
HAL Id: hal-01799613
https://hal.science/hal-01799613

Submitted on 24 May 2018

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.

Theoretical Study of Fireflies Light Emitter and its
Analogues: Color Modulation

Madjid Zemmouche, Cristina Garcia-Iriepa, Romain Berraud-Pache, Isabelle
Navizet

To cite this version:
Madjid Zemmouche, Cristina Garcia-Iriepa, Romain Berraud-Pache, Isabelle Navizet. Theoretical
Study of Fireflies Light Emitter and its Analogues: Color Modulation. 20th International Symposium
on Bioluminescence and Chemiluminescence ISBC, May 2018, Nantes, France. 14, pp.2117 - 2126,
2018. �hal-01799613�

https://hal.science/hal-01799613
https://hal.archives-ouvertes.fr


OxyLH2

Oben 3.2

Othia 2.2

Nthia 0.2

Nben 0.4

Carbo_oxyLH2

Oben 3.3

Othia 2.4

Nthia 0.2

Nben 0.2

References
[1] C. García-Iriepa, P. Gosset, R. Berraud-Pache, M. Zemmouche, G. Taupier, K. D. Dorkenoo, P. Didier, J. Léonard, N. Ferré and I. Navizet. J. Chem. Theory Comput., 2018, 14 (4), pp 2117–2126.

[2] S. Ioka, T. Saitoh, S. Iwano, K. Suzuki, S. A. Maki, A. Miyawaki, M. Imoto and S. Nishiyama. Chem. – Eur. J., 2016, 22, 9330–9337.

[3] Y. Ikeda, T. Saitoh, K. Niwa, T. Nakajima, N. Kitada, S. A. Maki, M. Sato, D. Citterio, S. Nishiyama and K. Suzuki. Chem. Commun., 2018, 54, 1774—1777.

Theoretical Study of Fireflies Light Emitter and its Analogues: 
Color Modulation

Madjid Zemmouche†, Cristina García-Iriepa†, Romain Berraud-Pache†* 

and Isabelle Navizet† 

† Université Paris-Est, Laboratoire Modélisation et Simulation Multi Echelle, MSME UMR 8208 CNRS, 5 bd Descartes, 77454 
Marne-la-Vallée, France. 

* Max-Planck-Institut für Kohlenforschung, Mülheim an der Ruhr, Germany

Aims

Methods

• In explicit water         MD Simulation 10 ns

(Amber-ff99, oxyLH2 and carbo_oxyLH2 

parametrization) 

QM/MM excitation and emission

energy calculation (TD-DFT/AMBER)

100 Snapshots

Absorption and emission

spectra simulation
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Experimenters have synthesized several analogues of

oxyluciferin in order to understand the importance of the nature of

the light emitter. They have modified the oxyluciferin compound

by substituting atom by others (for example the sulfur by a

carbon)[2] or adding groups (like allyl group in the benzothiazole

ring)[3] on the luciferin compound and measured the

bioluminescent emission spectra. We have performed theoretical

study on the firefly oxyluciferin, light emitter and its synthesized

analogues.[2-3]
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Molecules under study 

• Determine the impact of the solvation modeling

• Determine the influence of modification in oxyluciferin on the color

modulation in the absorption and emission

• Simulate the absorption and emission spectra in implicit and explicit water

• Compare the theoretical results with the available experimental [2-3] ones.

• In implicit water simulation             

LR within TD-DFT using B3LYP functional 

and 6-311g(2d,p) as basis set 

Absorption Spectra Simulation
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Figure 3. Simulated emission spectra

Figure 2. Simulated absorption spectra

Bioluminescence is a spectacular

phenomenon of light emission by some

living organisms. It is caused by the

oxidation of an organic molecule

(luciferin) in the presence of dioxygen,

which is catalyzed by the enzyme

(luciferase). Light comes from the

relaxation of the reaction product:

oxyluciferin.[1]

H-bonds pattern and number of H-bonds

between H2O and specific atoms during MD

simulation of oxyLH2 and carbo_oxyLH2

• H-bond interactions between the

oxyLH2 (cabo_oxyLH2) and the

water molecules along the simulation

time show nearly the same

interactions.

• Substitution at positions Y by a CH2 group : blue-shift of the emission. It can be

related to a bigger charge transfer.

• Adding an allyl group at position X : red-shift of the emission. No impact on the

charge transfer.

• Modifications of the benzothiazole and thiazoline groups leaded a change of

absorption values, producing a red-shift in allyl_oxyLH2 and blue-shift in

carbo_oxyLH2 for both absorption and emission.

• Explicit solvent or implicit solvent modeling give different wavelength.

• Results to be compared with experiment.

• Experimental bioluminescence values (inside protein)
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Allyl_oxyLH2 :  X = CH2CH=CH2 Y = S

Emission Spectra Simulation

OxyLH2 :  X = H                     Y = S

Carbo_oxyLH2 :  X = H                    Y = CH2

H-BOND

• G09, G09/Tinker             


