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Spectra were recorded of all fragment ions formed by elimination of 28-u neutral fragments
in fast atom bombardment spectra of peptides in the mass range 1000-1800 u, This approach
can provide less complex spectra than either conventionally scanned spectra or product ion
scans from coilisionaliy activated four-sector experiments, and spectra that contain infor
mation that is both overlapping and complementary to those from the other techniques.
Constant neutral loss spectra may provide a reading frame for distinguishing sequence ion
series in tandem or single analyzer spectra. (/ Am Soc l'v1ass Spectrom 1990, 1, 336-340)

TIe observation of decompositions defined by
constancy in the mass of the neutral fragment
[1-3] has allowed mechanism-based enhance

ment of both signal-to-noise (SIN) ratios and speci
ficity for characterizing targeted analytes in complex
matrices. Working with tripeptides and tetrapeptides,
dePauw et al. [4] suggested that the constant neutral
loss (CNL) scan can extend an analogous advantage to
oeotide sequencing.
, Peptide 'spectra~obtained by fast atom bombard
ment (FAB) contain series of ions formed by cleav
ages in the amide bonds. Nine series have been de
fined to date [5]. However, usually not all series are
observed in any given spectrum, and predictive corre
lations between sequence and series are not yet well
developed. In order to extend mass spectrometric se
quencing techniques to unknown peptides more rou
tinely, techniques are needed to direct more selective
fragmentation of peptides. Some of the approaches
currently under development include laser ionization
[6J, derivatization [5], arnd neutralization followed by
chemical reionization [7, 8].

In this paper we explore the possibility that con
stant neutral loss (C~JL) scans might offer another
approach to simplified and selective spectra of pep
tides. In this report the approach is evaluated with
peptides in the mass range currently most susceptible
to mass spectrometric sequencing and having a vari-

• This work was presented at the 37th ASMS Conference on Mass Spec
trometry and Allied Topics, Miami Beach, Florida, 1989.
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ety of structures. The loss of 28 u is monitored on a
double-focusing mass spectrometer using the scan law
B2(1 - E)/E2 = constant.

Experimental
Bradykinin, luteinizing hormone-releasing hormone
(LHRH), porcine renin substrate tetradecapeptide, and
thloglycerol were obtained from Sigma Chemical Co.
(St. Louis, MO). 3-Nitrobenzyl alcohol (NBA) was ob
tained from Aldrich Chemical Co. (Milwaukee, Wl).

Constant neutral loss scans and conventional (B2)
magnet scans were made on the first two sectors (EB)
of a JEOL (Tokyo, Japan) HX110lHX110 mass spec
trometer by using the JEOL FARgun and the lEOL DA
5000 data system. The CNL scans were measured of
decompositions induced by collisions in the first field
free region, by using helium as target gas at pressures
that attenuated the protonated molecular ion by 80%.

Tandem measurements were obtained by using all
four sectors (EBEB) on the JEOL HXll0lHX110 instru
ment. Product ions were scanned (B IE) on MS-2, fol
lowing mass selection of precursor ions by MS-1. In
these experiments helium was used for collisional ac
tivation between the two mass spectrometers, at pres
sure sufficient to attenuate the precursor ion beam by
80%. Accelerating voltage in MS-1 was 10 kV, and the
collision cell was floated at 4 kV.

For all three scanning modes, CNL, conventional
magnetic, and product ion scans in MS-2 following col
lisional activation, cation FAB spectra of the peptides
dissolved in 0.1% trifluoroacetic acid were measured
from both thioglycerol and NBA matrices. Three to six
scans were averaged for each spectrum.
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A computer program developed by David Heller
in the Middle Atlantic Mass Spectrometry Center was
used to predict fragment ions on the basis of each pep
tide's sequence.

Results and Discussion

Initially scans were recorded of cation spectra formed
by loss of 17, 18, 28, 45, and 46 u. In this study, scans of
the loss of 17 and 18 u provided similar patterns, and
111any matrix cluster ions vv"'ere found to undergo loss
of 17 andlor 18 u, With the peptides studied here, rel
atively few transitions were detected with loss of 44 or
46 u. The elimination of neutral fragments of mass 28
provided the most complete sequence series and was
selected for more detailed evaluation. The selectivity
provided by the CNL scans was evaluated using a set
of a-series ions [5] in the CNL spectrum of LHRH.

