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Abstract

Interest in peptides and peptidomimetics continues to grow, particularly in the context of drug 

discovery and development. However, spontaneous chemical modifications such as deamidation and 

isoaspartate formation present significant challenges, as they are difficult to detect and can 

compromise peptide integrity and function. Conventional chromatographic methods and standard 

mass spectrometric analyses often fail to distinguish structurally similar peptides with nearly identical 

physicochemical properties and masses. In this study, tandem mass spectrometry (MS/MS) was 

employed to monitor deamidation events involving asparagine, glutamine and C-terminal amide 

functional groups. Both collision-induced dissociation (CID) and electron-transfer dissociation (ETD) 

were systematically evaluated and could differentiate the resulting species without relying on 

chromatographic separation, with ETD further enabling semi-quantitative detection of deamidation 

and isoaspartate formation. Using this approach, we confirmed isoaspartate formation under mildly 

basic conditions such as phosphate-buffered saline, whereas amidated peptides remained stable in 

neutral aqueous-organic mixtures or at lower temperatures. In contrast, exposure to acidic conditions, 

particularly in the presence of the additive trifluoroacetic acid, as commonly used during HPLC 

purification, resulted in substantial direct deamidation by hydrolysis without detectable isoaspartate 

formation. Notably, this degradation showed clear site dependence, with especially C-terminal 

amides, being markedly more susceptible in our study. These findings underscore how readily 

deamidation and isoaspartate formation can occur under routine laboratory conditions and highlight 

the utility of CID and ETD mass spectrometry for reliably detecting these modifications. The study 

emphasizes the need for careful analytical monitoring during peptide synthesis and purification to 

avoid misinterpretation of structural integrity.

Keywords: Synthetic peptides, Deamidation, Isoaspartate formation, Electron transfer dissociation, 

Degradation profile
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1. INTRODUCTION

Peptides play a central role in many physiological processes and have gained increasing attention as drug 

candidates. They offer a favourable balance of target specificity and binding affinity relative to their molecular 

size, and their pharmacokinetic properties can be tuned, driving interest in their therapeutic use.1-4 However, 

even subtle changes, including unintended single-site chemical modifications or differences in counterions, can 

markedly alter peptide properties.5 Among the most relevant modifications are deamidation and isoaspartate 

(isoAsp) formation.6 Deamidation converts an amide to a carboxylic acid, introducing a negative charge at 

physiological pH, whereas isoAsp formation alters the peptide backbone via a β-linkage that inserts an extra 

methylene group. Both degradation processes have been shown to affect stability, activity, immunogenicity, and 

therapeutic efficacy of peptides and proteins, making them relevant across all stages of peptide drug discovery 

and development.7-11 For deamidation in peptides two main pathways may be considered, as shown in Figure 

1.12 Direct hydrolysis is a water-assisted cleavage of an amide group to give the corresponding carboxylic acid, 

which is typically favoured under acidic conditions (pH ≤ 4) and accelerated by increased temperature. Direct 

hydrolysis can affect any accessible amide bond in Asn or Gln side chains as well as an amidated C-terminus. In 

contrast, the succinimide (aspartimide) mechanism is side-chain-specific that applies primarily to Asp and Asn. 

In this pathway, the backbone amide nitrogen of the residue following Asp/Asn attacks the Asp/Asn side-chain 

carbonyl to form a five-membered succinimide intermediate, which is generally the rate-determining step. 

Subsequent hydrolytic ring opening yields a mixture of aspartate and isoaspartate, often enriched in isoAsp, with 

the exact ratio sequence- and condition-dependent.13 The succinimide pathway is generally favored at neutral 

to mildly alkaline pH (approx. 7-9) and accelerated by flexible sequence motifs (e.g. Asn-Gly and Asn-Ser).14 By 

contrast, Gln deamidation via a glutarimide intermediate is slower because the formation of the six-membered 

ring is less favourable kinetically.13 In solid-phase peptide synthesis, basic deprotection steps can promote 

aspartimide formation, whereas appropriate protecting-group strategies can reduce this side reaction.15
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Figure 1: Schematic representation of direct hydrolysis and succinimide-mediated degradation leading to 

deamidation and isoaspartate formation in amino acid sidechains of Asn. Amide functional groups are 

highlighted in blue, carboxylic acids in orange, and isoaspartate is highlighted in green.

