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Does a Charge Tag Really Provide a Fixed Charge?** 
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In biomolecule mass spectrometry, peptides are usually 
ionized by an acidic solvent or matrix. It is generally accepted 
that the mobilization of attached protons weakens backbone 
bonds and facilitates peptide fragmentation.[1] While this is 
often advantageous, it can lead to a multiplicity of fragment 
ions (both N-terminal an, bn and C-terminal yn ions). 
Formation of too many types of fragment ions can overly 
complicate spectra. Although very basic arginines tend to 
sequester protons and to some extent simplify spectra, charge 
tags, small molecules containing a permanent charge (for 
example, a quaternary ammonium ion), have been proposed 
as an even better solution to the problem.[2] Charge-tagged 
peptides have a localized positive charge that is assumed to be 
absolutely fixed. Therefore, in MS/MS experiments, only N-
terminal or C-terminal fragment ions should be formed 
through charge-remote mechanisms[3] depending on the 
position of the tag. Such a simplified series of contiguous 
fragment ions would provide complete sequencing informa-
tion and would be ideal for spectral interpretation. Sensitivity 
should also be greatly improved after derivatization, since 
charge-tagged peptides are already ionized and need not be 
protonated. However, the lack of a mobile proton may reduce 
fragmentation efficiency which would be a potential disad-
vantage. Most of the charge tags that have been developed 
label the N-terminus. Two popular examples are trimethyl-
ammonium butyric acid[4] (TMAB) and tris(2,4,6-trimethoxy-
phenyl) phosphonium acetic acid[5] (TMPP-Ac). 

Herein, we introduce a (4-trimethylammoniumbutyryl 
(TMAB)) positive charge onto the N-terminus of several 
peptides. It has been reported that this modification improves 
peptide detection sensitivity, and leads to the production of N-
terminal fragment ions in MALDI-PSD mass spectra.[6] 

However, we now demonstrate that the positive charge does 
not always remain fixed at the N-terminus of the peptide. 

Figure 1a is the ESI mass spectrum of charge-tagged 
Fibrinopeptide A. The presence of only a single peak 
associated with the doubly charged, derivatized peptide 
(from the charge tag and one proton) indicates that the 
reaction between the labeling reagent (TMAB-NHS; NHS = 
N-hydroxysuccinimide) and peptides was complete. 

Singly-charged ions associated with Fibrinopeptide A 
(ADSGEGDFLAEGGGVR) and its derivative were iso-
lated and fragmented in a MALDI TOF/TOF apparatus. 
Results are shown in Figure 1b and 1c. As anticipated, yn ions 
are the dominant features in Figure 1b because of the 
presence of C-terminal arginine residue. We had expected 
to observe N-terminal fragment ions from the TMAB-
derivatized peptide, but the spectrum is surprisingly more 
complex (Figure 1c). In this case, Bn represents a TMAB-
labeled b ion (Bn = bn + 127). An* and Bn* represent An and 
Bn ions that have lost trimethylamine (An* = An59 and 
Bn * = Bn59). Hines et al.[7] as well as Che and Fricker.[6b] 

have observed the loss of trimethylamine from this charge tag. 
Remarkably, although the charge is supposed to be N-
terminal, signals from immonium ions,[8] y ions and even 
some ions 14 Da heavier than regular y ions (y + 14 ions) were 
still observed in the spectrum. These ions must be protonated, 
despite there being no mobile proton in the charge-tagged 
peptide. Observation of y + 14 ions is particularly remarkable. 
We observed similar results with derivatized peptides 
GSFGSAIR and FVDGSIR, indicating that these charge-
tagged peptides routinely undergo unexpected complex 
fragmentation processes. 

Figure 1. a) ESI-MS spectrum of doubly charged labeled Fibrinopepti-
de A (TMAB-ADSGEGDFLAEGGGVR), m/z 833.09 Da; MALDI-TOF/ 
TOF CID (1 kV) and spectra of singly charged b) Fibrinopeptide A and  
c) the TMAB derivative. See text for details. 
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To explain all of these unusual results, we propose that 
during the collisional dissociation process, decomposition of 
this charge tag is initiated by an electron pair on the nearby 
oxygen (Figure 2a) or nitrogen (Figure 2 b) atom, releasing a 
neutral trimethylamine (loss of 59 Da). In either case, a cyclic 
structure would be generated, neutral trimethylamine elim-

inated and the peptide@s N-terminal nitrogen center proton-
ated. What is particularly significant about this process is that 
the proton on the nitrogen should now be mobile. 

To understand the relative stabilities of the two species, 
theoretical studies were performed using density functional 
theory (DFT) with the standard B3LYP hybrid functional.[9] 

We utilized the 6-31G(d,p) basis set[10] (containing d-type 
polarization functions on C, N, and O, and p-polarization 
functions on H) to optimize the molecular geometries and 
obtain relative energies. Both structures were confirmed to be 
local minima by a vibrational analysis. The structure shown in 
Figure 2a is calculated to be more stable than the one in 
Figure 2b by 13 kcal mol1 . To confirm the DFT results, 
additional geometry optimizations were carried out at the 
MP2/6-31G(d,p) level.[10] Again, the same energy ordering 
was obtained, though the energy difference was computed to 
be smaller (6 kcalmol1). All calculations were performed 
with the Gaussian-03 program suite.[11] 

If either of the protonated structures shown in Figure 2 
were formed, the appearance of y ions in the spectrum of the 
TMAB-derivatized peptide would be understandable. A 
mobile proton presumably would move to an arginine residue 
if one was present, where it would become sequestered. The 
subsequent fragmentation would follow a charge-remote 
mechanism and some y ions would be formed. 