R, R, R, R2

I I + -co I + I
H N-CH-C-NH- CH-CO -----+ H 2N-CH-C-NH =CH

2 ~ !

For this experiment, these ions were considered to
be formed exclusively by loss of CO from b-series pre
cursors, that is, by the loss of 28 u (Scheme I). Scans
,were recorded for CNL 24-30 u. Similar spectra were
_obtained for CNL 27 and 28 u. and the a-series ions
Were also detected" weakly inCNL 26 u scans. These
fragment ions were not detected, however, in CNL

scans for 24, 25, 29, or 30 u. This window suggests
that CNL scans carried out with the combination of an
electrostatic and a magnetic sector may detect losses of
neutral fragments one or two mass units heavier than
that being scanned, but not lighter. Thus some of the
fragment ions recorded in CNL 28 u scans couid arise
from processes in which 29-u neutral fragments were
eliminated.

Scans of fragment ions formed by loss of 28 u in
the decompositions of LHRH, bradykinin, and renin
substrate are presented in Figures la, 2, and 3, re
spectively. The SIN ratio is generally good; however,
the contributions of signals from the matrix become in
creasingly noticeable below mlz 400. Scans for CNL 28
u from the two matrices used are presented in Figure
4. Molecular ion species are detected irt all the CNL
spectra, presumably without formation from heavier
precursors. Prominent peaks in all the spectra are an
notated with the fragment iorts to which they corre
spond, following the conventions of Johnson et al. [5].

In theory, decompositions involving loss of 28 (or
29) u could include b -:- a and. x + 1 ---. Y - 1, with
loss of CO; w --> x and d --> c, with loss of CZH4 ; and
v ---. x, with loss of CH3N, the latter three transforma
tions being precluded in certain amino acid residues.
When isoleucine is present (as in renin substrate), the
transformations z --> wand a --> d can occur by loss of
Cz~ from the side chain.

The spectra shown in Figures 1-3 and also that of
substance P show that a-series ions are detected with
the greatest frequency, completeness, and abundance,
with contributions from y - 1, x, d, w, and b ions,
in decreasing order of frequency. Among these, peaks
assigned as d, w, or b require special comment.
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Figure 1. Spectra of LHRH (pyroGlu-His 
Tr p -Ser- Tyr- G ly -Le u -Arg-Pro-Gly-NH,),
monoisotopic mass 1181.6 u, desorbed as cat
ions by FAB. (a) Prod uct ions formed by loss of
28 u and analyzed by the CNL scan [8' (1 
£) /£ ' 1. (b) Ions analyzed using a conven tional
magnet scan (B') . (e) Product ions fonned by
collisional activation in a four- sector experi
ment and analyzed by HIE scan in MS-2. 3
Nitro benzyl alcohol ma trix clus ter ions are
indicated by •
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Figure 1 presents the CNL, conventional (8 2 ) , and
product ion (8 IE in M5-2) scans of LHRH . The N
terminus amino group is cycIized as an amide, and
the carboxy terminus group is an amid e . This peptide
ha s strongly basic residues near both the N-terminus
(histidine) and the C-terminus (arginine), and ion se
ries are observed in the conventional and product ion

(four-sector) sp ectra [9] that incorporate residues from
both ends of the peptide. These a, b, c, x, Y. and z
series are further overlaid by v and w ions formed by
cleavages in amino acid side chains. The CNL 28 u
spectrum of LHRH contains fewer ions than the other
two, and the most abundant ions are a-series ions , en
compassing the series a2-a9 for th is de capeptide. The

Figure 2. Product ion s formed by losses of 28
u in th e fragm entation of brad ykin in (Arg-P ro
Pro-Gly-Ph e-5er-Pro-Phe-Ar g), monoisot opic
mass 10..';9.6 u, analyzed by CNL scan. Cations
were desorbed by FAB from an NBA matr ix.
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Figun 3. Product ions formed by 10 95 of 28 u in the
fragmentation of porcine renin substrate tetradecapep
tide (Asp .Arg-Val.Tyr-ne-His-Pro-Phe-His-Leu-Leu-VaI
Tyr-Ser), monoisotropic mass 1757.9 u, analyzed by G.TL
scan. Cations were desorbed by FAB from a thi oglycerol
matrix . Thioglycerol matrix cluster ions are indicated by
*

abundant bs ion is unusual . However, the occurrence
of glycine as residue 6 means that a, may be the pre 
cursor.

