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Statistical mechanics of gene expression

• Gene expression can be measured at the mRNA level: Transcriptome
• CONTROLED BY TRANSCRIPTION FACTORS

• Gene expression can be measured at the protein level: proteome
• CONTROLLED By various mechanisms at the ribosome



Heterogeneity of phenotypes: noise
Pictoresquely, originating from cellular “decisions”

From Phillips2015



Focus on trascriptional control











Continuous/deteministic/discrete/stochastic



The master Chemical Equation IN GENERAl
(see D. T. Gillespie, Physica A188 404-425 (1992)

Let us consider a system made of chemical reacting species,
contained in a thermally isolated stirred vessel 











Rate constants that are probabilities: from molecular collisions



















Alcune slides tratte da una lezione di Marco S. Nobile















12. GILLESPIE ALGORITHM AND ENZYME 
KINETICS
Rate equations vs chemical master equations
Gillespie' algorithm (see Gillespie1976, 
Gillespie1977, Gillespie2007)
The Michaelis-Menten approximation for the 
rate equations of enzymic catalysis 
Rate equations for the rapid equilibrium model 
(PBoC 15.2.6)
Michaelis-Menten Kinetics of enzymatic 
catalysis (PBoC 15.2.7)
Reverse Michaelis-Menten (Fabrini2011, 
Tang2015)
List of computational tools for chemical kinetic 
(Deterministic and Stochastic Simulations)
COPASI (www.copasi.org )
StochPy (Marleeveld2013)
You can download the programming tools here 
below from Sapienza with your INFOSTUD ID
(https://campus3.uniroma1.it/campus/indexlo
gin.php )
in particular: Mathematica & Matlab

http://www.copasi.org
https://campus3.uniroma1.it/campus/indexlogin.php