Analytically, distinguishing deamidation products remains challenging.6 A +0.984 Da mass shift places 

deamidated species close to the M+1 isotopic peak of the amide precursor (difference approx. 0.019 Da), 

requiring high resolving power and mass accuracy to avoid misassignment.16-18 Moreover, Asp and isoAsp are 

isobaric, so precursor mass alone cannot differentiate them. Reversed-phase LC often provides only subtle 

retention differences, and partial co-elution can complicate quantification.6 Tandem mass spectrometry 

(MS/MS) can provide additional information, by localizing modifications along the backbone based on specific 

fragmentation ions. 19, 20 Collision-induced dissociation (CID) predominantly yields b/y-ions and can localize a +1 

Da shift to a single amino acid in the peptide.21 Distinguishing isoAsp from Asp by CID is very limited and peptide-

dependent with reported ions such as b+H₂O and y−46 not universally reliable.22-24 Electron transfer dissociation 

(ETD) as an alternative fragmentation technique to CID yields mainly c/z ions. 21, 25 ETD can generate isoAsp 

diagnostic ions (c+57, z−57), which arise from the altered backbone connectivity in isoAsp.26, 27 ETD performance 

however, requires sufficiently high precursor charge states for fragmentation efficiency. 

Although deamidation and isoAsp formation are well documented under physiological and synthetic conditions, 

much less is known about their relevance during routine peptide purification, analysis, and storage, where 

peptides are frequently exposed to aqueous-organic mixtures, varying pH, and elevated temperatures. Due to 

the similarity in chemical properties these modifications are not straightforward to detect, making them easy to 

overlook. The aim of this study was to develop a practical workflow that enables semiquantitative detection of 

deamidation and isoAsp formation without relying on baseline chromatographic separation. Using a model 

peptide containing both a side-chain amide in Asn and a C-terminal amide, we evaluate how commonly used 

solvents and storage conditions influence deamidation and then extended the analysis to additional sequences 

to compare the specific susceptibilities of Asn, Gln, and C-terminal amides. Our goal was to translate MS/MS 

analysis into a practical guidance on how to find deamidation and isoAsp and under which purification, analysis, 

or storage conditions they are most likely to arise.

2. MATERIAL AND METHODS

2.1 Chemicals

Acetonitrile (ACN) and methanol (MeOH) for LC-MS analysis (OPTIMA, LC-MS grade) was obtained from Fisher 

Chemicals (Loughborough, UK). Nanopure water was used from an in-house ELGA Purelab water purification 

system (VWS, Celle, Germany). Sodium chloride (NaCl, ≥ 99.5%), trifluoroacetic acid (TFA, ≥ 99%), 

triisopropylsilane (TIS) and formic acid (FA; 98.0-100%), were purchased from Sigma Aldrich (Buchs, 

Switzerland). 0.1 M hydrochloric acid (HCl) solution, 0.1 M sodium hydroxide (NaOH) solution and acetic acid 

(AA, Emsure Supelco, Ph. Eur.) were obtained from Merck (Darmstadt, Germany). 25% ammonia solution (Anal 

R, NORMAPUR) was purchased from VWR chemicals (PA, USA). N,N-Diisopropylethylamine (DIPEA) was obtained 

from ROTH (Karlsruhe, Germany).

2.2 Solid phase peptide synthesis
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Peptides, listed in Table 1 were synthesized by Fmoc solid phase peptide synthesis. Detailed synthesis and 

purification protocols are provided in the Supporting Information. Isoaspartate (Diso) was introduced to the 

sequence using L-Fmoc-aspartic acid alpha-t-butyl ester as a building block. For all peptides stock solutions at a 

concentration 0.1 mM were prepared in water.

