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ISAjeUY,

MS/MS has been used to sequence peptides and small proteins for a number of years. This method alows one to
isolate the peptide of interest, which makes it possible to analyze impure samples and unseparated mixtures, such
as protein digests. Collision-induced dissociation (CID) of the selected peptide ion generates the product ions that
provide sequence information. However, often the MS/M'S spectrum does not provide adequate information for
complete sequence determination. The quadrupole ion trap has the capability to do multiple stages of mass
spectrometry, MSh, which can increase the information available to determine the peptide sequence. A regular and
predictable dissociation pattern for peptides further simplifies this analysis. By forming predominantly one type of
ion, ambiguity is removed as to whether the ion is N- or C-terminal. This pattern can also be advantageous in that
ion intensity remains concentrated for the next stage of MS/MS. In this work, a method to take advantage of the
MSn capabilities of the quadrupole ion trap by controlling the dissociation pathways is explored. Dissociation is
atered by acetylating the N-terminus of the peptide. MS" of a variety of acetylated peptides is used to determine
the effects of the identity of the C-terminal residue and the length of the peptide on the dissociation pathways

observed.

I ntroduction

The primary sequence of aprotein, the order of amino acids, has
long been known to determine the three-dimensional structure
of that protein.! This sequence can also serve to identify a
protein from a cell extract, which assists researchers in
discovering that protein’s function.2# The growing field of
proteomics requires fast, reliable methods to determine the
primary sequence from small amounts of precious sample.58
Edman degradation, the most common sequencing method,
requires at least 1 pmol of protein and takes approximately 30
min per residue, in addition to stringent purification protocols.®
Recent advances in sequencing with mass spectrometry allow
significantly reduced sample consumption and analysis time,
requiring femtomoles to attomoles of sample and times as short
as afew minutes for analysis.10-16

Tandem mass spectrometry (MS/IMS) provides segquence
information via dissociation of amass-selected peptideion. The
selected peptide ions are typicaly activated and induced to
dissociate by collisions with a collision gas introduced into the
instrument.1”-19 Fortunately, certain bonds aong the peptide
backbone are particularly susceptible to dissociation when the
peptide ion is activated. A nomenclature with two main
categories describes the product ions formed: a,, b, and c,
contain the N-terminus, while x;, y,, and z, contain the C-
terminus, with n referring to the number of residues in the
product ion.20.21 The mass differences between the parent ion
and the resulting product ions of a given product ion series (e.g.
b ions) correspond to the masses of the residues that dissociate
from the peptide, allowing the sequence of the peptide to be
determined.

Unfortunately, sequenceinformation is oftenincomplete, and
internal fragmentation, along with the formation of both N- and
C-terminal product ions, can make interpretation challenging.
The degree of dissociation and types of productsthat are formed
vary depending on factors such as the collision energy and the
time frame for analysis of the product ions. Dissociation in ion
trapping instruments involves lower energy collisions, which
limit the dissociation to only low energy pathways. However,
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ions with low activation energies, which do not have sufficient
timeto dissociate in abeam instrument, do undergo dissociation
in an ion trap due to the longer time frame for anaysis. Thus,
fewer types of product ions are seen, but agreater fraction of the
parent ion is converted to the observed product ions. The M
capabilities of the ion trap can provide additional sequence
information by allowing further steps of dissociation, which
produces genealogical information that helps to identify the
product ions with more certainty. M S" can be avery useful tool
for sequencing, but a predictable dissociation pattern would
simplify analysis further. Additionally, care has to be taken to
ensure that rearrangements which might lead to erroneous
interpretation are minimized or at least recognized.22
Historically, protonated peptides have been used in mass
spectrometry almost exclusively. However, it has been shown
that sodium-cationized peptides dissociate in a quadrupole ion
trap in a very simple and predictable pattern.23 Sodium-
cationized peptides tend to favor the formation of the [b,_ 1 +
Na + OH]* product ion upon collision-induced dissocia-
tion.24-29 Thision is usually the dominant product ion with low
abundances of other product ions formed. Thus, the C-termina
residue can be unambiguously identified (with the exception of
differentiating leucine and isoleucine). Because there are few
other product ions, most of the intensity of the [M + Na]* peak
is transferred to the [b,_1 + Na + OH]* peak. With MS/IMS
efficiencies of 60-100% and conversion efficiencies of
50-100%, multiple stages of MS/MS are usually possible.30
Because theinitial parention [M + Na]* can a so be considered
as[b, + Na+OH]*, the MS/IM S product [b,_; + Na+ OH]* is
equivalent to a peptide ion one residue shorter than the initial
parent ion.3t Thus, the [b,_; + Na + OH]* aso follows the
same dissociation pattern, and the product [b, > + Na+ OH]*+
can be expected (and is seen) from MS3.27.31 |n this way,
sequencing from the C-terminus can be accomplished in a
regular, stepwise fashion. Singly charged, sodium-cationized
peptides up to ten residuesin length have been generated for this
method of sequencing using electrospray ionization. Longer
peptides typically form multiply charged ions when using
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electrospray, and these types of ions have yet to be fully
characterized to determine if the same dissociation pathways
will be observed.

