
“Bioenergy	
  and	
  Bioenerge-cs”	
  
	
  
Biological	
  Energy	
  Capture	
  and	
  Storage	
  

	
  Chemistry,	
  BMB,	
  Plant	
  Biology,	
  PRL,	
  GLBRC,	
  Hor-culture	
  etc.	
  
Photosynthe-c:	
  

	
  Plants	
  	
  
	
  Algae	
  
	
  Cyanobacteria	
  

Biosynthe-c:	
  
	
  Other	
  organisms	
  (fermenta-on	
  etc.)	
  

Biochemistry	
  and	
  bioenerge-cs	
  of	
  photosynthesis	
  and	
  energy	
  storage 	
  	
  
	
  light	
  reac-ons	
  
	
  assimila-on	
  
	
  biosynthe-c	
  	
  
	
  synthe-c	
  biology	
  

Interac-ons	
  of	
  organisms	
  with	
  the	
  environment	
  
	
  Abio-c	
  and	
  bio-c	
  stress	
  physiology	
  
	
  Gene-cs,	
  Natural	
  varia-on,	
  evolu-on	
  

Engineering	
  
	
  Agriculture,	
  aquiculture,	
  algal	
  biofuels	
  etc.	
  
	
  Synthe-c	
  biology	
  

	
  
	
  
	
  

MSU	
  has	
  exper-se	
  in	
  the	
  en-re	
  spectrum	
  of	
  bioenergy	
  and	
  bioenerge-cs	
  



“Unifying”	
  themes	
  that	
  address	
  emerging	
  problems	
  that	
  
MSU	
  strengths	
  naturally	
  address:	
  

	
   	
   	
  	
  
	
   	
  1)	
  Genotype	
  to	
  Phenotype	
  

	
  
	
   	
  2)	
  Direc-ng	
  Biological	
  Energy	
  
	
   	
   	
  meso-­‐	
  micro-­‐	
  and	
  nano-­‐compartmentaliza-on	
  

	
  
	
   	
  3)	
  Bioenergy	
  and	
  climate	
  change	
  

	
  



Directing Energy: Meso- micro- and 
nanocompartmentalization of bioenergy reactions 



Gust et al., MRB 2008 

Major kinetic restrictions 

Temperature, 
water, N, 

micronutrients 



The chloroplast regulates the 
reactive UPSTREAM reactions 
of photosynthesis in 
response to ‘limitations’ 
downstream. 

“signal” 



At full sunlight, a 1% change in loss 
could double efficiency. 



There is large variation between species in energy 
efficiency, even under similar growing conditions. 



2)	
  Direc-ng	
  Biological	
  Energy	
  
	
   	
   	
  meso-­‐,	
  micro-­‐	
  and	
  nano-­‐compartmentaliza-on 

1) RUBISCO is limiting 
 resulting in “excess energy” capture which is wasted and damaging 

 
2) We want to redirect this energy to useful chemistry. 
3) The most interesting chemistries are sensitive to O2, which 
photosynthesis produces. 

 a) Make less O2-sensitive enzymes 
 b) separate the processes 

 

Interface among chemistry, biochemistry, biophysics, synthetic biology 
and computation. (Most of these pieces are in place…some need to be 
integrated). 



What controls O2 penetration and reactivity in proteins? 



Kramer et al. 



Carboxysomes as nano-reaction chambers 

Kerfeld et al 



Heterecysts and bundle sheath cells as  cellular mico-reactions chambers 


