
MODELING	  BACTERIAL	  HEAT	  PRODUCTION	  	  
	  DUE	  TO	  AOX	  PATHWAY	  

	  
AOX	  pathway	  is	  responsible	  for	  thermogenesis	  in	  various	  organisms.	  But	  to	  what	  
extent	  it	  would	  be	  responsible	  for	  heat	  production	  in	  genetically	  engineered	  
bacteria	  remains	  an	  interesting	  question.	  Georgia	  Tech	  modeling	  team	  aimed	  at	  
theorizing	  an	  answer	  to	  this	  question	  using	  both	  analytical	  and	  computational	  
methods.	  The	  primary	  goal	  was	  to	  suggest	  a	  calorimetric	  technique	  with	  optimal	  
sensitivity,	  as	  well	  as	  to	  compare	  heat	  transfer	  in	  liquid	  culture	  and	  bacterial	  
colonies.	  	  
 
 

 
 
 
 
 
 
 
 



We Knew… 
 
	  
1.	  The	  non-‐growth	  rate	  of	  ATP	  production	  is	  7.6	  mmol	  per	  gram	  of	  biomass	  per	  hour	  (E.	  coli	  
W3110)	  at	  38C.	  This	  rate	  is	  slightly	  higher	  in	  growth-‐associated	  conditions	  (13	  mmol/g/h).	  
(Varma	  &	  Palsson,	  1994)	  	  
	  
2.	  AOX	  branches	  from	  the	  cytochrome	  pathway	  at	  the	  level	  of	  the	  ubiquinone	  pool	  and	  couples	  
the	  oxidation	  of	  ubiquinol	  to	  the	  four-‐electron	  reduction	  of	  oxygen	  to	  water.	  (Albury,	  Elliott	  &	  
Moore,	  2009)	  	  	  
	  
3.	  Electrochemical	  potential	  gradient	  difference	  between	  Uq	  and	  O2	  is	  800	  mV	  (Ingledew	  &	  
Poole,	  1984)	  
	  
4.	  Two	  electrons	  are	  required	  per	  production	  of	  1	  ATP	  molecule	  
	  
5.	  The	  dry	  mass	  of	  one	  E.	  coli	  cell	  =	  7*10^-‐13	  g	  
(http://bionumbers.hms.harvard.edu/bionumber.aspx?s=y&id=103904&ver=9)	  
 
 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



Theoretical	  Rate	  of	  Heat	  Production	  
	  

The	  amount	  of	  energy	  released	  by	  4	  electrons	  is	  given	  by:	  
	  

	  

	  
The	  amount	  of	  energy	  per	  cell	  per	  second	  is	  given	  by:	  
	  

	  

	  
0.7	  is	  an	  efficiency	  factor	  representing	  approximately	  70%	  conversion	  of	  electrons	  in	  the	  
pathway	  in	  sacred	  lotus	  cells	  [Applied	  and	  Environmental	  Microbiology,	  Oct.	  1994,	  p.	  3724-‐
3731	  Vol	  60	  No	  10]	  
	  
By	  way	  of	  comparison,	  the	  specific	  heat	  of	  water	  is	  4.187	  J	  per	  ml	  (when	  1	  ml	  =	  1	  gram).	  



 
 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



A	  more	  detailed	  derivation	  of	  temperature	  profiles…	  
	  
Control	  volume	  1:	  E.	  coli	  	  
	  

 
	  
	  
	  



Control	  Volume	  2:	  Agarose	  
 

 

 



 
 

 
 
 
 
 
 
 



Solving	  both	  temperature	  profiles	  simultaneously	  in	  MATLAB:	  
 

 
 
This	  figure	  shows	  the	  temperature	  profile	  of	  bacteria	  and	  the	  solid	  growth	  media	  
as	  a	  function	  of	  height.	  In	  E.	  coli,	  temperature	  drops	  quadratically,	  and	  it	  drops	  
linearly	  in	  agarose.	  This	  is	  because	  of	  the	  heat	  generation	  term	  included	  within	  
the	  Poisson	  equation	  developed	  to	  describe	  heat	  transfer	  in	  E.	  coli.	  The	  total	  drop	  
of	  temperature	  at	  steady	  state	  across	  the	  height	  of	  bacterial	  colony	  and	  agarose	  is	  
approximately	  0.1	  K.	  	  



               

 



	   
This	  figure	  as	  well	  as	  the	  previous	  were	  developed	  in	  COMSOL.	  They	  depict	  2D	  
and	  3D	  heat	  transfer	  in	  bacterial	  colony	  and	  agarose.	  The	  difference	  between	  
peak	  temperatures	  in	  both	  scenarios	  did	  not	  differ	  by	  more	  than	  0.006K	  which	  
indicates	  that	  a	  2D	  control	  volume	  may	  provide	  sufficiently	  accurate	  
representation.	  In	  a	  2D	  control	  volume,	  heat	  is	  transferred	  radially	  to	  the	  
environment,	  which	  may	  explain	  the	  difference	  in	  peak	  temperature	  values	  
derived	  analytically	  and	  computationally	  (	  288.102	  K	  and	  288.065K,	  respectively).	  
The	  difference	  however	  is	  not	  more	  than	  0.037K,	  which	  suggests	  that	  radial	  heat	  
transfer	  may	  in	  fact	  be	  an	  important	  consideration.	  If	  higher	  aspect	  ratio	  is	  
implemented,	  as	  in	  case	  of	  a	  uniform	  stretch	  of	  bacterial	  colony	  formed	  on	  a	  petri	  
dish,	  then	  1D	  control	  volume	  will	  be	  sufficient.	  	  
	  
	  
	  



 