Thistype of sequencing can be useful for identifying proteins
isolated from cell extracts. The protein can be digested with a
proteolytic enzyme, such as trypsin. A few stages of MSIMS
can easily revea the identity of a few C-terminal residues of
some of the peptides. Searches of protein or DNA databases
with this information then identify the protein. Many proteins
can beidentified simply by searching with the masses of 4-5 of
the peptidesfrom atrypsin digest. By adding M S sequencing of
two or more of the residues, proteins can be identified more
confidently from larger databases using lower mass accu-
racy.32

Unfortunately, the C-terminal dissociation pattern is not
universal and depends upon the identity of the C-terminal
residue.z3 The residues can be divided into two main categories
based on their dissociation patterns (Table 1). Category |
residues dissociate to form predominantly the [b,_; + Na +
OH]* ion, as described above. Category Il residues do not
produce the[b,_ 1 + Na+ OH]* ion as the predominant product
ion, rather dissociating to more standard N-terminal ions (e.g.
the sodiated analog of a, and b,) and by side-chain losses.
Category laresidues behave as Category | residues when at the
C-terminus of longer peptides (>3 residues) and as Category |1
on short peptides (<3 residues). The Category |l-type dissocia-
tion impedes the stepwise C-terminal sequencing by dispersing
the parent ion intensity over a number of product ions. This
lowers the intensity of the parent ion for the next stage of MS/
MS, which reduces the sensitivity and decreases the number of
stages of MS/MS that can be achieved.

Controversy exists regarding the location of the sodium ion
interaction with the peptide, so it is difficult to speculate as to
how the Category | and Il interactions differ. Several previous
experimental results indicate that the sodium ion directs the C-
terminal dissociation through interactions with the C-termi-
nus.26:27.31 QOther results suggest that the sodium ion may
associate with backbone carbonyl oxygens or side chains.29.33
Computer modeling studiesindicate that there may be avariety
of siteswhere sodium ions can coordinate. Calculations by both
Leary’s and Beauchamp's groups indicate that alkali metal ions
can interact with internal carbonyls or the N-terminus more
favorably than with the C-terminus. Leary and co-workers
found that the metal ion coordinated either to the internal
carbonyls or to the N-terminus should be significantly more
stable than when coordinated to the C-terminus.34 Beauchamp
and co-workers determined that the metal ion associated with
the ion pair of a carboxylate side chain and a protonated
backbone amide is a likely intermediate in the dissociation of
alkali-cationized peptides.33 It is interesting that in both cases
the peptides modeled would be expected to dissociate as
Category |l peptides. However, the experimental results from
Grossand co-workers, mostly with Category | peptides, indicate
coordination to the C-terminus.3!

It is probable that there are a number of sites where the metal
ion can coordinate to a peptide, and different peptide sequences
may prefer different sites of interaction. This paper describesan
attempt to facilitate Category |-type dissociation by acetylating
the N-terminus, to make coordination to the N-terminus less
favorable and thereby induce dissociation to the [b, _1 + Na+
OH]™* ion. This would make dissociation more predictable and
allow simple, stepwise C-terminal sequencing using MSn.

