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Fixed-charge derivatives have been used to direct the fragmentation pattern of high energy 
collision-induced dissociation tandem mass spectra for several years. It has been noted that a 
fixed-charge placed at a terminus of a peptide will simplify the pattern of fragment ions that 
are produced in collision-induced dissociation. Trimethylammoniumacetyl, dimethyloc- 
tylammoniumacetyl, and triphenylphosphoniumethyl derivatives have been cited in the 
literature for this purpose and many other structures are possible. This work compares the 
cited derivatives as well as some new structures. The criteria used include the ease of 
synthesis and purification of the derivatized peptide and the effects of the derivative on the 
peptide sequence fragment ion yield and ionization efficiency. The trimethylammonium- 
acetyl derivative is concluded to be the most practical for general use, whereas the dimeth- 
yloctylammoniumacetyl derivative is found to be desirable for use with hydrophilic pep- 
tides. (J Am Sot MRSS Spectrom 1995, 6, 428-436) 

I t has been observed that the most readily inter- 
pretable high energy collision-induced dissociation 
(CID) spectra are those with a single arginine lo- 

cated at or near a terminus of the peptide [l, 21. 
Because the arginine residue strongly favors protona- 
tion, the fragment ions are produced by charge-remote 
fragmentation [l, 3-51, which results in predominantly 
a,, and d,, ions for peptides with an N-terminal argi- 
nine and u,, and w, ions for those with a C-terminal 
arginine. The pattern of fragment ions is thus simpli- 
fied because only two ion series are produced, and 
these ion series are observed to be complete in most 
cases. However, a peptide with the less basic lysine in 
its terminal position will produce both N- and C- 
terminal ions of several types. For example, the CID 
spectrum of the peptide VHLTPVEK contains the fol- 
lowing ions: al, b,, d,, ax, b,, car b4, as, b,, d,, a7, and 
y4r wa5t 25, y5, 7% x6, x7, OS, wSt zg id- The resdt is a 
spectrum that is less coherent than one with a terminal 
arginine. Coherent spectra are the most likely to be 
interpretable in cases where the signal-to-noise ratio is 
low. 

The effect of an arginine residue can be mimicked 
by derivatizing the terminal residue with a fixed posi- 
tive charge-carrying molecule. To date, quatemary am- 
monium [l, 2,7-91 and phosphonium 1101 groups have 
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been used to derivatize peptide termini. The deriva- 
tized peptide is desorbed as a fixed-charge cation rather 
than as an [M + HI+ with a potentially mobile proton. 
All product ions are in theory produced by charge- 
remote fragmentation directed by the fixed-charge 
group [3]. The product ions are predominantly R,, and 
d,, for N-terminal fixed-charge derivatives and v,, and 
w,, ions for C-terminal derivatives [l, 21. One of the 
benefits of this derivatization is that the d,, and w,, 
ions produced are useful in differentiating between 
leucine and isoleucine. 

To date, no comparison of charged derivatives for 
CID spectra has been published. Such a comparison is 
the purpose of this paper. The present work has been 
limited to N-terminal derivatives because it is difficult 
to prepare C-terminal derivatives without simultane- 
ous alkylation of the carboxyl group of the side chains 
of aspartic and glutamic acid. Under proper pH con- 
trol, specific N-terminal derivatization can be accom- 
plished without also modifying the e-amino groups of 
lysine 171. 

A useful N-terminal charged derivative must have 
several characteristics. 

1. 

2. 

The fragment ions must be dominated by a, and d, 
ions with *few gaps, if any, in the product ion 
pattern. 
The derivatized peptide must not lose the charged 
moiety as a neutral fragment to an appreciable 
extent because fragment ions that lack the deriva- 
tive moiety would complicate the interpretation of 
the spectrum. 
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3. Derivatization must not adversely affect the ioniza- 
tion efficiency of the peptide. 