Tab. 1: Peptides for LC-MS/MS method development. Theoretically expected masses of single and multiple 

protonated charged ions of the peptide were calculated with PICKAPEP.28

Peptide* MS detection (m/z)
Name

N-term Sequence C-term

Molecular 

weight (Da) [M+H]+ [M+2H]2+

Pep1(N)-Am (*) H - RLLNASG - NH2 728.85 729.4371 365.2225

Pep1(N)-OH (*) H - RLLNASG - OH 729.84 730.4212 365.7145

Pep1(D)-Am (*) H - RLLDASG - NH2 729.84 730.4212 365.7145

Pep1(Diso)-Am (*) H - RLLDisoASG - NH2 729.84 730.4212 365.7145

Pep1(D)-OH (*) H - RLLDASG - OH 730.82 731.4052 366.2065

Pep1(Diso)-OH (*) H - RLLDisoASG - OH 730.82 731.4052 366.2065

Pep1(Q)-Am H - RLLQASG - NH2 742.88 743.4528 372.2303

(*) Used for method development of semiquantitative LC-ESI-MS/MS method; Abbrev.: N-term = N-terminus, C-term = C-

terminus; Underlined: basic functional groups, bold: possible deamidation site, italic: possible site for isoaspartate formation

2.3 Liquid chromatography coupled to electrospray ionization and tandem mass spectrometry (LC-ESI-MS/MS)

2.3.1 LC-ESI-MS 

Peptide separation was performed on a Waters Acquity UPLC equipped with a Zorbax Eclipse Plus C18 column 

(2.1 × 50 mm, 1.8 µm particle size, Agilent, USA). Solvent A was 0.1% FA in water, and solvent B was 0.1% FA in 

ACN. Gradient elution was tested starting at 95% or 98% A for 2 min, followed by an increase in B at 10%/min, 

5%/min, 1%/min, or 0%/min (isocratic elution) with a flow of 0.5 mL/min at 25°C. Each run was followed by 5 

min of re-equilibration to the starting conditions. Compounds were ionized with a heated electrospray ionization 

probe (HESI-II, Thermo Scientific, USA). The heater temperature was set to 0 °C (corresponds to approx. 50 °C 

operating temperature), sheath gas flow rate to 34 arbitraty units (arb), auxiliary gas flow rate to 11 arb, sweep 

gas flow rate to 0, spray voltage to 5 kV, capillary temperature to 275 °C, capillary voltage to 31 V and tube lens 

to 80 V. MS detection was carried out on an LTQ XL ion trap mass spectrometer (Thermo Scientific, USA). Full 

MS scans were recorded from m/z 100–1200 at normal scan rate, positive polarity, and profile data type. The 

AGC target for full scans was set to 1.50 e+04. This method was used to acquire MS spectra or coupled with 

targeted or data dependent MS/MS analysis.

2.3.2 Targeted MS/MS

Targeted fragmentation was performed at m/z 365.70, corresponding to the [M+2H]2+ ion of the Pep1(D)-Am 

peptide, with an isolation width of 1.0 m/z. CID was conducted using helium as collision gas with an AGC target 

of 5.00 e+03. CID activation was performed with a normalized collision energy of 35, an activation Q of 0.25 and 

an activation time of 30 ms. ETD was performed with fluoranthene (m/z 202) as a reagent ion. A minimum 

fluoranthene signal intensity of >106 (negative mode) was ensured prior to ETD analysis. ETD parameters were 

set to emission current 50.00 μA, electron energy -80 V, CI gas pressure 30 psi, source temperature 160 °C, vial 
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1 temperature 108 °C, restrictor temperature 160 °C and transfer line temperature 160 °C. ETD activation was 

performed with an activation time of 100 ms and an AGC target of 1.00 e+05. 