Tablel Categorization of amino acids by dissociation patterns

Category | Category la Category 11

AV, LILMPFY,KHCER G, D, W ST,N,Q
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Experimental

Peptides and proteins were obtained from Sigma (St. Louis,
MO, USA) and used without further purification. Solutions of
1:3 mole ratio mixtures of 100 uM peptides with NaCl
dissolved in methanol—-water (80 + 20) were used to generate
sodium-cationized peptide ions. Protonated peptide ions were
generated from 100 uM solutions in methanol—water—acetic
acid (75 + 20 + 5). Cytochrome ¢ from horse heart (1 mg mL—1)
was digested with sequencing grade trypsinina50: 1ratioin a
100 mM ammonium acetate solution at 37 °C for 24 h.
Methanol was added to the digest for afinal composition of 60
+ 40 methanol-water. The concentrations used are well above
the detection limits of the instrument to ensure a more than
adeguate signal while this method was being investigated. A
practical application of this method could easily be done with
much lower concentrations.

Acetylated peptides were prepared via one of three proce-
dures. In the first, 1 mg of peptide was dissolved in 1-2 mL of
dichloromethane, and 100 uL of acetic anhydride were added.
This mixture was vortexed for 1-2 h and then dried using a
rotary evaporator. The second method combined 0.5 mg of
peptide with 50 uL each of methanol and acetic anhydride. This
reaction was allowed to proceed for approximately 5 min before
being diluted to a 100 uM concentration as described above.
Peptides from the tryptic digest were in a water solution and
were acetylated with acetic anhydride by keeping the pH above
8. This was achieved by mixing 250 uL each of protein digest
and saturated ammonium acetate. While keeping this solution at
0°C, 25uL of acetic anhydride were added in five portions over
1 h.35No evidence was seen of acetylation at sites other than the
N-terminus. Methanol was added to bring the composition to 60
+ 40 methanol-water. Less than 1 uL of each sample is
consumed during analysis.

Experiments were performed on a modified Finnigan-MAT
(San Jose, CA, USA) ITMS controlled with ICMS software.36
An external calibration was used to ensure correct mass
assignments. Helium buffer gas was added to approximately 1
mTorr. Collision-induced dissociation (CID) was achieved via
resonant excitation as described previously.3” Generation of
peptide ionsin the gas phase was achieved using a custom-built
nanoel ectrospray source. This source consumes approximately
6 nL min—1, which allows attomole detection limits.

Modified neglect of differential overlap (MNDO) calcula-
tions were performed with the MOPAC package, version 6.0.
PCMODEL (Serena Software) was used to generate a starting
structurefor MOPAC. Sodiumionswereinitialy coordinated at
various sites along the peptide, then the calculation optimized
the structure to the local energetically minimized stable
conformation. The heats of formation and bond lengths were
obtained from these calculations.

Results and discussion

Dissociation patterns for both the protonated and sodiated
acetylated peptides were investigated. Because the [b, —; + Na
+ OH]* ions have the same structure as an [M + Na]* ion and
only the identity of the C-terminal residue is under considera-
tion, each [b,_; + Na+ OH]* ionistreated asanew [M + Na]*
ion. For example, MS/MS of [GGY + Na) is actualy MS3 of
[GGYR + Na)]. Thus, to avoid confusion as to which residue is
being investigated asthe C-terminal residue, all the experiments
will be referred to as MS/MS. The desired result would be to
induce Category |-type dissociation for all residues. Identifica-
tion of the C-termina residue would then be unambiguous
(except for the isomers leucine and isoleucine), and the product
ion intensity would be concentrated in one peak, [b,_; + Na+
OH]J+, for the next stage of MS/IMS. The dissociation of each
acetylated peptide was compared with the dissociation of the



corresponding non-acetylated peptide to determine whether the
derivatization offers these advantages for sequencing.

Protonated acetylated peptides do not appear to provide any
advantages for MS over the protonated non-acetylated pep-
tides. The acetylated peptides do exhibit a dightly different
distribution of dissociation products than the non-acetylated
peptides. However, there is no single type of product that is
favored and can be expected for either Category | or Il residues
(Table 2). As seen in Fig. 1, the ion intensity is distributed
among many products in both spectra. Both spectra show that
the only backbone cleavage site is the peptide amide bond (b-
type ions), but that some of these ions also lose NH3, H,0, or a
side chain fragment (such as the loss of 42 that is seen when
arginine is present).38:39 In fact, simply MS/MS of either the
protonated or sodiated non-acetylated peptides usually offers a
more easily interpreted dissociation because the b seriesis less
cluttered and more easily distinguished.

