using the high nebulizer
dissociation at atmospheric pressure, we passed a nitrogen gagas flow rates typical of ESSI experiments (optimized nebulizer gas
stream bearing gaseous peptide ions generated by electrosoniressure: 175 psi), ant_j the sample injection rate for ESSI was fixed at
spray ionization (ESSI, a soft ionization meth@cthrough a  0#L/min for all experiments. _ ,
straight heated tube in the ambient environment, but failed to In the neutral fragment re-ionization experiments, a corona discharge

L . . N needle was placed between the coiled tube heater and the transfer
see a significant yield of fragment ions. To improve the

. . . . capillary of the LTQ (Scheme 1). To remove all fragment ions being
d|s§00|at|on yield, we (,:Oﬂed the tu-b.e to enha.\nce tu.rbUIenC? andcarried in the gas stream and emerging from the tube prior to the neutral
so increase precursor ion wall collisions and ion residence times. fragment ionization step, a pair of parallel metal plates served as an
Extensive fragmentation was observed with the coiled heater. «jon switch”.13 One plate was grounded while the other was supplied
More significantly, atmospheric pressure ion dissociation allows with a potential bias to deflect ions; it was found that-a kV bias
a new experiment in which mass spectra are recorded on theserved to completely remove the signal of the ionic species as monitored
neutral fragments arising from ionic dissociation. This neutral by the LTQ mass spectrometer. After removal of all ions, a mass
re-ionization experiment is much easier to perform outside the spectrum was recorded with2.6 kV or —2.6 kV voltage (depending

mass spectrometer than in vacuum and provides increased" whether the positive or negative ionization mode was chosen) applied
structural information to the needle while the gas stream passed through the ion switch.

Experimental Section Results and Discussion

The apparatus used for ion thermal dissociation at atmospheric Figure 1 panels a and b show the atmospheric pressure
pressure (refer to Scheme 1) consisted of an ESSI ion source, a stainlesthermal activation mass spectra of angiotensin Il and bradykinin;
steel tube (3.2 mm o.d., 1.6 mm i. d., length 22 cm) coiled to form variousa, b, andy ions from peptide backbone cleavage as well
two loops with a diameter of ca. 2.5 cm, and a LTQ mass spectrometer a5 fragment ions due to loss of water and ammonia are observed.
(Thermo Fisher, San Jose, CA) fitted with an atmospheric pressure This ghservation is similar to the ion dissociation behavior in
interface m_cludlng_ a heated transfer capillary. The_ coiled tube was conventional collision-induced dissociation (CID) or the so-
wrapped with heating tape and placed between the ion source and the

transfer capillary of the mass spectrometer, and the distance betweenCalled slow heating” techniques like sustained off-resonance

the tube and the transfer capillary was varied over the range 1 mm to |rra_d|at|0n c_oII|S|or_1-|ndgce_d d|SSOC|§t|on (SORI-C_IB)Inter-

4 cm. Higher signal intensity was observed at smaller distances, €Stingly, unique dissociation behavior which is different from
probably because more ions from the coiled tube outlet were collected CID is also observed, as exemplified by the base peak/at

into the MS inlet. The ESSI ion source silicon capillary tip was inserted 971 in the thermal dissociation spectrum of bradykinin (Figure
into the coiled tube (i.e., the ions and/or microdroplets generated in 1b). This fragment ionrfyz 971) is the result of side-chain
the ESSI process were directly sprayed into the tube) to maximize the cleavage; however, it was not observed in the product ion spectra
signal. This did not have any effect on the vacuum system of the mass of the singly, doubly, or triply charged bradykinin ions under
spectrometer because the outlet of the coiled tube was also in air. Thengrmal CID conditions (Figure 2). Mechanistically, singly

:‘;behteTperft“re Wzstﬁont”o”ed bty adjL;Stﬂng trle_&/oltaglele ipt‘;]”e? ;0 protonated bradykinim@z 1061) dissociates intovz 1031 (loss
€ healing tape, and the temperature of the outside wall of the b€ ¢ epa from the side chain of the serine residue, a well-