4. The synthetic step must proceed rapidly and be 
specific for the N terminus. 

Because the major purpose of this work was the assess- 
ment of the various N-terminal derivatives to define 
which one has the best mass spectrometric characteris- 
tics, the question of yield and applicability to the 
picomole level has been deferred. Thus, all the reac- 
tions were carried out on relatively large samples (50 
nmol) to produce measurable amounts of each deriva- 
tive and to avoid that low chemical yield be mistaken 
for low ionization efficiency. As it turns out, the mass 
spectrometrically most useful derivative is the one that 
carries the trimethylammoniumacetyl (TMAA) group 
at the N terminus. It has already been shown that this 
derivative can be prepared at the 50-lOO-pmol level 
[Ill. 

Materials and Methods 
Peptides were purchased from Sigma Chemical Co. (St. 
Louis, MO). Dimethyloctylamine, methyl iodide, pyri- 
dine, pyridine-Cacetic acid, pyridine-3-acetic acid, dry 
tetrahydrofuran (THF), and trimethylamine (25-wt % 
aqueous solution) were purchased from Aldrich Chem- 
ical Co. (Milwaukee, WI); acetic acid, raminobutyric 
acid, ammonium bicarbonate, 1-ethyl-3-(dimethyl- 
arninopropyl)carbodiimide hydrochloride (EDC), iodo- 
acetic anhydride, and 2-( N-morpholino)ethanesulfonic 
acid buffer from Sigma Chemical Co.; 2,4,6-trimethyl- 
pyrilium tetrafluoroborate from Alfa Products (Ward 
Hill, MA); vinyltriphenylphosphonium bromide from 
Lancaster Synthesis Inc. (Windham, NH); glass-dis- 
tilled ethylacetate from EM Science (Gibbstown, NJ); 
analytical grade chloroform from Mallinkrodt Spe- 
cialty Chemicals Co. (Paris, KY); high-performance liq- 
uid chromatography (HPLC) grade acetonitrile from 
J.T. Baker Inc. (Philipsburg, NJ); dimethylsulfoxide 
(DMSO) from Pierce Chemical Co. (Rockford, IL), and 
anhydrous glycerol and thioglycerol from Fluka 
Chernika-Biochemika (Ronkonkoma, NY). All peptides 
and chemicals were used without further purification. 

Preparation of Derivatives 
The derivatives (see Figure 1) were prepared in accor- 
dance with published procedures or variations thereof. 
A relatively large amount of peptide (50 run011 was 
used so that sufficient peptide derivative was available 
for the various experiments and comparisons. 

Triphenylphosphoniummethyl (TPPE) Derivatives. The 
published method of derivatization was used: substi- 
tution of vinyltriphenylphosphonium bromide for 2- 
bromoethyltriphenylphonium bromide [lo]. The 
derivatized peptides were desalted on a short re- 
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Figure 1. Structures of the fixed-charge derivatives studied. 

versed-phase (RF’) HPLC column by using a gradient 
of water and acetonitrile with trifluoroacetic acid (TFA). 
The eluted fraction was dried by a centrifugal evapora- 
tor and dissolved in water on the day the data were 
acquired. 

Trimethylammoniumacetyl (TMAA), dimethyloctylammoni- 
umacetyl (DMOAA), and pyridiniumacetyl (PyrA) deriva- 
tives. Peptides were first N-terminally iodoacetylated 
via an adapted literature procedure J.71. As mentioned 
before, this method has been used previously to pre- 
pare derivatives at the 50-100-pmol level 1111. Unlike 
the vapor phase procedures [2], derivatization in the 
liquid phase allows pH control for selective modifica- 
tion of the N terminus in the presence of lysine [7]. 
Furthermore, the vapor phase method lends itself only 
to the derivatization of very small amounts of mate- 
rial, which can be deposited as a very thin layer. This 
makes it difficult to completely react a complex rnix- 
ture such as an unfractionated complete enzymatic 
hydrolyzate of a protein in a single experiment. 