2.3.3 Data dependent MS/MS

Data dependent acquisition of fragment spectra was configured to allow the automated non-specific generation 

of fragment spectra of multiple analytes with distinct masses. As a first scan event, a full scan with normal scan 

rate and a scan range from 100-1200 m/z was performed. Data was acquired in positive polarity with the data 

type profile. In a second scan event, ions for fragmentation were selected starting from the most intense ion 

detected in the first scan event with a minimum signal threshold of 2000 counts within 300-1200 m/z and an 

isolation width of 1.0 m/z. To allow the generation of fragment spectra of multiple charged species, dynamic 

exclusion was enabled. Settings for dynamic exclusion were as follows: repeat count 2, repeat duration 15 s, 

exclusion list size 150, exclusion duration 8 s and exclusion mass width ± 0.5 m/z. Fragment spectra were 

acquired in positive polarity at a normal scan rate with the data type centroid and a default charge of 3 within a 

mass range of 110-1200 m/z. 

2.4 Semiquantitative method for the analysis of deamidated and isoaspartate peptides

A total peptide concentration of 0.1 mM was used in all experiments, with an injection volume of 5 µL unless 

stated otherwise. The Pep1 series (Table 1) was used to establish a semiquantitative LC-ESI-MS/MS workflow 

capable of distinguishing amidated, deamidated, and isoaspartate-containing species. For method development, 

an equal mixture of Pep1(N)-Am, Pep1(N)-OH, Pep1(D)-Am, Pep1(Diso)-Am, Pep1(D)-OH and Pep1(Diso)-OH was 

analyzed by LC-ESI-MS testing different gradients. Each peptide was also analyzed individually by data 

dependent LC-ESI-MS/MS (CID and ETD) using a 1%/min gradient to obtain reference retention times and 

MS/MS spectra. To evaluate whether chromatographic peak area could be used for relative quantification where 

LC separation was achieved, binary mixtures of Pep1(N)-Am and Pep1(D)-Am were analyzed, and the 

relationship between mole fraction and peak area was assessed. To identify fragment ions capable of 

distinguishing co-eluting species with identical precursor m/z, pairwise CID and ETD spectra of Pep1(D)-Am vs. 

Pep1(N)-OH and of Pep1(D)-Am vs. Pep1(Diso)-Am. Spectra were compared using volcano plot analysis of 

[M+2H]2+ precursor ions to identify statistically significant differences between fragment-ion intensities. Binary 

mixtures of Pep1(D)-Am with Pep1(N)-OH or Pep1(Diso) in varying ratios were then analyzed to evaluate the 

linearity of candidate diagnostic ions. Finally, mixtures containing all six Pep1 variants were used to assess 

robustness with respect to injection volume and composition. LC-resolved species were quantified by peak area, 

while the contributions of co-eluting species were estimated from diagnostic fragment-ion intensities.

2.5 Stability studies

Pep1(N)-Am was incubated at 40 °C for 7 days under the following conditions: H2O, H2O:ACN (1:1), H2O:MeOH 

(1:1), 10 mM HCl, 0.1% FA, 0.1% AA, 0.1% TFA, 0.2% TFA, 5% TFA, 50% TFA, 95% TFA, 100% TFA, 95/2.5/2.5 

TFA/TIS/H2O, 95/5 TFA/TIS, 10 mM NaOH, 0.1% NH3, 0.1% DIPEA, 10 mM NaCl and PBS (pH 7.4). Temperature-

dependent stability was investigated in 0.1% TFA at -20 °C (freezer), 4 °C (fridge), 20 °C (room temperature) and 

60 °C. For -20 °C stability testing underwent one freeze-thaw cycle per time point (4 freeze thaw cycles in total) 

with each 1h thawing at room temperature. Pep1(D)-Am, Pep1(N)-OH, Pep1(D)-OH and Pep1(Q) were incubated 

at 40 °C for 7 days at 0.2% TFA. Samples were collected at time points 0, 24, 48, 96 and 168 hours. Each sample 
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with an initial concentration of 0.4 mM was diluted 1:20 in water (0.02 mM) and analyzed with an injection 

volume of 10 µL in triplicate by targeted LC-ESI-MS/MS (CID, ETD), except for Pep1(Q)-Am samples the 

untargeted LC-ESI-MS/MS (CID, ETD) method was used. 