MS/MS of acetylated sodium-cationized peptides did show
some advantages over the non-acetylated peptides. Sodium-
cationized peptides with Category | residues usually dissociate
to the [b,_; + Na+ OH]* ion both when acetylated and when
not. In addition, some Category Il and Category la residues
dissociate like Category | residues when the peptide is
acetylated. This behavior can be seen with the peptide
ALILTLVS in Fig. 2. This peptide has serine, a Category |l
residue, at the C-terminus. The sodium-cationized peptide
dissociates to a large number of products, with [b,_; + Na +
OH]* present in very low abundance. It would be desirable to
select thision for the next stage of MS/IMS (MS3), as[b,_» +
Na+ OH]* could then be expected, but the dissociation of alow
intensity parent ion would severely limit the intensity in the
product ion spectrum.

Upon acetylation of the N-terminus, the dissociation pattern
of the peptide, ALILTLV'S, changesdrastically. Category I-type
dissociation is now seen. The C-termina residue can be easily
and confidently identified, and the [b,_;+Na+OH]* ion is
available in good abundance to continue the C-terminal
sequencing by MSn. Other Category |1 peptides also adopted
Category |-type dissociation upon acetylation, for example SSS,
PPGFS, and Y GG, as shown in Table 3. However, the Category
I-type dissociation was not observed for every peptide. The
effect of acetylation does not appear to depend solely upon the
identity of the C-terminal residue or the length of the peptide, as
is seen with the sodium-cationized peptides. Thereis no readily
apparent pattern to predict which peptides will be favorably
affected by acetylation.

Table2 Dissociation of protonated peptides?

The acetylation technique was also used with a cytochrome ¢
tryptic digest to evaluate the potential usefulness with protein
digest analysis. The mass spectra of the digest before and after
acetylation are compared in Fig. 3. The complexity of the
spectra is seen to increase greatly following acetylation. The
acetylation reaction gives a60% yield at best.35 Thus, the digest
mixture becomes a mixture of both acetylated and non-
acetylated peptides. Upon the addition of salt, the mixture
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Fig. 1 Comparison of dissociation patterns of acetylated and non-
acetylated peptide, RGD. The [b, — 42]* ions result from the loss of a
portion of the R side chain.

[bi]* [an]* [Pa—1+OH* [bn_a]* [@a—4]* [bh_2+OH]* [bh_2* Other

GGYR 100 [b-17]* 19; [yn_s]* 52;
[yn_s17]* 11; [G*R]* 21

acyl-GGYR 100 40 80 [yn_ 1-H-0]* 70

YG(GLF) 24 100 [bn_1-17]* 62; [&,_1-17]* 9

acyl-Y G(GLF) 100 18 [a,_1-acyl]* 6

RGD(S) 100 25 74 [b_ 1-17]* 16, [b,_J]* 22

acyl-RGD(S) 78 49 42 100 [b-17]* 52, [, 1-42]* 21
[bn—>-acyl]* 13

KWD(NQ) 100 84 36 57 [br-H-0]* 26, [by, _ 1-H0]* 32

acyl-KWD(NQ) 43 38 [bn-H201* 91, [b,— 1-H,0]* 49,
[an—1-acyl]* 100, [a,-H20]* 30

KWDNQ 100 84 36 57 [bn-H201+ 26; [by, _ 1-H,0]* 32

acyl-KWDNQ 100 9 21 71 95 [by-H,0]*+ 42; [by-2H,0]* 26;
[stn— 1-H20]* 65; [a, - 1-H:O]*

RGDS 39 24 74 [bn-17]*+ 20; [(bay2)2]* 21

acyl-RGDS 45 13 100 [bn_a]*

LLFGYPVYV 17 100 [y-* 13

acyl-LLFGYPVYV 100 1 lyracyl]* 7

a Residues in parentheses were previously dissociated from the original peptide. For example, the MS/MS stage under consideration for Y GG(LF) is MS4,
where the original peptide was YGGLF and G is the residue currently at the C-terminus.
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becomes one of both sodiated and non-sodiated peptides as
well. This complexity would make the analysis of an unknown
protein significantly more challenging. Not only hasthe number
of speciesin the mixture been multiplied, but also the intensity
of each of the origina peptide fragments has been distributed

among four types

of ions.

