
High number of chemical species  

High number of interactions 

Feedbacks (non-linear reactions) 

Open system: steady state (far from equilibrium, energy consumption) 

Specialization 

Spatial anisotropy 

Compartmentalization (constraints to FREE DIFFUSION) 

Structure-function redundancy (one structure for many functions, one function for many structures)  

Cell is a complex system 

UNITY AND DIVERSITY 
We can talk about Cell Biology (and Cell Physiology) because of the 
organizational unity of the different cell types 





Cell is a highly biochemically and structurally compartimentalized system 



Living beings�



An open system can maintain (and eventually increase) its 
internal stability and organization 

A dissipative system is a thermodynamically open system which is 

operating out of, and often far from, thermodynamic equilibrium 

in an environment with which it exchanges energy and matter. 



The zeroth law of thermodynamics involves some simple definitions of thermodynamic 

equilibrium. Thermodynamic equilibrium leads to the large scale definition of temperature, 

as opposed to the small scale definition related to the kinetic energy of the molecules.�

The first law of thermodynamics relates the various forms of kinetic and 

potential energy in a system to the work which a system can perform and to the 

transfer of heat. This law is sometimes taken as the definition of internal energy, and 

introduces an additional state variable, enthalpy. The first law of thermodynamics allows 

for many possible states of a system to exist. But experience indicates that only certain 

states occur. �

dU –TdS +PdV=0 �
dQ=TdS	


dW=PdV	

dU -dQ + dW=0 �



This leads to the second law of thermodynamics and the definition 
of another state variable called entropy. �

The second law stipulates that the total entropy of a system plus its 
environment can not decrease; it can remain constant for 
a reversible process but must always increase for 
an irreversible process.�

G = H – TS = U + PV - TS�

Entropy  dS = dQ/T� Enthalpy  H = U+ PV �

dG = 0 equilibrium�

the Gibbs free energy is a thermodynamic potential that measures the 
"usefulness" or process-initiating work obtainable from a thermodynamic 
system at a constant temperature and pressure (isothermal, isobaric). �

In an isolated system �



Endoergonic reaction	

dG>0	


Esoergonic reaction	

dG<0	




COUPLED REACTIONS 

A + B   AB 
Endoergonic 

ATP + H20   ADP + Pi   
Esoergonic 

GLOBALLY: 

Esoergonic 