2.6 Data processing

MS and MS/MS data were acquired and extracted using XCalibur (4.4.16.14, Thermo Fisher Scientific) and 

converted to mzML with msConvert.29, 30 Data analysis was performed in Python31 (3.10.10). Chromatograms 

and MS spectra were processed using pyOpenMS32 and MOCCA233. Statistical analyses were carried out with 

NumPy34 (1.23.5), pandas35 (1.5.3) and SciPy36 (1.15.3). Data visualization was performed using matplotlib37 

(3.10.1). Chemical structures were drawn using ChemDraw (20.0.0.41).
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3. RESULTS AND DISCUSSION

3.1 Development and performance of a semiquantitative LC-ESI-MS/MS workflow for deamidation and 

isoaspartate analysis.

The peptides in the Pep1 series differed only in C-terminal modification (amide vs acid) or in the identity of a 

single residue (Asn, Asp, or isoAsp), providing a controlled system for monitoring deamidation and isoAsp 

formation. All peptides were obtained at >94% purity except Pep1(D)-OH, which was retained for method 

development (Supporting Information Figure S1-3, Table S1). Initial LC optimization indicated that shallow 

gradients and high aqueous starting conditions improved separation, but under the final method (98% H2O, 

1%/min gradient), Pep1(N)-OH, Pep1(D)-Am, and Pep1(Diso)-Am remained co-eluting (Figure 2A) and shared the 

same [M+2H]2+ m/z. Thus, chromatographic retention and precursor mass alone were insufficient for 

differentiation. Where species were baseline-separated (e.g., Pep1(N)-Am vs Pep1(D)-Am), LC peak areas scaled 

linearly with relative content (Supporting information Figure S4), supporting their use for relative quantification. 

For the co-eluting triplet, adding fragmentation provided the required specificity. Fragmentation experiments 

were performed on the doubly charged precursor, as singly protonated peptides containing strongly basic 

residues, such as Arg in our case, can exhibit altered fragmentation behavior that complicates spectral 

interpretation.38, 39 CID spectra of Pep1(D)-Am and Pep1(Diso)-Am were largely overlapping, whereas Pep1(N)-

OH showed distinctive C-terminal fragments. ETD generated additional structure-informative ions, including 

characteristic isoAsp fragments. Comparison with calculated fragment ions, consistent with established peptide 

fragmentation pathways40, and volcano-plot comparison of replicate CID/ETD spectra identified multiple 

fragment ions with reproducible differences between peptide pairs (Supporting information Table S2). These 

candidates were evaluated in binary mixtures, where the ETD (c3+57)+ showed best performance for isoAsp, 

providing a linear response even at low Pep1(Diso)-Am levels with an R2 >0.95. For Pep1(N)-OH, the ETD c5+ ion 

showed the strongest linear correlation. An example ETD spectrum of the mixture of Pep1(D)-Am, Pep1(Diso)-

Am, and Pep1(N)-OH highlighting these fragments is shown in Figure 2B, and corresponding linear fits of 

diagnostic ions is shown in Figure 2C. Based on these results, the final workflow combined (i) integration of the 

extracted-ion chromatogram (m/z 364.5-367.5) for LC-resolved species and (ii) deconvolution of co-eluting 

Pep1(N)-OH, Pep1(D)-Am, and Pep1(Diso)-Am using the ETD diagnostic ions (c3+57)+ of Pep1(Diso)-Am and c5+ 

of Pep1(N)-OH. When applied to mixed samples, this approach achieved overall mean absolute deviations <5% 

for most species and <10% for Pep1(Diso)-Am Absolute and relative accuracy of the content determination of 