For the purpose of this work, the peptide (50 run01 
used to prepare the derivatives for the spectra shown 
in Figures 2 and 3; 10 run01 to acquire the data com- 
piled in Figure 4) was dissolved in 250-PL aqueous 
0.1-M sodium acetate-acetic acid buffer (pH $.O):aceto- 
nitrile 1:l and then placed into a conical polypropylene 
tube, under argon, with a magnetic stirring vane. The 
solution was chilled on ice and iodoacetic anhydride 
(0.4 M in dry THE; total of 10% by volume) was added 



430 ZAlA AND BIEhdANN 

a 

,w 200 MO 400 500 ml 700 wo 900 Iwo 11w 1200 1300 

m/z 

1W 200 300 400 MO Eel 700 600 900 lwo 1lW 1200 

m/z 

z 

100 2w 200 4w so0 SW 7w so0 904 low 1lW 12w 

m/z 

J Am Sot Mass Spectrom 1995,6,428-436 

f 

IW 200 300 400 500 6cfl 700 Km 900 Iwo 1100 12w 

m/2 

1w 2w xl0 400 500 600 700 so0 9w loo0 1 

4 

Figure 2. N-terminal charged derivatives of the peptide DRVYIHPF: (a) TPPE-DRVYIHPF, 
[Ml+ = m/z 1334.1; (b) TMAA-DRVYIHPF, [M] + = m/t 1145.1; (c) DMOAA-DRVYIHI’F [M] + = m/t 
1243.6; Cd) PyrA-DRVYIHPF, [Ml+= m/z 1165.7 (the relative abundance of the yf* ion is 0.012; 
those of the ions denoted ** 
4NMI’A-DRVYIHPF, [M]+ = 

are 0.209 and 0.037, respectively, with increasing m/z); (e) 
m/z 1179.4; tf) BNMPA-DRVYIHPF, [Ml+= m/z 1179.3; (g) 

TMI’B-DRVYIHPF, [Ml+= m/z 1235.2 (the relative abundance of the ub ion is 0.021; that of the ion 
denoted ** is 0.061). Ions marked with an asterisk contain only the derivative moiety; those marked 
with a double asterisk have lost part or aIJ of the derivative as a neutral fragment. 
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Figure 3. N-terminal charged derivatives of peptides that lack arginine: (a) TPPE-EGVYVHPV, 
[Ml+ = m/z 1187.5; (b) TMAA-EGVYVHPV, [Ml+= m/z 998.6; (c) DMOAA-EGVYVHPV, [Ml+= 
m/z 1096.5; (d) PyrA-EGVYVHPV, [Ml+= m/z 1017.7; (e) 4-NMpA-sQNyplV, [Ml+= m/z 953.3; 
(f) 3-NMl’A-SQNYl’lV, [Ml+= ?n/z 953.0; (g) TMPB-VHLTPVEK, E and K side chains cycliied 
[Ml+ = m/z 1093.1. Ions marked with an asterisk contain only the derivative moiety; those marked 
with a double asterisk have lost part or all of the derivative as a neutral fragment. 
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Figure 4. Ratio of abundances of derivatiized and underivatized peptides. The peptides used were 
substance P (RPKPQQFFGLM-NHZ) (9’) and renin inhibitor U’HPFHFFNYK) (RI). 

via a syringe through the lid of the polypropylene tube 
in small aliquots over a 30-min period. The TMAA, 
DMOAA, and PyrA derivatives were synthesized by 
adjusting the pH of the iodoacetylated peptide to 8.5 
with ammonium bicarbonate and adding 0.25% by 
volume of the appropriate nucleophile (trimethyl- 
amine, dimethyloctylamine, or pyridine, respectively). 
The mixture was incubated at 37 “C for 1 h, acidified 
with acetic acid (1% by volume), desalted on a RP- 
HPLC column, and dried by a centrifugal evaporator. 
Tetrahydrothiophene can be used as the nucleophile in 
the last step to synthesize tetrahydrothiophenium 
derivatives by the same procedure. 