R, R,
I + -CH,N I

NH- CH - C- NH = CH 2 - NH - CH -C=O+
Ii
o

Arginine in position 8 probably carries the charge
that allows detection of members of the x series, X3-Xs

and ~ . Ions '4 and ~ are probably formed from Vs

and wI0 ions, respectively, since the alternate precur
sors Ws and V IO cannot be formed from glycine and py
roglutamate, respectively. Doubly charged [M + 2Hf+
ions detected in the conventional magnet scan tm]:
591) contribute ions at m iz 563 in the CNL scan by
loss of 56 and/or 57 u. Singly charged [MB - 561+ and

[MH - 57]+ ions are detected in the conventional scan
(Figure 1b) .

The CNL 28 u spectrum obtained from bradykinin
is presented in Figure 2. This nonapeptide carries an
arginine at each end, and sequence ions (a and y - 1
series) arc detected with comparable abundances from
both ends in the CNL 28 11 spectrum, the four-sector
product ion spectrum, and the conventional scan . The
conventional and four-sector product ion spectra both
contain [MH - 86]+ and [MH -100]+ ions formed by
cleavage in the arginine side chain. In the CNL 28 u
spectrum, ions <l.t - <Jj; and as are detected. Ions Y4 - 1
an d Y6 -1 through Ys -1 are also detected, consistent
with the presence of the precursor x + 1 series in the
conventional magnet scan. (The occurrence of p ralines
as the N-terminus residues in the Y7 - 1 and Ys - 1 ions
is accommodated by minor modification of the YH - 1
structure in the general scheme drawn abo ve) . Presum
ably the extra proton is carried on C-terminal arginine,
and· neutral CO is eliminated as a remote site [5, 10]
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fragmentation. Ions of masses 371, 555, 584, and 598
u are interpreted as pieces of an internal peptide frag
ment PPGFSP. Below m [z 250 the spectrum resembles
the NBA spectrum in Figure 4.

The CNL 28 spectrum of renin substrate is shown in
Figure 3 . Like the tandem spectrum and the conven
tional magnet scan, it is dominated by ion series that
include the arginine residue near the amino terminus.
In the conventional magnet scan, additional carboxy
terminus ions are present, and in the four-sector prod
uct ion scan a number of d ions are identified [9). In
the case of an unknown sample, the commonality of
the a series in the CNL 28 u and four-sector product
ion spectra might facilitate interpretation. Ions formed
by side-chain cleavage observed in the CNL 28 u and
four-sector product ion spectra differ and provide com
plementary information. Of particular interest in the
CNL 28 u spectrum is the contribution of isoleucine
(residue 5). The Loss of C2~ from the side chain has
been remarked by both Johnson et aI. [11) and Carr et
a1. [12) and here contributes ds, rl;;" cisl , WlO, and W11I

ions. The clarity of this spectrum of a 1750-u peptide
augurs well for the use of CNL scanning through the
mass range to 2000 u .

Conclusions

The CNL spectra recorded in this study generally have
SIN ratios superior to those of conventional maznet
B2 scans but ~ot as favorable as those in production
(B IE) scans in MS-2 following collisional activation in
th e four-sector instrument, Often the CNL scans con
tain fewer fragment ions than the four-sector product
ion spectra. Fewer side-chain cleavages are detected,
and the ion series found (a versus x and y - 1) reflect
the positions of basic amino acids in the chain. Theory
predicts and experiments confirm that ions detected
in the C1\.TL 28 u spectra have only a limited number

of origins. The ions most often detected in this man
ner in the present study were series a sequence ions.
In the fortuitous case , these can provide the entire se
quence. In the more general case, the CNL 28 U spec
trum can be used as a reading frame to recognize, by
either omission or coincidence, ion series in product
ion spectra produced by collisional activation in tan
dem mass spectrometry experiments.
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