(i.e., the tape temperature) was monitored by an Omega thermocouplek Ivsi pre lution): sub t water |
sensor. Temperatures used ranged from 230 to°83(as indicated nown pyrolysis processin solution); subsequent water loss

below. The resulting thermally generated fragment ions emerging from Y1€1dS MV 1013 and is followed by side-chain cleavage (loss
the tube were monitored using the LTQ mass spectrometer. The Of NH=C=NH from an arginine residue) tovz 971. The
temperature of the LTQ transfer capillary was kept at 3G6hroughout ~ reaction sequence is supported by the fact that971 was

the experiments. Sample solutions used were typically-2.Q mg/ observed as the base peak in the product ion CID spectrum of
mL of peptide/proteins in a solvent consisting of 50:50 methanol/water m/z 1013. The unique dissociation behavior might be due to
containing 0.1-1% acetic acid; no acid was added in the case of the the possibility that in our experiments activation of peptide ions
during thermal dissociation at atmospheric pressure commences

(11) (a) Schwartz, B. L.; Gale, D. C.; Smith, R. D.; Chilkoti, A.; Stayton, P. S.
J. Mass Spectronl995 30, 1095. (b) He, F.; Ramirez, J.; Garcia, B. A;;

Lebrilla, C. B.Int. J. Mass Spectroni999 182—-183 261. (c) Garcia, B.; (13) Chen, H.; Ouyang, Z.; Cooks, R. @ngew. Chem., Int. Ed. End2006

Ramirez, J.; Wong, S.; Lebrilla, C. Bat. J. Mass Spectron2001, 210/ 45, 3656.

211, 215. (14) Gauthier, J. W.; Trautman, T. R.; Jacobson, DABal. Chim. Actal1991
(12) TakKas, Z.; Wiseman, J. M.; Gologan, B.; Cooks, R.A&hal. Chem2004 246, 211.

76, 4050. (15) Vallentyne, J. RGeochim. Cosmochim. Acted64 28, 157.
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Figure 1. Mass spectra showing atmospheric pressure thermal dissociation of (a) angiotensin 1I°& 88pbradykinin at 360C, (c) phosphopeptide
DHTGFLpTEpPYVATR at 290°C (y ions with loss of one phosphate group are labeled with an asterisk), and (d) ubiquitin &€.320
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Figure 2. CID mass spectra of (a) singlyn(z 1061), (b) doublyifvz531),
and (c) triply Wz 354) charged bradykinin (RPPGFSPFR) ions at collision
energy of 25%. Note the fragment ionrofz 971 in the thermal dissociation
of bradykinin is missing in the CID spectra.

in the fine ESSI droplets entering the coiled heating tube, rather
than occurring only in the free gas phase without solvent effects.

5882 J. AM. CHEM. SOC. = VOL. 129, NO. 18, 2007

Thus it might be the result of the combined effects of both
thermal activation and numerous collisions of either naked ions
or microsolvated ions in the gas stream. In a separate experi-
ment, simply heating the peptide angiotensin | in methanol/
water solution under reflux conditions under atmospheric
pressure for over an hour did not produce any fragments in
solution as determined by ESSI of the solution before and after
heating. (See experimental details given in the Supporting
Information). This result suggests that the dissociation mech-
anism in the present experiments is not a simple solution-phase
process but rather that gaseous collisions (not excluding ion/
surface collisions) play the major role in ion dissociation. Note,
however, that the present study is not aimed at elucidation of
mechanisms and this issue will be taken up subsequently. The
observation that a much higher fragmentation yield was observed
using a coiled tube compared to a straight tube under the same
experimental conditions (tube temperature and length) suggests
that the turbulent gas flow in the coiled tube increases the
residence time of the peptide precursor ions. This is consistent
with the fact that few wall collisions are expected in the straight
tube arrangement at the near-supersonic velocities achieved in
ESSI#2a residence time of about 1 ms is calculated for a carries
gas with a velocity of 300 m/s.

Protein phosphorylation is among of the most widely studied
post-translational modifications and it plays key regulatory roles
in cellular processe¥. It has been found that atmospheric
pressure thermal dissociation is useful for the determination of
phosphorylation sites in peptides, since the negative ion spectra
produce many andy ions with preservation of labile phosphate
groups (e.g., the ionls;~, bs™, ys—, Vv, Yo, Y10, andyi»~ in
the example shown in Figure 1c). This information is not
available using CID (the inset of Figure 1c shows that few
fragment ions are formed upon CID of the singly charged

(16) Hunter, T.Cell 200Q 100, 112-127.