N-methyl-4-pyridiniumacetyl f4-NMPA) deriva- 
tives. Peptide (50 nmol; 1 nmol/pL, H,O) was mixed 
with 50-PL pyridine+acetic acid (1 M, H,O), to which 
solution was added 50-FL EDC (0.4 M, H,O). The 
solution was adjusted to pH 4.0 with 1-M NaOH. The 
reaction proceeded for 2 h at room temperature. The 
solution was dried in a centrifugal evaporator and 
redissolved in 200~PL DMSO. Methyliodide (5 PL) 
was added and the solution was incubated under 
argon overnight at 37 “C in the dark. The solution was 
extracted with ethylacetate followed by chloroform 
and reduced to a volume of N 30 /.LL in a centrifugal 
evaporator. The solution was diluted with 200-/JL 50% 
acetic acid, filtered, desalted by using a short RI’-HPLC 
column, and dried in a centrifugal evaporator. The 
sample was dissolved in water on the day the mass 
spectra were acquired. The yield was low but sufficient 
for the acquisition of CID tandem mass spectra. 

N-methyl-3-pyridiniumacetyl (3-NMPA) derivatives. The 
procedure was essentially the same as for 4-NMPA, 
but pyridine-3-acetic acid was used as the reagent. 

Trimethylpyridiniumbutyl (TMPB) derivatives. A pub- 
lished method was adapted for the synthesis of the 
derivatization reagent [12]. y-Aminobutyric acid (1.0 X 
10e3 mol) and 2,4,6+rimethylpyrilium tetrafluorobo- 
rate (1.5 x 10m3 mol) were mixed with 5-mL H,O. The 
pH of the mixture was adjusted to 9.0 by dropwise 
addition of 1-N NaOH. The reaction was allowed to 
proceed for 48 h at room temperature, adjusting the 
pH to 9.0 with 1-N NaOH as needed. The resulting 
solution was acidified with acetic acid and used to 
derivatize peptides. 

The peptide (50 nmol; 1 nmol/pL in H,O) was 
mixed with 50-PL dry THF, 50-FL of the solution, and 
30-PL 1% HCl, to which was added 50-PL 1-M EDC 
(final pH 4.5). The reaction proceeded for 2 h at room 
temperature, after which time the solution was ex- 
tracted with ether. The volume of the solution was 
reduced by half by using a centrifugal evaporator. The 
solution was filtered, desalted on a short RI’-I-IPLC 
column, and dried. The fraction was dissolved in wa- 
ter on the day mass spectra were acquired. The yield 
of TMI’B-derivatized peptides was low but sufficient 
for determination of CID characteristics of these 
derivatives. 

Fast-Atom Bombardment Mass Spectrometry 

Fast-atom bombardment mass spectrometry (FAB-MS) 
of peptides, dissolved in glycerol or thioglycerol, was 
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carried out in the first (MS-11 of two mass spectrome- 
ters of a tandem high resolution mass spectrometer 
(JEOL HXllO/HXllO; JEOL, Tokyo, Japan) at an accel- 
erating voltage of 10 kV and a mass resolution of 
1:2600 (10% valley). Single scans were acquired at a 
scan rate from m/z 0 to m/z 6000 in 1 min (corre- 
sponding to 0.8 mm for m/z 200-2000). For calibra- 
tion, (CsI),,Cs+ cluster ions were used. The JEOL Cs+ 
ion gun was operated at 26 kV. Mass spectra were 
acquired with a JEOL DA5000/6000 data system run- 
ning on a DEC PDP 11/73 computer (Digital Equip- 
ment Corp., Maynard, MA). 