The dissociation of some peptides from this digest was
examined. Fig. 4 shows a comparison of a protonated and an

acetylated, sodiated version of

the digest

fragment,
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Fig. 2 Comparison of dissociation patterns of acetylated and non-
acetylated sodium-cationized peptide, ALILTLVS.

Table 3 Dissociation of sodium-cationized peptides?

TGPNLHGLFGR. The protonated ion dissociates to a large
number of productsincluding abion series, somey ions, and an
internal fragment. The acetylated, sodiated ion has significantly
fewer products, with lower intensity y ions and much of the
intensity inthe [b,_ 1 + Na+ OH]* ion. Identification of the C-
terminal ion iseasily and confidently made using the acetylated
peptide. However, the intensity of the parent ion is reduced by
the factors mentioned above. The result is that, although the
[bh_1 + Na+ OH]* ion is a significant product (about 50%
relative abundance), the intensity is insufficient to perform
MS3. (Note that parent peptide ions available for MSMS
exhibit very low intensity in the mass spectrum of the acetylated
digest shown in Fig. 3.)
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Fig. 3 Comparison of mass spectra of a cytochrome c tryptic digest and
the same digest following acetylation.

[on + [an + [bn—1+ Na+ o1+ [Bn1+ [on 2+

Na — H]* Na — H]* OHJ+ Na — H]*+ Na — H]* Na — H]* Other
SSS 41 9 27 100 4 [bn—2 + Nat+OH]+ 15
acyl-SSS 77 100 54 20
PPGFS 64 60 65 100
acyl-PPGFS 60 100 98
ALILTLVS 100 5 13 38 45
acyl-ALILTLVS 100
RYLPT 100 14
acyl-RYLPT 20 100 17
GYR 100 30 [b, + Na-H — 42]* 96
acyl-GGYR 100 30 [b,+ Na— H — 42]+ 14
GGY(R) 40 [(bsy2)1 + Na+ OH]*+ 100
acyl-GGY (R) 100
RGD(S) 100 11 14 [b, + Na—H — 17]* 40
acyl-RGD(S) 18 13 100 [bh_2+Na—H — 42]+ 10
YGG(LF) 70 65 100 20 [an—1+Na— H]*53
acyl-YGG(LF) 46 100

aNo significant difference between dissociation patterns of acetylated and non-acetylated: RGDS, RGDT, GAVSTA, YGGLF, YGGFL, KWDNQ,
LLFGYPVYV, LFGYPVY.
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Semi-empirical MO calculations

Computer modeling of acetylated and non-acetylated ions was
performed to investigate the effect of the derivatization on these
ions. The peptides Y GGFL, Y GGL, GGGG, and GVYVH were
used as models for Category | peptides, and YGG, YGGS,
RGDS and PPGFS represented the Category laand Il peptides.
PPGFS and YGG were observed experimentally to adopt
Category |-type dissociation upon acetylation, while RGDS did
not. The sodium ion was coordinated to several sites in each
peptide, the C-terminus, N-terminus, and internal carbonyls.
The heats of formation for each of the coordination sites were
compared to try to identify where the sodium ion is most stable.
However, the energies for the different coordination sites were
very similar, so it was not possible to identify a preferred
location for the sodium ion in either the acetylated or non-
acetylated peptides.

Bond lengths were also examined to evaluate the effect of
coordination site on various bonds. The protonated peptides
were also modeled for comparison. In certain cases, the peptide
bonds, those that would bresk to form b ions, were observed to
lengthen by approximately 0.15 nm relative to the protonated
ions. The lengthening depends on both the location of the
sodiumion and the conformation of the peptide. Peptide starting
configurations were either in extended form, as the bondsin a
strand of a beta sheet, or in amore compact form, asin an apha
helix. In no case were the bond lengths observed to change due
to the derivatization.