Pep1(N)-OH are given in the Supporting Information (Figure Figure 4), providing sufficient accuracy for 

semiquantitative analysis of deamidation and isoAsp formation. Although the relative design means that errors 

propagate across components, the workflow was shown to be robust against variation in absolute sample 

concentration and injection volume. Notably, the distinction of individual peptide forms was achieved using a 

low-resolution mass spectrometer, demonstrating that high mass resolving power is not a prerequisite when 

informative fragment ions are available. While the diagnostic fragments identified here are sequence-specific, 

and their general applicability across different peptides remains to be evaluated, this proof-of-concept 

demonstrates that reliable semiquantitative discrimination can be achieved for closely related peptide variants 

using MS/MS readouts even in the absence of prior chromatographic separation.
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Figure 2: (A) Extracted ion chromatogram in the m/z range 364.5-367.5 acquired with 0.1% FA in H₂O/ACN using 

a 1%/min gradient from 98% H2O at 25 °C. Coeluting peptides Pep1(N)-OH, Pep1(D)-Am, and Pep1(Diso)-Am are 

highlighted in orange. (B) ETD spectrum of [M+2H]2+ precursor of co-eluting peptides Pep1(N)-OH, Pep1(D)-Am, 

and Pep1(Diso)-Am with diagnostic ions (c3+57)+ for Pep1(Diso)-Am and c5+ for Pep1(N)-OH indicated. (C) Linear 

fits showing the correlation between signal intensity and peptide content with according R2 for Pep1(Diso)-Am 

and Pep1(N)-OH in mixtures with Pep1(D)-Am.

3.2 Detection of deamidation and isoaspartate formation in different solvents

We next applied the workflow to monitor deamidation and isoaspartate formation of Pep1(N)-Am across 

solvents and conditions over time. Time courses of %-content are summarized in Figure 3. Full datasets are 

provided in the supporting information (Figure S4). In neutral aqueous media, including water, water/organic 

mixtures and 10 mM NaCl, Pep1(N)-Am remained unchanged over the study period. In contrast, incubation in 

PBS (pH 7.4) led to the time-dependent formation of Pep1(Diso)-Am with minimal direct deamidation, consistent 

with the succinimide pathway favoured near neutral pH and confirming the sensitivity of the diagnostic-ion 

readout. Acidic solutions (0.1% AA, 0.1% FA, 0.1% TFA, 10 mM HCl) promoted deamidation and yielded 

predominantly Pep1(N)-OH, with no detectable isoAsp formation. 
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Figure 3: Relative content of deamidated species over time after incubation of Pep1(N)-Am in different solvents 

at 40 °C if not stated otherwise.
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The apparent rate increased with acidity (AA < FA < TFA < HCl) and with temperature: degradation was 

pronounced at 60 °C, slower at 20 °C, and negligible at 4 °C and −20 °C, the latter also with included freeze-thaw 

cycles. These observations indicate that cold storage effectively suppresses acid-driven hydrolysis on the 

timescale studied. Because TFA is widely used in peptide purification, we examined a concentration series. 

Increasing TFA from 0.1% to 0.2% approximately doubled the extent of deamidation (Figure 3). At 5% TFA, 

conversion was substantial and Pep1(D)-OH became the dominant species after seven days. At 50% TFA, 

degradation accelerated further and the parent peptide was largely depleted, accompanied by additional signals 

outside the monitored m/z window that likely reflect secondary reactions (Supporting Information Figure S4). 

Exposure to mildly basic solutions (0.1% NH₃, 0.1% DIPEA) led to the appearance of several additional species, 

with Pep1(Diso)-Am becoming a dominant product in 0.1% NH₃, as expected for isoAsp formation under basic 

conditions. In contrast, nearly anhydrous (100%) TFA caused no detectable deamidation, highlighting the 

requirement for water. High-TFA samples consistently showed an additional peak at 2.6 min with the same 

nominal mass as Pep1(N)-Am, whose identity remains unclear and requires further investigation. Selected 

chromatograms for degradation profiling are shown in figure 4. All further chromatograms are given in the 

supporting information (supporting information Figure S4). 

Figure 4: LC-MS chromatograms [m/z range 364.5-367.5] show the degradation of Pep1(N)-Am under different 

conditions: A) H2O:ACN; B) 0.2% TFA; C) 0.1% NH3; D) 100%TFA.

