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Introduction

QM/MM methods is today used as a tool to study 
chemistry at action in large systems. I will give 
you here a brief example of what can be done.

This workshop will not include any exercises 
using QM/MM, however, a workshop addressing 
the practical parts of the technique is scheduled 
for the spring 2010 in Lund.



  

 Luciferin chemistry by MOLCAS
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Neutral or anion form of keto-L?

Neutral: r(CO)=1.324 Å, E
a
=23.4 kcal/mol, 

concerted dissociation. T
v
=3.32 eV

Anion: r(CO)=1.335 Å, E
a
=7.3 kcal/mol, biradical 

dissociation.  T
v
=2.54 eV



  

Neutral or anion form of keto-L?

Oxy-LH2(-1): r(CO)=1.335 Å, E
a
=7.3 kcal/mol, biradical 

dissociation.  T
v
=2.54 eV

●Activation energy consistent with a biochemical process.
●a long r(CO) bond closer to that of excited formaldehyd 
(1.362 Å)
●dissociation process has the expected character
●emission in the right energy range
●Note the sp2 vs. sp3 hybridization of the oxygen anchor 
carbon at the TS for the concerted and biradical 
mechanism, respectively.



  

Polarization in the micro 
environment

3.32 (3.35) 3.27 3.19 2.54 (2.99,2.87)

TD-DFT calculated T
v
 values in eV.
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Luciferin-Luciferase Complex:
CASPT2/Tinker QM/MM



What’s the origin of the variation of 
the bioluminescence colour?

OxyLuciferin

Natural Firefly luciferase Mutant



What’s the origin of the variation of 
the bioluminescence colour?

The tight pocket of the wild-type luciferase 
should not allow too much structural 
relaxation of the oxyluciferin before it emits 
light and decade to its ground state.

Most of the chemical energy is then 
transformed into light with a short 
wavelength.



What’s the origin of the variation of 
the bioluminescence colour?

The loose pocket of the mutant, on the other 
hand, should let the oxyluciferin structure to 
relax a bit before the decay on the ground 
state.

Part of the chemical energy is “wasted”, and 
the emitted light wavelength is longer.



  



  



  



  



  



  



  



  



  



  

Luciferin-Luciferase Complex:
CASPT2/Tinker QM/MM

QM/MM model: Solvated protein, 10329 
atoms (626 water molecules), 

QM system : OxyLH2(-1)



  

Results

● The same substrate in native and mutated 
enzyme exhibits the same emission 
spectra.That is the observed red-shift is not due 
to a structural difference of the active 
site/substrate upon mutation of the enzyme.
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