Tandem Mass Spectrometry 
Tandem mass spectrometry was carried out by using 
all four sectors of the JEOL HXllO/HXllO, an instru- 
ment of E,B,E,B, configuration. CID of protonated 
peptide molecules, selected by MS-l, took place in the 
field-free region after B,; thus both MS-l and MS-2 
were operated as double-focusing instruments. The 
collision cell potential was held at 3.0 kV; therefore, 
the ion collision energies were at 7.0 keV. The collision 
gas (helium) was introduced into the collision chamber 
at a pressure sufficient to reduce the precursor ion 
signal by 65-70%. The CID mass spectra were recorded 
with lOO-Hz filtering, scanning from m/z 50 to m/z 
1950 in 1 min. MS-1 was operated at a resolution 
adjusted so that only the ‘*C species of the protonated 
peptide molecule to be analyzed was transmitted. MS-2 
was operated at a resolution of l:lOOO, and was cali- 
brated with a mixture of CsI, NaI, KI, RbI, and LiCl 
u31. 

Results and Discussion 
The structures of the charged groups attached to the 
N-terminal amino acid of the peptides studied are 
shown in Figure 1 [14]. The TMAA, DMOAA [2], and 
TPPE [lo] derivatives have been described previously. 
The TMPB derivative is a modification of a lysine 
specific derivative used in earlier work in this labora- 
tory [l]. The 4-NMPA and 3-NMPA derivatives have 
not been used before and the PyrA is a structure 
related to the aliphatic quaternary ammonium deriva- 
tives. It should be pointed out that the positive 
“molecular” ion observed in the FAB spectrum of the 
salt consisting of a quaternary ammonium ion and an 
anion is the cation itself. For the purpose of simplicity, 
this precursor ion will be denoted [Ml+ in the follow- 
ing text and in the figures. 

General Characteristics of the Charged Derivatives 

the peptide DRVYIHPF modified at its N-terminal 
amino group with the substituents shown in Figure 1. 
This peptide illustrates clearly that arginine seems to 
be able to abstract a proton for the charged moiety and 
eliminate part or all of it as a neutral fragment. This 
produces additional ions that may render the interpre- 
tation of the spectrum more difficult. The extent of this 
elimination depends on the nature of the derivative. 
Figure 3 shows the effect of charged derivatization on 
peptides that lack arginine. Figure 2 exhibits the CID 
spectra of the same peptide, DRVYII-IPF, modified by 
all of the substituents shown in Figure 1, whereas 
Figure 3 illustrates the spectra of the derivatives of 
peptides that do not contain arginine. The spectra are 
plotted with a single magnification factor so as to keep 
most peptide fragment ions on scale. Ions marked with 
an asterisk contain only the derivative moiety; those 
marked with a double asterisk have lost part.or all of 
the derivative as a neutral fragment. 

To provide a realistic display that demonstrates the 
relative contribution of ion current carried by the frag- 
ments related to the quatemary substituent (or its loss 
from the precursor ion) compared to that of the se- 
quence characteristic fragment ions, all spectra are 
plotted in such a way that the major fragment ion, 
whatever its source, is at or near full scale (exceptions 
are indicated in the figure legends). 

The CID spectra of (TPPE)-DRVYIHPF and 
-EGVYVHPV (angiotensin II antipeptide) are shown in 
Figures 2a and 3a, respectively. These spectra are dorn- 
mated by ions at m/z 262, 277, and 289 (labeled with 
asterisks), which are solely produced from the deriva- 
tive moiety and thus contain no sequence information. 
The peptide fragment ions are of rather low relative 
abundance in both spectra, although this appearance is 
deceiving as will be shown in the discussion of frag- 
ment ion yield. The signal-to-noise ratio is, however, 
very high, and magnification of the Y axis clearly 
reveals a complete series of a,, and d,, ions. 

