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Molecular Density Functional Theory of the Living Cell.  Sungchul Ji, Rutgers University, Piscataway, N.J. 08855.  sji@rci.rutgers.edu.
   Recent advances in DNA array technology now allow biologists to measure tens of thousands of mRNA molecules in living cells simultaneously as functions of time. In addition, there is 
	
	Electron Density

Functional Theory
	Molecular Density

Functional Theory

	1.  System
	the Atom
	the Cell

	2.  Size of the system
	~ 10-10 m
	~ 10-5 m

	3.  Particle (mass)
	Electrons  (~ 10-27 g)
	 mRNA molecules (~ 10-18 g)

	4.  Number per system
	1 ~ 102
	103 ~ 106

	5.  Hartley information

     per particle
	 1 bit
	102 ~ 104 bits

	6.  Internal structure
     of particle
	Almost none
	Rich
(e.g., sequence information)

	7.  Stability of particle
	Stable
	Unstable
(half-lives ~ minutes to hours)

	8.  Thermodynamics    
	Equilibrium structure
	Dissipative structure

	9.  Function
	Mapping space time 
to electron density
	Mapping spacetime to 
mRNA abundances 

	10.  Functional
	Helmholtz free 

energy
	Numbers assigned to 
goal-directed processes

(also called mechanisms, 
modules, hyperstructures)

	11. Mathematics
	Analytical functions
	Algorithms 

(e.g., sets of  if-then rules)

	12.  Principle
	Energy Minimization
	Self-reproduction


some evidence suggesting that the intracellular levels of mRNA molecules are reliable indices of  cell states and functions (i.e., phenotypes), just as electron densities in atoms determine the physicochemical properties of atoms.  This realization motivated the 
present effort to construct what is here called the “molecular density functional theory (MDFT)” of cells in analogy to the electron density functional theory (EDFT) of atoms and their higher-order structures.  The postulated analogy between MDFT and EDFT are summarized in the above table, highlighting those elements that are thought to be most relevant.  Anyone interested in participating in the development of MDFT, please contact S. Ji at sji@rci.rutgers.ed.  