ARTICLES

100; [MHHI"

Bradykinin fragment 1-7 (140 fmol)

o

o

c |

o

=

£

S

0 E

< ]

250

s

s

R

€ -
be'
bg*-H,0 |
ya"-NH; z\
i b, .
i / o
E IS VRN SR [PPSUTTE TYVISPPR PO | N ST RUUEES S NPRNN SN P | iJ IURTIPRPRRTN Y

100 200 300 400 500 600 700
m/z

Figure 3. Atmospheric pressure thermal dissociation mass spectrumugfriL of peptide bradykinin fragment-17 (RPPGFSP, MW 756) at 310°C
(background subtracted; the injected amount for acquiring this spectrum wdma#of bradykinin fragment +7).

deprotonated phosphopeptide ion{] ). In another example,  implemented in conjunction with adequate separation of either
the insulin receptor-derived peptide TRDIpYETDpYYRK, upon peptide/protein molecules using chromatography or of the
thermal dissociation at 23%C, yields the fragment ionbs~, ionized peptide/protein ions using ion mobility spectrometry.

bs™, Va~, V57, Y6, andys~ which retain phosphate groups (see Because thermal fragmentation proceeds outside the mass
spectrum shown in Figure 1S, Supporting Information). This spectrometer in these experiments, examinationnefitral
feature of thermal dissociation is attractive because phospho-fragmentsemerging from the coiled tube is straightforward.
peptides in mixtures often have greater ionization efficiencies Using conventional dissociation methods in vacuum, specialized
in the negative ion mode than in the positive ion mode owing tandem mass spectrometers are required to perform analogous
to the reduction in isoelectric point arising from phosphoryla- collisional re-ionization experimentdIn the ambient dissocia-
tion.1” tion experiments, ionization of the neutral fragments in the gas
Coiled-tube atmospheric pressure thermal dissociation extendslow emerging from the hot coiled tube simply uses on-line
to proteins. In the case of ubiquitin, which is known to undergo corona discharge ionization (Scheme 1). To avoid interference
almost no nozzle-skimmer dissociation (ascribed to rapid folding from the ions already present in the gas flow, an “ion switeh”
of the nascent gaseous idff)a variety ofy ions is generated  is used to deflect these ionic fragments. A proof-of-principle
by simple thermal dissociation (Figure 1d). Among thems, experiment using the tetrapeptide Met-Arg-Phe-Ala (MRFA)
Yo4, Y37, andyas ions arise from cleavage C-terminal to aspartic was first carried out. Peptide Met-Arg-Phe-Ala (MRFA, MW
acid residues, a characteristic dissociation feature of protein ions523) was chosen for this initial thermal dissociation/neutral re-
observed previously under CID in ion traffsWhile the rich ionization experiment because it yields a fragmenttigh(nz
protein spectrum shown in Figure 1d remains to be investigated 288) by loss of the neutral fragment Phe-Ala (MW 236) while
in detail, the capability of dissociating protein ions is promising Phe-Ala is not seen as the protonated ion [PhetAld] (m/z
for the possible extension of this method to “top down” protein 237, i.e., they. ion) in either the thermal dissociation mass

sequencing?® spectrum (Figure 4a) or the ESSI mass spectrum (not shown)
In another example of atmospheric pressure thermal dissocia-Of this peptide. In the neutral fragment ionization experiment
tion, myoglobin was ionized by ESSI and heated to 320 (i.e., on-line corona-discharge ionization of the gas stream

Among they ions generatedy344+ and y345+ originate from emerging from the thermal dissociation coiled tube after removal

cleavage at the 119/120 (His/Pro) residue, a facile fragmentationof ionic species in the gas stream using the ion switch), the
pathway owing to the presence of prolifeAn additional neutral fragment, Phe-Ala, was ionized via protonation using
feature of atmospheric pressure thermal dissociation, besidescorona discharge (presumably ionized water vapor serves as the
the simplicity and speed of implementation of the method, is immediate ionizing agent) and the resulting ion [Phe-At§*

its sensitivity. This enhances its potential value in analytical appeared at/z 237 (Figure 4b). CID of this ion [Phe-AteH]
applications. Characteristic dissociations of one peptide, brady- (Mz 237, Figure 4c) gave rise tw/z 120 (@, ion of Phe-Ala),

kinin fragment 17, are observed using samples as small as Mz 191 (by loss of CO and #D), andm/z 219 (by loss of