When the peptides are bonded in a beta sheet conformation,
the behaviors of Category | and Il peptides are distinct. In
Category | peptides, the C-terminal peptide bond length is
unchanged regardless of the location of the sodium ion. When
the sodium is at the C-terminus, the N-terminal peptide bond is
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Fig. 4 MS/MS spectra of a peptide, TGPNLHGLFGR, from the tryptic
digest comparing the protonated peptide and the acetylated, sodium-
cationized peptide. Note the more sel ective dissociation with the acetylated
version.

lengthened, but when the sodium is at the N-terminus, the bond
lengths are unaffected. Category |1 peptides behave differently.
When the sodium ion is at the C-terminus, each peptide bond is
lengthened by approximately 0.15 nm. However, when the
sodium ion is at the N-terminus, these bonds are close to the
length of the protonated peptides. When the peptides are in an
alpha-helical conformation, both Category | and Il peptides
behave similarly. Here, the C-terminal peptide bond is length-
ened when the sodium ion is at the N-terminus.

Because comparison of heats of formation of the various
peptides modeled did not reveal apreferred coordination site of
the sodium ion, no conclusions could be drawn as to the effect
of acetylation on thelocation of the sodium ion. However, there
was aclear effect of thelocation of the sodium ion on the length
of the peptide bonds. Weakening of the peptide bonds would
enhance the formation of the b-type ions, and weakening of the
C-terminal peptide bond would favor the b, __; ion. This bond
islengthened in Category laand |1 peptides when the sodiumis
at the C-terminus and the peptideisin abeta-type conformation.
Two of the peptides modeled were observed to form predom-
inantly the b, _ 1 ion upon acetylation. Thus, this derivatization
may encourage the sodium ion to coordinate to the C-terminus
by blocking the N-terminus for some Category la and Il
peptides. However, if a peptide has a more apha-helical
conformation, this effect would not be seen. If the different
peptides have more apha helix-type conformation, this may
explain why the dissociation of some Category la and Il
peptides becomes like Category | (PPGFS, Y GG), while that of
others does not (RGDS).

Conclusions

Because acetylation does not universally affect the dissociation
and no clear pattern could be identified, it does not offer
sufficient advantages for regular usein sequencing. Acetylation
does increase the percentage of peptides that dissociate as
Category |, but the reaction lengthens sample preparation time.
Also, because the reaction does not go to completion, the
solution composition becomes more complex, especially for
mixtures (e.g. protein digests). Sodium-cationized peptides
offer notable advantages for sequencing. Acetylation further
improves the proportion of peptides that exhibit Category |
dissociation. However, because acetylation would only improve
sequencing for a small number of residues, these limited
advantages would not outweigh the disadvantages of this
derivatization for routine sequencing. Simply using sodium-
cationized peptides is therefore the generally recommended
method for sequencing using MS" in a quadrupole ion trap.

Acknowledgements

This work was supported by NIH Grant GM49852.

References

1 C. B. Anfinsen, Science, 1973, 181, 223.

2 C. W. sutton, K. S. Pemberton, J. S. Cottrell, J. M. Corbett, C. H.
Wheeler, M. J. Dunn and D. J. Pappin, Electrophoresis, 1995, 16,
308.

3 H.H.Rasmussen, E. Mortz, M. Mann, P. Roepstorff and J. E. Celis,
Electrophoresis, 1994, 15, 406.

4 H.Ji, R H. Whitehead, G. E. Reid, R. L. Moritz, L. D. Ward and R.
J. Simpson, Electrophoresis, 1994, 15, 391.

5 W.J Henzel, T. M. Billeci, J. T. Stultz, S. C. Wong, C. Grimley and
C. Watanabe, Proc. Natl. Acad. Sci. USA, 1993, 90, 5011.

6 L.B. Blyn, K. M. Swiderek, O. Richards, D. C. Stahl, B. L. Semler
and E. Ehrenfeld, Proc. Natl. Acad. Sci. USA, 1996, 93, 1115.

