
Then
Xg + e− = X−

g , ∆E = eA

X−
g = Xg + e−, ∆E = IP• Calculate

• Use QM-MM to take nearby atoms into account

Hemes in their proteic environment
in E.coli

References
[1] Adamo, Carlo. ‘Décrire la structure électronique avec des fonctionnelles de la densité’, n.d., 7.
[2] Atkins, P. W., and Ronald Friedman. Molecular Quantum Mechanics. 5th ed. Oxford; New York: Oxford University Press, 2011.
[3] Hu, Chuanjiang, Charles E. Schulz, and W. Robert Scheidt. ‘All High-Spin (S = 2) Iron(II) Hemes Are NOT Alike’. 
  Dalton Transactions (Cambridge, England: 2003) 44, no. 42 (14 November 2015): 18301–10. https://doi.org/10.1039/c5dt02795k.
[4] Jensen, Jan H. Molecular Modeling Basics. Boca Raton: Taylor & Francis, 2010.
[5] Safarian, S., A. Hahn, D. J. Mills, M. Radlo�, M. L. Eisinger, A. Nikolaev, J. Meier-Credo, et al. 
  ‘Active Site Rearrangement and Structural Divergence in Prokaryotic Respiratory Oxidases’. 
  Science 366, no. 6461 (4 October 2019): 100–104. https://doi.org/10.1126/science.aay0967.
[6] Safarian, Schara, Chitra Rajendran, Hannelore Müller, Julia Preu, Julian D. Langer, Sergey Ovchinnikov, Taichiro Hirose, 
  Tomoichirou Kusumoto, Junshi Sakamoto, and Hartmut Michel. 
  ‘Structure of a Bd Oxidase Indicates Similar Mechanisms for Membrane-Integrated Oxygen Reductases’. 
  Science 352, no. 6285 (29 April 2016): 583–86. https://doi.org/10.1126/science.aaf2477.
[7] Theßeling, Alexander, Tim Rasmussen, Sabrina Burschel, Daniel Wohlwend, Jan Kägi, Rolf Müller, Bettina Böttcher, and Thorsten Friedrich. 
  ‘Homologous Bd Oxidases Share the Same Architecture but Di�er in Mechanism’. 
  Nature Communications 10, no. 1 (December 2019): 5138. https://doi.org/10.1038/s41467-019-13122-4.

Now
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G.th

Optimizing geometry in gaz phase
starting geometries :

• extracted from experimental structure (cryo-EM)
 • build from scratch

Optimized geometry and its 
spectra for heme b 558 in E.coli

On Occigen

Using 48 processors

Using

DFT (Density Functional Theory)

Optimize geometry

Calculate redox properties
(ionisation potential, electron a�nity)

b558

b595

d

b558

b595

d

+258 mV

+176 mV

+168 mV +15 mV

+155 mV

+50 mV

The two proteins di�er mainly from 
the space arragement 
and the mid point potentials of hemes [5]

E.coli G.th

E.coli hemes and ligands

Heme d

Heme b 595 Heme b 558
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A better knowledge of redox properties 
for a better understanding of the molecules functioning

Cytochrome bd proteins are involved in the respiratory chains in many organisms. 
They catalyze the reduction of O2 in water. Escherichia coli (E. Coli) 
and Geobacillus thermodenitri�cans (G. Th.) 
cyctochromes bd share a similar 3D structure

E.coli cytochrome bd G.th cytochrome bd