The CID spectra of (TMAA)-DRVYIHPF and 
-EGVYVHPV are shown in Figures 2b and 3b, respec- 
tively. The low mass ions produced from the derivatiz- 
ing group (m/z 58, 100, and 1171 are quite low in 
abundance and the expected II, and d, ions are ob- 
served. Ions at [M - 59]+ and [M - 73]+ (**I are 
observed in the spectrum of (TMAA>DRVYIHPF as 
well as other arginine-containing peptides [6] and are 
absent for peptides that lack arginine (for example, 
Figure 3b). The elimination of part or all of the deriva- 
tive moiety as a neutral fragment for TMAA as well as 
DMOAA and PyrA derivatives is believed to be caused 
by the arginine side chain, either by extraction of a 
proton or by direct displacement, similar to the mecha- 
nism shown in Scheme I, which will be described in 
the next paragraph. These ions are not sufficiently 
abundant to detract from the quality of the spectrum. 
The same peptides derivatized with DMOAA (Figures 
2c and 3c) and PyrA (Figures 2d and 3d) exhibit 
similar fragmentation patterns, although the ions pro 

In the course of this work, six peptides were used to 
test the effects of each modifying group. It was ob- 
served in each case that the most important factor that 
affects the CID spectrum for a given derivative was 
the presence of arginine. Accordingly, Figure 2 shows 
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The spectra of TMPB-derivatized DRVYIHFF and 
VHLTWEK are shown in Figures 2g and 3g, respec- 
tively. The ions produced from the derivative moiety 
(m/z 121, 135, 148, and 162, labeled with an asterisk) 
are of lower relative abundance compared to those of 
the other derivatives. The expected u, and d, ions are 
observed for both TMPB peptides. It is notable, in 
Figure 3g, that as would be expected the cs ion is 
observed to precede a threonine residue [ 151. All ions 
marked with a double asterisk in Figures 2g and 3g 
have lost trimethylpyridine as a neutral moiety (121 u). 
These ions are observed for many of the TMPB- 
derivatized peptides and increasingly complicate these 
spectra. The abundant ion at m/z 397 (marked with an 
asterisk) in the spectrum of TMl?B-DRVYIHPF (Figure 
2g) is characteristic of this derivative in the presence of 
arginine. 

Scheme I. Mechanisms for the formation of [M - 107]+ and 
[M - 1331 + ions from CNMPA derivatized precursor ions. 

Efict of Charged Deriva tiza tion on Frugrnen t 
lon Yield 

duced from the derivative moiety at low and high 
mass are somewhat more abundant than those ob- 
served for the TMAA derivative. The UT* and a:* ions 
in Figure 2d have lost part of the derivative moiety, 
and the yg* and xf* ions correspond to fragments 
that have lost the derivatizing moiety. 

The CNMPA derivative produces ions due to frag- 
mentation of derivative-peptide bonds that are very 
abundant relative to the peptide fragment ions as 
shown for DRVYII-IPF and SQNYPIV in Figures 2e and 
3e, respectively. The former spectrum shows abundant 
[M - 107]+ and [M - 133]+ ions, which are absent in 
the spectrum of the latter. It is believed that these 
losses are produced when arginine extracts a proton, 
which eliminates the derivative moiety as shown in 
Scheme I. Also present in Figure 2e are N-terminal 
ions that lack the derivative moiety that corresponds to 
d** , a:*, bT*, dz*, and a:* (in low abundance and 
ierefore not labeled) presumably produced from the 
[M - 1331+ ion. The 3-NMPA-DRVYIHPF derivative, 
in contrast, produces more abundant peptide fragmen- 
tation and less abundant [M - 107]+ and [M - 1331+ 
ions, as shown in Figure 2f. The spectrum of 3- 
NMPA-SQNYPIV (Figure 30 shows that the ions of 
m/z 107 and 134 produced from the derivative are less 
abundant relative to the peptide fragment ions than 
observed for the 4NMPA derivative of the same pep- 
tide (Figure 3e). It would therefore appear that elimi- 
nation of the derivative is less favored for the 3-NMPA 
derivative than for 4NMFA. A possible explanation is 
that the pyridinium nitrogen is para to the acetyl 
linkage in the 4NMPA and meta in the 3-NMl?A 
derivative. The former is able to transfer charge via 
resonance to the peptide, which allows the derivative 
moiety to leave as a neutral; the latter cannot transfer 
charge via resonance, which necessitates its elirnina- 
tion as a zwitterion, evidently a less favored process. 