140 fmol (Figure 3). Because ion-selection at atmospheric H20), consistent with its structure. This assignment was
pressure is challenging, the application of this thermal method confirmed by the identity of the CID spectrum shown in Figure

to the analysis of peptide/protein mixtures may be best 4C With that obtained from the ion [Phe-Al&]* (m/z 237,
Figure 4d) generated directly by ESSI ionization of an authentic

(17) (a) Gunawardena, H. P.; Emory, J. F.; McLuckey, SAAal. Chem2006

78, 3788. (b) Aebersold, R.; Goodlett, D. Rhem. Re. 2001, 101, 269. (22) (a) Burgers, P. C.; Holmes, J. L.; Mommers, A. A.; Terlouw, JCKem.
(18) Han, X.; Jin, M.; Breuker, K.; McLafferty, F. W6cience2006 314, 109. Phys. Lett.1983 102 1. (b) Poke, M. J.; Beranova, S.; Nold, M. J,;
(19) Xia, Y.; Liang, X.; McLuckey, S. AAnal. Chem2006 78, 1218. Wesdemiotis, CJ. Mass Spectroml996 31, 1073. (c) McLafferty, F.
(20) Kelleher, N. L.Anal. Chem2004 197A. W.; Todd, P. J.; McGilvery, D. C.; Baldwin, M. AJ. Am. Chem. Soc.
(21) (a) Loo, J. A.; Edmonds, C. G.; Smith, R. Bciencel99Q 248 201. (b) 1980 102 3360. (d) McGibbon, G. A.; Heinemann, C.; Lavorato, D. J.;

Ponce-Alquicira, E.; Taylor, A. JFood Chem200Q 69, 81. Schwarz, HAngew. Chem., Int. Ed. Engl997, 36, 1478.
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Figure 4. (a) Atmospheric pressure thermal dissociation mass spectrum of Met-Arg-Phe-Ala‘’&;3B) mass spectrum showing ionization of the neutral
species emerging from the heated coiled tube. The protonated ion [PheéiXIgnvz 237) arises from the ionization of the neutral fragment Pha-Ala; (c)

CID of [Phe-Alat-H] " (m/z 237) generated by ionization of the neutral fragment; (d) CID of the ion [Phe-A]a generated from ESSI of the authentic
dipeptide Phe-Ala. Comparison of panels ¢ and d confirms the structure of the neutral fragment Phe-Ala generated from thermal dissociatiog-of Met-Ar
Phe-Ala.
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Figure 5. Mass spectra recorded by ionizing the neutral fragment generated from angiotensin Il by thermal dissociation showing (a) positive and (b)
negative ionization modes.
sample of the dipeptide Phe-Ala. This experiment confirms that CO upon CID, in agreement with the CID behavior of [Pro-
the neutral fragment generated by thermal dissociation can bePhet-H]* formed by ESSI of the authentic peptide Pro-Phe.
ionized by corona discharge and seen as the correspondingThesey ions disappeared when the tube temperature was
protonated molecule in the mass spectrum. lowered to the point where thermal fragmentation was negligible,

