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P1 - Peptide bond formation and decomposition in linear and cyclic 
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Synopsis The peptide bond formation and decomposition is studied by photoelectron 
spectroscopy, time-of-flight mass spectrometry and photoelectron-photoion 
coincidence (PEPICO) spectroscopy in a series of isolated linear and cyclic-
dipeptides. Interesting cyclization mechanism are observed. 
 
It has been proposed that a dynamic chemical process [1,2], which involves the 
coupling of the condensation of α-aminoacids into peptides with the peptide 
degradation ‘returning’ individual aminoacids, may have provided an effective 
mechanism for reshuffling and building up the complexity of aminoacid sequences 
preceding the emergence of life. These processes rely on peptide bond formation and 
cleavage mechanisms, respectively, and can be influenced by the presence of 
activating agents, chemical precursors or the delivery of energy in a proper 
environment.  
Our group has undertaken a study of the peptide bond formation and degradation on 
the simplest aminoacids, the cyclic (c) and linear (ℓ) dipeptides in the gas phase, by 
photoionisation and ion collision experiments. In the poster, we will present prelimi-
nary results on the study of c- and ℓ- GlyGly, AlaAla, GlyPhe, GlyAla and of ℓ-
PheAla by mass spectrometry and PEPICO experiments. 
The mass spectra of the ℓ- species have shown a common pattern of fragmentation, 
with i) dominance of the m/z peak attributable to the cyclic structure, ii) very strong 
similarities between the measured mass spectra in ℓ- and c-structure, with the 
associated observation that iii) parent ion and fragments attributable to the ℓ-species, 
if present at all, diminish with time until they disappear. All of this suggests that 
cyclisation phenomena may happen in the ℓ-species at some stage of the 
experimental procedure, driven by either the temperature in the condensed phase or 
the ‘electrostatic forces’ in the unstable zwitterion produced in the sublimation, or 
due to the fast rearrangement of the highly reactive cation following ionisation.  
In the ℓ-AlaAla molecule, for example, a careful characterisation of the mass 
spectrum (Figure 1) as a function of the temperature as well as the IR spectra of the 
sample analysed before and after thermal evaporation, consistently indicate a 
temperature induced cyclisation in the condensed phase, prior to sublimation. 
Different scenarios may arise in other samples, suggesting that a complex and not 
easily predictable chemistry occurs already at the stage of simple dipeptides and the 
limit of feasibility for the study of polypeptides produced in gas phase by thermal 
vaporation is very rapidly reached. In the framework of the MOlecular Science and 
Technology (MOST), the implementation of an end-station, which combines an 
ElectronSpray Ionzation Source with electron and ion spectroscopies will allow to 
make a step forward in the study of peptide chains in their natural conformation, con-
trolling molecular stability, preventing the linear dipeptides cyclization or 
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decomposition and, eventually, increasing the peptides chain elongation. 

 
 

Figure 1. The mass spectra of ℓ- and c-AlaAla at photon energy 21.22 eV are reported in black and red, 
respectively. The ℓ- AlaAla spectrum collected after 24h at the same sublimation temperature (green) clearly 
shows the disappearance of the parent ion and associated fragments (indicated by the *). In the inset a) and b) 
are shown the amu range 105-140 (associated fragments) and 152-168 (parent ion), respectively. 
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