According to the literature, TMAA [2, 111 and TPPE 
[lo] are the two most frequently used fixed-charge 
derivatives for peptides, although their spectra are 
quite different in appearance. The TMAA derivative 
produces ions of very low abundance from the loss of 
the derivative moiety relative to the peptide fragment 
ions, whereas those from TPPE are quite high in rela- 
tive abundance. To directly compare the effects these 
derivatives have on the quality of the CID spectra, the 
peptide fragment ion yields for derivatized versus 
underivatized peptides were measured for the pep- 
tides EGVYVHW and SQNYPIV by using the TMAA 
and TPPE derivatives. The yield was determined by 
normalizing the peptide sequence fragment ion abun- 
dances to the precursor ion abundance (average taken 
before and after the CID spectrum was acquired) and 
averaging the normalized abundances. The results are 
shown in Table 1 for measurements made on three 
separate days. The peptide fragment ion yield is clearly 
improved relative to the underivatized analog for these 
two peptides by the use of either charged derivative. It 

Table 1. Efficiency of peptide sequence fragment ion 
formation for derivatized and underivatized peptides 

Fragment Ion Yieldsa 

Peptide Unalkylated TMAA TPPE 

EGVYVHPV Day 1 1.89 4.72 2.40 

Day 2 0.87 3.47 7.96 
Day 3 1.67 5.28 8.60 

SQNYPIV Day 1 1.68 2.84 2.40 

Day 2 2.56 2.04 4.52 
Day 3 2.14 4.57 5.57 

‘The peptide sequence fragment ion abundances were normal- 
ized to the abundance of the precursor ion measured at the detec- 
tor situated after MS-l (average taken before and after the CID 
scan). The normalized abundances were averaged, excluding im- 
monium ions and ions produced from amino acid side chain losses, 
to give the values shown. 
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is not clear, however, from these data which derivative 
produces the higher yield of peptide fragment ions. It 
can be concluded, however, that the high abundance 
ions produced from the TPPE derivative moiety do not 
adversely affect the yield of peptide sequence product 
ions. Therefore, given the same precursor ion abun- 
dance, peptides derivatized with either of the deriva- 
tives tested should yield peptide sequence fragment 
ions of approximately the same abundance. 

Ease of Deriva tiza tion 
The synthesis of the 3-NMPA, 4NMPA, and TMPB 
derivatives is accomplished by the use of EDC cou- 
pling. This method has not been found to produce 
sufficiently high yields for general use. The TMAA, 
DMOAA, and PyrA derivatives are synthesized by 
treatment of the N-terminal iodoacetylated peptide 
with the appropriate nucleophile. The iodoacetylation 
occurs in 80-90% yield and is specific for the N 
terminus even in the presence of lysine 17,111 for pure 
peptides. Reaction with the nucleophile also proceeds 
in high yield. It is important to remove excess reagents 
from the peptide to avoid adverse effects on the ion- 
ization efficiency of the derivatized peptide. This re- 
moval can be accomplished with a rapid desalting step 
for trimethylamine and pyridine (by using a short 
reversed-phase cartridge and a single step elution), 
although the more hydrophobic dimethyloctylamine is 
best removed by using a more time-consuming 
reversed-phase gradient. The TPPE reagent was found 
to produce several by-products that are retained on the 
HPLC column and that co-elute with some derivatized 
peptides when a reversed-phase gradient fractionation 
is used. The ionization efficiency of some TPPE-de- 
rivatized peptides was found to be quite poor relative 
to the underivatized peptide, possibly because of sup- 
pression by the co-eluting reagent. Also, the synthetic 
step for TPPE, which requires incubation at pH 9 [lo], 
leads to reaction with the .+amino group of lysine in 
addition to the N terminus. 
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Efict of Derivutizution on lonizution Eficiency 

