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Abstract:	  In	  the	  last	  years,	  we	  have	  combined	  ab	  ini5o	  quantum	  chemistry	  and	  density	  func5onal	  
theory	  (DFT)	  methods	  with	  semi-‐empirical	  (SCC-‐DFTB),	  empirical	  force	  field	  and	  con5nuum	  
electrosta5c	  methods	  in	  so	  called	  Mul5-‐Scale	  approaches	  in	  order	  to	  study	  biological	  structures	  
and	  processes	  on	  different	  5me	  and	  length	  scales.	  This	  includes	  also	  the	  use	  of	  QM/QM/MM	  
methods	  as	  well	  as	  polarizable	  force	  fields	  and	  a	  variety	  of	  sampling	  methods,	  which	  allow	  to	  
overcome	  the	  limita5ons	  of	  direct	  molecular	  dynamics	  simula5ons.	  	  
One	  major	  field	  of	  applica5on	  concerns	  the	  rhodopsin	  family	  of	  proteins.	  Here,	  we	  have	  studied	  in	  
par5cular	  the	  mechanisms	  of	  color	  tuning	  as	  well	  as	  proton	  transport	  pathways	  in	  
Bacteriorhodopsin.	  We	  used	  a	  variety	  of	  spectroscopic	  methods	  like	  UV/vis,	  IR,	  Raman,	  NMR	  in	  
order	  to	  clarify	  details	  of	  the	  molecular	  structures,	  not	  resolved	  by	  experiment.	  A	  second	  major	  
field	  of	  applica5on	  is	  concerned	  with	  electron/hole	  transfer	  in	  complex	  molecular	  systems.	  Due	  to	  
the	  immense	  system	  size	  of	  several	  hundreds	  of	  atoms,	  which	  have	  to	  be	  treated	  quantum	  
mechanically,	  we	  have	  developed	  a	  coarse-‐grained	  quantum/classical	  methodology	  within	  the	  
framework	  of	  5me-‐dependent	  DFT.	  This	  methodology	  allows	  to	  describe	  the	  dynamics	  of	  the	  
electronic	  system	  coupled	  to	  the	  dynamics	  of	  DNA	  or	  proteins	  in	  water	  solvent	  and	  shows,	  that	  
solvent	  fluctua5ons	  are	  a	  major	  driving	  force	  of	  hole	  transfer.	  Currently,	  we	  extend	  this	  
methodology	  towards	  organic	  electronics	  applica5ons.	  	  
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