Analyst, 2000, 125, 635-640 639



7
8

9
10

11

12

13

14
15
16
17
18

19

640

U. Hellman, C. Wernstedt, J. Gonez and C.-H. Heldin, Anal.
Biochem., 1995, 224, 451.

R. R. O. Loo, T. I. Stevenson, C. Mitchell, J. A. Loo and P. C.
Andrews, Anal. Chem., 1996, 68, 1910.

P. Edman and G. Begg, Eur. J. Biochem., 1967, 1, 80.

M. T. Davis and T. D. Lee, J. Am. Soc. Mass Spectrom., 1998, 9,
194.

A. Shevchenko, M. Wilm, O. Vorm and M. Mann, Anal. Chem.,
1996, 68, 850.

A. Shevchenko, I. Chernushevich, W. Ens, K. G. Standing, B.
Thomson, M. Wilm and M. Mann, Rapid Commun. Mass Spectrom.,
1997, 11, 1015.

J. Fernandez-de-Cossio, J. Gonzalez, L. Betancourt, V. Besada, G.
Padron, Y. Shimonishi and T. Takao, Rapid Commun. Mass
Spectrom., 1998, 12, 1867.

D. F. Hunt, A. M. Buko, J. M. Balard, J. Shabanowitz and A. B.
Giordani, Biomed. Mass Spectrom., 1981, 8, 397.

D. F. Hunt, J. R. Yates Ill, J. Shabanowitz, S. Winston and C. R.
Hauer, Proc. Natl. Acad. Sci. USA, 1986, 83, 6233.

D. F. Hunt, R. A. Henderson, J. Shabanowitz, K. Sakaguchi, H.
Michel, N. Sevilir, A. L. Cox, E. Appella and V. H. Engelhard,
Science, 1992, 255, 1261.

K. Biemann and S. A. Martin, Mass Spectrom. Rev., 1987, 6, 1.
F.W. McLafferty, |. P. F. Bente, R. Kronfeld, S.-C. Tsai and |. Howe,
J. Am. Chem. Soc., 1973, 95, 2120.

L. Poulter and L. C. E. Taylor, Int. J. Mass Spectrom. lon Processes,
1989, 91, 183.

P. Roepstorff, Biomed. Mass Spectrom., 1984, 11, 601.

K. Biemann, Annu. Rev. Biochem., 1992, 61, 977.

R. W. Vachet, B. M. Bishop, B. W. Erickson and G. L. Glish, J. Am.
Chem. Soc., 1997, 119, 5481.

Analyst, 2000, 125, 635-640

23
24

33

35

36

37

38

39

T. Linand G. L. Glish, Anal. Chem,, 1998, 70, 5162.

L. M. Mallisand D. H. Russell, Anal. Chem., 1986, 58, 1076.

X. Tang, W. Ens, K. G. Standing and J. B. Westmore, Anal. Chem.,
1988, 60, 1791.

D. Renner and G. Spiteller, Biomed. Environ. Mass Spectrom., 1988,
15, 75.

R. P. Grese and M. L. Gross, J. Am. Chem. Soc., 1990, 112, 5098.
L. M. Teesch and J. Adams, J. Am. Chem. Soc., 1990, 112, 4110.
L. M. Teesch and J. Adams, J. Am. Chem. Soc., 1991, 113, 812.

S. A. MclLuckey, G. L. Glish and G. J. Van Berkel, Int. J. Mass
Spectrom. lon Processes, 1991, 106, 213.

R. P. Grese, R. L. Cerny and M. L. Gross, J. Am. Chem. Soc., 1989,
111, 2835.

D. J. Pappin, P. Hojrup and A. J. Bleasby, Curr. Biol., 1993, 3,
327.

S.-W. Lee, H. S. Kimand J. L. Beauchamp, J. Am. Chem. Soc., 1998,
120, 3188.

J. A. Leary, Z. Zhou, S. A. Ogden and T. D. Williams, J. Am. Soc.
Mass Spectrom., 1990, 1, 473.

H. Fraenkel-Conrat, in Methods in Enzymology, ed. S. P. Colowick
and N. O. Caplan, Academic Press, New York, 1957, vol. IV,
p. 247.

N. Yates and R. Yost, unpublished work.

M. R. Asam and G. L. Glish, J. Am. Soc. Mass Spectrom., 1997, 8,
987.

S. G. Summerfield, V. C. M. Dale, D. D. Despeyroux and K. R.
Jennings, Eur. Mass Spectrom., 1995, 1, 183.

T. Lin, A. H. Payne and G. L. Glish, unpublished work.

Paper a908950k



