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Figure 0: A small hydrophobic molecule can 
inhibit and misdirect viral capsid assembly 
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The Electrostatics and Thermodynamics of Single-Stranded RNA 
Viruses 

Annually, a million people die of chronic Hepatitis B (HBV) infection 
worldwide. Vaccines that are available do not always yield an immune 
response, and are anyway highly specific. Likewise, therapy for chronic 
infection is not always effective. Hence, it would be of great interest to better 
understand the physical principles of viral assembly in order to make possible 
a rational design of antiviral agents. In vivo, viral particles self assemble in 
infected cells from the viral coat protein and the viral genome, which for 
simple viruses constitutes single-stranded RNA. In vitro experiments show 
that the assembly of viral capsids is highly temperature, ionic strength and 
pH dependent, suggesting that viral assembly is driven by attractive 
hydrophobic interactions between the coat proteins and by attractive 
Coulomb forces between the negatively charged genome of the virus and the 
positively charged RNA binding domain of the coat proteins. Counteracting 
the assembly are repulsive Coulomb forces between the equally charged 
proteins. By applying statistical theories of screened Coulomb interactions 
between colloidal particles and of the elastic response of encapsulated 
polymers, we calculate stability diagrams of simple viruses. We obtain quite 
reasonable agreement with available experimental data. Observed effects of a 
more general nature concerning the Donnan equilibrium of charged colloidal 
shells, as well as the polymorphism of HBV viruses are theoretically 
explained. 
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Chapter 1 

Introduction 

More and more viruses pose a significant threat to human health. While in 
Europe and Asia Bird Flew (H5Nl) starts to threaten the human population, 
in the third-world countries HIV and Hepatitis B (HBV) causes over a 
million deaths a year [1]. The hepatitis B virus (HBV) for example, belongs 
to the hepadnavirus family. Once infected, the virus causes severe chronic 
and acute infections often leading to primary liver cancer. While vaccines are 
available, they do not always yield an immune response: likewise, therapy for 
chronic infection is not always effective. In this light, a better understanding 
of viral structure and assembly may provide a basis for new anti-viral 
treatment [1-4]. 

This thesis deals with the physics of viral self-assembly. It is based upon 
work that shows that viral self-assembly obeys the law of mass action 
observed in micelle/vesicle systems and can therefore be modelled as such 
[5]. The stability of such systems is largely dependent on pH, ionic strength 
(additional inert salt) and temperature. Recent experiments on HBV and 
CCMV (Cowpea Clorotic Mottle Virus) indeed reveal temperature, pH and 
ionic strength dependencies [6-8]. Work has already been done on both the 
self-assembly of 'empty' and 'filled' capsids [5, 9]. In capsid self-assembly, 
electrostatics play an impotent role. As the viral coat proteins (CP) are 
equally charged, repulsive Coulomb forces hinder aggregation of 'empty' 
viral capsid assembly by attractive hydrophobic interaction. Addition of 
symmetric 1: 1 salt weakens the repulsive electrostatics as mobile ions screen 
the fixed charges. 

Kegel and van der Schoot [5], gave a first 'Ansatz' by calculating the 
electrostatic free energy of an infinitely thin viral capsid, containing a net 
positive charge homogeneously distributed over the surface. However, in 
their calculations, they did not account for specific electrostatic properties of 
the viral capsid. In reality, the capsid is not infinitely thin and the charges are 
not symmetrically distributed over the inner and outer capsid wall. 
Experiments [l] and simulations [10] show that the capsid contains a net 
negative charge on the outside, while having a positively charged interior 
wall. Moreover, the capsid surface is not smooth, containing large pikes and 
being fenestrated by holes. The charge is in fact 3-dimensionally distributed 
over the capsid thickness, and accessible to electrolyte. As the monopole 
approximation, suggested by Kegel and van der Schoot [5], calculating the 
free energy by summing the surface charges over their interaction potentials 
dictated by the screening length, cannot account for calculating the 
electrostatics of detailed capsids, more precise models need to be 


































































































































































