Other unexpected signals with the same nominal m/z as the starting material were also observed. These could 

reflect partial epimerization to D-residue-containing species, a known base-promoted side reaction, although 

this requires confirmation by comparison to synthesized reference compounds. In 0.1% NaOH, Pep1(N)-Am was 

no longer detectable at later time points, consistent with rapid base-catalyzed degradation. Structural 

elucidation of the unknown products will require further analysis by untargeted MS/MS analysis.
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3.3 C-terminal amide and glutamine side-chain stability under mildly acidic conditions

To confirm whether the C-terminal amide is more labile than the Asn side-chain amide, we examined peptides 

containing only one amide functionality: Pep1(D)-Am (C-terminal amide) and Pep1(N)-OH (Asn side-chain 

amide), using Pep1(D)-OH as a control. Under 0.2% TFA at 40 °C, Pep1(D)-Am deamidated more rapidly than 

Pep1(N)-OH, as reflected by the faster accumulation of Pep1(D)-OH over time (Figure 5). This could indicate 

greater solvent accessibility of the terminus, whereas the side-chain amide may be involved in stabilizing 

interactions, however this needs further investigation. 

Figure 5: Deamidation of Pep1(D)-Am, Pep1(N)-OH and Pep1(D)-OH in 0.2% TFA at 40 °C over time. 

We next assessed whether the glutamine side-chain amide shows similar reactivity under mildly acidic 

conditions. In 0.2% TFA, the Gln-containing analog showed a clear time-dependent formation of deamidated 

products (Figure 5), indicating that solvent-dependent direct hydrolysis affects Gln residues similarly to Asn. 

MS/MS analysis of the individual peaks (Supporting Information Table S2) supports their assignment as Pep1(E)-

Am, Pep1(Q)-OH, and Pep1(E)-OH, although full structural confirmation will require synthesized reference 

standards. These results demonstrate that direct hydrolysis in mildly acidic media impacts all amide functional 

groups.
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Figure 6: Overlap of chromatograms obtained from different timepoints after Pep1(Q)-Am incubation in 0.2% 

TFA at 40 °C. Deamidation products detected and analysed by MS/MS are indicated. 
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CONCLUSION AND OUTLOOK

In this work, we showed that common RPLC-ESI-MS/MS, without specialized columns and/or optimized 

chromatographic separation strategies can deliver semiquantitative information on deamidation and isoAsp 

formation even when key species co-elute. By combining extracted-ion peak integration for LC-resolved 

components with diagnostic fragment-ion readouts for overlaps, the method achieved 5-10% absolute accuracy 

under routine settings. Applied to Pep1(N)-Am, the observed condition trends are consistent. At near neutral 

pH (PBS), isoAsp accumulates suggesting degradation via the succinimide pathway, while in aqueous acidic 

media, primarily direct hydrolysis was observed. Accumulation rate of Pep1(N)-OH increased with acidity and 

temperature. For TFA-containing solutions, both the TFA concentration and the water content influenced the 

outcome. Low-percentage aqueous TFA accelerates deamidation, whereas nearly anhydrous TFA shows little to 

no conversion. Basic media rapidly degraded the peptide, generating additional pathways beyond the targeted 

readout that will require deeper analysis. Interestingly, in our experiments the C-terminal amide was more labile 

under acidic conditions compared to the Asn side-chain amide, which could reflect solvent accessibility but 

requires further investigation. Gln showed similar behavior to Asn under these conditions. Importantly, these 

reactions occur in solvents and additives routinely used for peptide analysis, purification, and storage (e.g., 

aqueous TFA, FA/AA modifiers, PBS), highlighting the broader relevance of our observations for amidated 

peptides. Future work could expand to a broader set of amidated peptides to assess differences between side-

chain and terminal amides and to evaluate their involvement in local secondary structure influences their 

reactivity. Although this study intentionally stayed within routine peptide workflows, orthogonal 

chromatographic separations (e.g., alternative pH, different stationary phases, HILIC) could resolve overlaps and 

reduce reliance on fragment readouts, and additional fragmentation methods such as EAD or UVPD may 

broaden diagnostic coverage and enable more refined quantification.
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