Angiotensin Il has also been examined in this neutral fragment confirming the origin of the neutrals as thermal dissociation
ionization experiment. Figure 5 panels a and b display positive products. It is very likely that thermal dissociation of angiotensin
and negative ion mass spectra obtained upon ionization of thell involves the ion rather than its neutral form since the peptide
neutral fragments generated from thermal dissociation of (isoelectric value 62%) would carry net charges in the initial
angiotensin |l, respectively. The formation of a series of sample solution (1% acetic acid, pk 3) prior to spray
positively charged ions {y.* to y;* in Figure 5a) as well as a  ionization and thermal dissociation. The fact that neutrals arise
series of negatively chargedions {,~ to y;~ in Figure 5b), from ion dissociation is also supported by the formation of
points to the presence of the corresponding neutrals (i.e.,complementary product ionis,™, bs*, bs™, andbs* (but not
deprotonated forms gfions) emerging from the hot coiled tube. byt and bs™) (see Figure 1a). Note thagt™ and other peaks
Note that the positively chargedons are 2 Da higher in mass  (e.g., those due to NHand [H,O+NHj3] losses) in Figure 3a
than the corresponding negatively chargéohs (See systematic  are also present in Figure la, suggesting that these species
description of structures and relationships between neutral andemerge from the coiled tube in both the ionic and neutral forms.
ionic fragments in Supporting Information). The assignment of Clearly, given the high fragment coverage (i.e., the large set of
these ay ions was confirmed by CID experiments. For instance,
they,™ ion dissociates to [PReH]™ and it also loses KD and (23) Prowl. http://prowl.rockefeller.edu/prowl-cgi/sequence.exe, Oct 31, 2006.
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Figure 6. (a) Atmospheric pressure thermal dissociation mass spectrum of angiotensin | (DRVYIHPFHL)&;3#) mass spectrum in the positive ion
mode showing ionization of the neutral species emerging from the coiled tube (background subtracted); (c) atmospheric pressure thernoal diaseciati
spectrum of substance P (RPKPQQFFGLM) at 360(d) mass spectrum in the positive ion mode showing ionization of the neutral species emerging from
the coiled tube.
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Figure 7. (a) Mass spectrum in the positive ion mode showing ionization of the neutral species arising from thermal dissociation of oxytoc¢i@ at 360
the presence of disulfide bond reducing reagent 1,4-dithithreitol (DTT). The concentration of DTT in the sample solution of oxytocin (1.0 mg/mL) used
for ESSI prior to thermal dissociation was 3.7 mg/mL. Note that the label prifriadicates the reduced form. The inset shows the structure of oxytocin.
(b) CID MS? spectrum of the protonated native oxytocin.

y ions), neutral fragment mass spectra provide additional TTﬁg’r% 161 | Dslgsr?)g::%r?faﬁ ;”‘\ldeﬁ/t:glnlszrgggifﬁt?{jefrgngt'lfgﬁt

structural information not given by the directly formed ionic

fragments Neutral fragment mass spectra were recorded for direct thermal dissociation neutral fragment re-ionization
tid in the positive ion mod in the positive ion mod

other peptides, including angiotensin | (DRVYIHPFHL) and peprdes '2 e'ios' 'VE'O"T" e+ +'" ipos!"e"’rm"f

substance P (RPKPQQFFGLM) (see mass spectra shown in angiotensinl  be", b7", bg"™, yo©, ya®,  y17, y2", ys", ya' 5™,

+ Vot Vot + vt Vot Vot
Figure 6). Increa;ed sjcructural |nformatlon (mainly bz?\sed N angiotensin Il by +),,7b4;"¥8b5’!,9b6+| y2+),/6y g y7y g ),/8)/5’),/9
the observed series gfions) was obtained as summarized in br*, vt Yo', yr+
Table 1. substance P ba*, bs*, bs*, bet, bs*, bet, bg™, bo™, biot,
Interestingly, in the case of disulfide bond-containing peptide br*, g™, be", yg* y2',yat yat st

+ vot vet Vet vt
oxytocin, with addition of the reducing reagent 1,4-tbio- Y, Y77, ¥a', ¥o©, Yio

threitol (DTT) to the peptide solution, the neutral fragment mass

spectrum recorded after thermal dissociation shows the forma-CID of the protonated native oxytocin ion gives rise to the
tion of characteristic fragment iors*, bs™, y4™, ys™, V6©, fragment ionse™, by, andbg™ containing intact disulfide bond
y77 andyg™ in the reduced forms (Figure 7a). By contrast, the (Figure 7b). It can be seen that neutral fragment ionization
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coupled with disulfide bond reduction provides quite different ~ Acknowledgment. This work was supported by the National
sets of fragment ions and thus complementary structural Science Foundation (Grant CHE04-12782).
information.

In conclusion, the thermal ion dissociation method outside Supporting Information Available: Fragment ion nomen-
the mass spectrometer provides useful sequence informationy v re and supporting spectra. This material is available free
frpm t.)Ot.h lonic and neutral fragments V|a_d|r_ect_thermal of charge via the Internet at http://pubs.acs.org.
dissociation and from neutral fragment re-ionization. The
experiment described here is easy to implement and should find
application in proteomics. JA067712V
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