The synthesis and/or fragment ion problems dis- 
cussed in the foregoing text effectively eliminate all 
but the TMAA, DMOAA, and PyrA derivatives from 
practical consideration. An experiment was thus con- 
ducted to determine the changes in ionization effi- 
ciency caused by derivatization with each of the three 
derivatives. This experiment involved the acquisition 
of data on a mixture of equimolar amounts of a deriva- 
tized and an underivatized peptide in the normal 
FAB-MS mode. The ratios of the abundances of the 
derivatized relative to the underivatized peptides are 
plotted in Figure 4. The two peptides used were sub- 
stance P WXIQQFFGLM-NH,) and human renin in- 
hibitor (PHPFHFFFVYK 1. The results show that the 
DMOAA derivative ionizes most efficiently among the 
three derivatives tested. The PyrA derivative has a 
negative effect on ionization efficiency relative to the 
underivatized peptide and the effect of TMAA deriva- 
tization is close to neutral. This conclusion supports 
that of another study [HI. 

To better compare their performance, these three 
derivatives were prepared for a variety of peptides. 
Table 2 summarizes the results, which indicate the 
presence of high mass ions produced from loss of the 
neutral derivative moiety for each derivative-peptide 
combination. The results show that TMAA and PyrA 
produce these high mass ions in the presence of argi- 
nine only. The DMOAA derivative produces these ions 
for all arginine- and some lysine-containing peptides. 
In addition, DMOAA loses its octyl chain to produce 
an [M - 113]+ ion in nearly all spectra. The conserva- 
tive choice for a derivative for the sequencing of pep- 
tides of unknown structure is thus the TMAA group. 
This derivative produces the desired a, and d, ions, 
whereas the ions from the derivative moiety are of 
minimal abundance. 

From these examples, it can be concluded that com- 
plete or nearly complete sequence information can be 
deduced from the CID spectrum of a TMAA-deriva- 
tized peptide provided that there is sufficient precur- 

Table 2. High mass ions that result from the loss of a neutral fragment observed in the CID 
spectra of peptides derivatized with TMAA, DMOAA, and PyrA, respectively 

TMAA DMOAA PyrA 

Peptide [M - 591+ [M - 731+ [M-1131+ [M - 1571+ [M-1711+ [M - 791+ [M - 931+ 

RYLGYLE . . . . . . . 
DRVYIHPF . . . . . . . 
PVQVR . . . . . . 
HLGLAR . . . . . . . 
KFIGLM . . . 
AKFDKFYGLM . 
VHLTPVEK . 
EGVYVHPV . . 
SQNYPIV . 
YGGFL . 
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SOT ion current. The synthetic step, which followed a 
published method [7], has been found to work in high 
yield @O-90%) while it alkylates only the N terminus 
of pure peptides. 

Finally, it should be noted that the CID spectra of 
the same peptide carrying a fixed positive charge em- 
bedded in a different structure, as one may expect, 
exhibit essentially the same sequence-specific peptide 
ions (compare Figures 2a-g, 3a-d, and 3e and f). The 
main difference is their relative abundance in compari- 
son to that of the fragment ions due to the derivative 
moiety. To make the relative contributions of these 
(undesirable) ions clearer, the spectra were plotted in 
such a way that the major ions are still on scale. 

efficiency, which makes it a possible choice for pep- 
tides that ionize poorly, although a reversed-phase 
gradient fractionation is necessary to remove dimeth- 
yloctylamine from the peptide. The PyrA derivative 
produces a fragment ion profile similar to that of 
TMAA, although it has a negative effect on ionization 
efficiency. 
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