The series of y + 14 ions must be formed by another 
fragmentation process. To investigate their origin and struc-
tures, y9 (FLAEGGGVR) and y9 + 14 ions generated from 
the CID fragmentation of labeled Fibrinopeptide A were 
isolated in the LTQ ion trap. These ions were collisionally 
dissociated and the resulting spectra are displayed in Fig-
ure 3a and b. The two spectra appear very similar, except for 

the 14 Da shift of the y ions. More importantly, the b8 ions and 
b8H2O ions are unshifted. These observations imply that the 
14 Da mass increment is associated with the C-terminal 
arginine residue. A 14 Da mass increment would be expected 
if the proton were replaced by a methyl cation. It has already 
been demonstrated that the N1C2 bond in the tag can be 

cleaved in the CID process, releasing 
trimethylamine (Figure 2a). It should be 
energetically feasible to cleave the N1C1 
bond and generate a methyl cation. There-
fore, we believe that during the decom-
position of the charge tag, a methyl cation 
is produced and then transferred to the C-
terminus of the peptide. Under this cir-
cumstance, a y + 14 ion can form. 

Protonated structures are also helpful 
in understanding the formation of immo-
nium ions from charge tagged peptides. 
Mobile protons are required to generate 
immonium ions. To confirm this, we com-
pared the performance of two different 
charge tags TMAB and TMPP-Ac. TMPP-
Ac introduces a phosphonium ion at the 
N-terminus of the peptide. Decomposition 
of this tag leading to a series of unique 
fragments (m/z 181, m/z 533 and m/z 

573)[12] has been reported. However, no evidence was 
observed for the production of a proton. The low mass 
ranges of TOF/TOF spectra of TMAB-Fibrinopeptide A 
(TMAB-ADSGEGDFLAEGGGVR) and TMPP-Ac-Fibri-
nopeptide A (TMPP-Ac-ADSGEGDFLAEGGGVR) are 
displayed in Figure 4 a and b. Many immonium ions were 
produced with the TMAB-derivatized peptide but not with 
the TMPP analogue despite the fact that both peptide ions 
had a permanent positive charge on their N-terminus 
precursors. These results indicate that the charge introduced 
by TMPP stays fixed at the N-terminus of the peptide and no 
proton is generated in the decomposition of the tag, while for 

Figure 2. Proposed mechanisms associated with the loss of trimethylamine and production 
of a mobile proton by a) nucleophilic attack by oxygen b) nucleophilic attack by nitrogen. 

Figure 3. ESI-MS/MS/MS spectra of a) y9 
+ (905.48 Da) and 

b) [y9 + 14]+ (919.47 Da). 
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the TMAB-derivatized peptide, the charge is no longer fixed 
and a mobile proton is generated. 

In summary, this work has demonstrated that the frag-
mentation of TMAB-tagged peptides is considerably more 
complicated than was generally accepted. In most cases, the 
tag will undergo decomposition: part of the tag (trimethyl-
amine) is lost during the CID process and a mobile proton is 
generated at the N-terminus. Under these circumstances, both 
N- and C-terminal fragment ions can be observed in the CID 
spectra. A comparison with TMPP-labeled peptides demon-
strates that mobile protons are crucial for generating immo-
nium ions. It is also observed that a methyl cation sometimes 
leaves the tag and migrates to a C-terminal arginine residue to 
generate y + 14 ions. 

Although our quaternary-ammonium charge tag does not 
effectively provide a fixed charge for peptide mass spectrom-
etry, it might be envisioned that changing the carbon-chain 
length of the tag would affect the cyclization depicted in 
Figure 2 and thereby affect the stability of the label. However, 
Hines et al.[7] have found that immonium ions were still 
produced from a peptide with a longer tag. This result 
suggests that a mobile proton was still generated. In contrast, 
TMPP-labeled peptides appear to maintain the fixed charge 
after collisional activation. The only problem with TMPP is 
the low intensity of fragment ions which is due to the lack of 
the mobile proton. If charge-tagged peptides can be activated 
with more energy, this problem may be resolved. 

Experimental Section 
Synthesis of TMAB-NHS and labeled peptides has been reported 
elsewhere.[4a] TMPP-NHS was purchased from Sigma–Aldrich and 
labeled peptides are synthesized as described.[5c] 

The labeled sample was diluted to 2 pmolmL1 with H2O, and 
then 0.5 mL of this solution was spotted on a MALDI target plate. 

When the spots were dry, 0.5 mL of matrix solution (10 mgmL1 

CHCA in 0.1% trifluoroacetic acid in 1:1 ACN(acetonitrile)/H2O) 
was applied on top of it. 

MALDI mass spectra were acquired using an Applied Biosys-
tems 4800 proteomics analyzer (Applied Biosystems, Framingham, 
MA, USA) in the positive-ion mode. 

ESI-MS experiments were conducted in positive ion mode using a 
Finnigan LTQ mass spectrometer (Thermo Electron, San Jose, CA, 
USA). All the samples were diluted to 2 pmolmL1 with 1%acetic 
acid in 1:1 (ACN/H2O). The sample solutions were infused into the 
mass spectrometer at a flow rate of 3 mLmin1 by the syringe pump. 
CID of precursor ions was accomplished by applying a resonant RF 
excitation waveform for 30 ms with activation, Q, of 0.25 and 
normalized collision energy of 35%. 
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Figure 4. Immonium ions in CID spectra of singly charged a) TMAB-
ADSGEGDFLAEGGGVR (1663.44 Da); b) TMPP-ADSGEGD-
FLAEGGGVR (2108.85 Da). 
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