
HAL Id: hal-03349486
https://hal.science/hal-03349486

Submitted on 20 Sep 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Influence of ionizing radiation on molecular recognition
in the gas phase: VUV and X-ray photoabsorption of

antibiotic-receptor non-covalent complexes
M Abdelmouleh, M Lalande, A Espinosa Rodriguez, V Vizcaino, J Rangama,

T Schlathölter, J-C Poully

To cite this version:
M Abdelmouleh, M Lalande, A Espinosa Rodriguez, V Vizcaino, J Rangama, et al.. Influence of
ionizing radiation on molecular recognition in the gas phase: VUV and X-ray photoabsorption of
antibiotic-receptor non-covalent complexes. 31st International Conference on Photonic, Electronic
and Atomic Collisions (ICPEAC XXXI) 23-30 July 2019, Deauville, France, 2020, Deauville, France.
pp.152061, �10.1088/1742-6596/1412/15/152061�. �hal-03349486�

https://hal.science/hal-03349486
https://hal.archives-ouvertes.fr


Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Influence of ionizing radiation on molecular recognition in the gas phase:
VUV and X-ray photoabsorption of antibiotic-receptor non-covalent
complexes
To cite this article: M Abdelmouleh et al 2020 J. Phys.: Conf. Ser. 1412 152061

 

View the article online for updates and enhancements.

This content was downloaded from IP address 193.54.110.53 on 20/09/2021 at 14:08

https://doi.org/10.1088/1742-6596/1412/15/152061
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvHxiKV_kv_Fhr65CusVzFgIYZkRx-5BXcNAfgAveQ79pLmyCjBRrN6qkj6fD0GccLwsVxQL-Ivuh6mTaTHFpTfvfW_BLSUxWqr9btRF4-b5HHhASxKNaPwghCM1i9jFeK4HzGavSYAzXbPj1JRjfj4cIQa7OtyR04nBxKNREOOyqk5pOSz50EiCx6K61OixsnGfDNNf9h8f1_sEwBjbv2CbTw1CmqPIf-xHu_p8yC_s0F2AR3bzH5HNup0WZQl5SyybP1wSL52_YWajgEvTIs9Skt9HjDJfns&sig=Cg0ArKJSzCx7w-OxLrnF&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/240/registration-info%3Futm_source%3DIOP%26utm_medium%3DPDFBN%26utm_campaign%3D240Register


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICPEAC2019

Journal of Physics: Conference Series 1412 (2020) 152061

IOP Publishing

doi:10.1088/1742-6596/1412/15/152061

1

 
 

Influence of ionizing radiation on molecular recognition in the gas phase: VUV 
and X-ray photoabsorption of antibiotic-receptor non-covalent complexes 

M Abdelmouleh1*, M Lalande1, A Espinosa Rodriguez1,2, V Vizcaino1, J Rangama1, T Schlathölter2 
and J-C Poully1 

1CIMAP, UMR 6252 (CEA/CNRS/ENSICAEN/Université de Caen Normandie), Caen, France 
2Dpto. de Física Atómica, Molecular y Nuclear. Facultad de CC Físicas. Avda. Complutense, s/n - 28040 Madrid, Spain 

3Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747AG Groningen, The 
Netherlands 

 

Synopsis    The intrinsic effects of ionizing radiation on molecular recognition between an antibiotic and its re-
ceptor have been probed by coupling a synchrotron beamline to a tandem mass spectrometer. Protonated vanco-
mycin-receptor non-covalent complexes in the gas phase undergo inter- as well as intramolecular bond cleavage 
due to internal energy transfer after photoabsorption in the VUV-X energy range. The deprotonated complex un-
dergoes electron detachment, but the native interactions underlying  molecular recognition are not systematically 
lost. 
 
The structure of biological molecules plays 

an important role in their activity, especially in 
the molecular recognition between drugs and 
their receptors. This is illustrated in figure 1 for 
the glycopeptide antibiotic vancomycin bound 
to its peptidic receptor Ac2-LLys-DAla-DAla in 
condensed phase, where the two structures 
tightly fit each other. When isolated in the gas 
phase, this native structure is lost for gas-phase 
protonated but retained for deprotonated com-
plexes.[1,2] Moreover, in the case of a chemio-
radiotherapy to cure cancer, drugs can interact 
with ionizing radiation. Therefore, it is crucial 
to know if molecular recognition is affected by 
irradiation. We have thus studied photoioniza-
tion of isolated protonated as well as deproto-
nated vancomycin/receptor complexes by 
means of a synchrotron beamline coupled to a 
tandem mass spectrometer, which allowed iden-
tifying the irradiation products. After absorption 
of one VUV photon by doubly-protonated Van-
comycin, we observe non-dissociative ioniza-
tion (NDI), but also peptide backbone fragmen-
tation as well as sugar bond cleavages due to 
electronic to vibrational energy transfer. The 
latter rises with photon energy, making NDI to 
vanish at X-ray energies. For the doubly proto-
nated vancomycin-receptor complex, NDI is not 
observed following photoabsorption, probably 
because of the low binding energy of this non-
covalent complex. Interestingly, when deproto-
nated, the intact complex is observed after elec-
tron detachment, together with fewer fragmen-

tation channels, the main ones being loss of re-
ceptor and CO2. The latter comes only from 
vancomycin, not from the receptor, which can 
be explained by the retained native structure of 
the deprotonated complex, where the receptor’s 
CO2 group is strongly bound to Vancomycin, 
even after electron detachment. Our results in-
dicate that the geometrical structure of a drug-
receptor complex has a large effect on the pro-
cesses induced by photon irradiation in the 
VUV-X energy range. Furthermore, molecular 
recognition is not systematically lost after pho-
toabsorption. 

 

	

Figure 1. molecular surfaces of the native structure 
of vancomycin (white) and its receptor (purple) in a 
crystal (Protein Data Bank 1FVM). 
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