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Abstract

The recent decades of research in molecular biology have resulted in break-
throughs concerning our knowledge of the genetic code, protein structures
and functions of the different cellular components. With this new information
follows an increased interest in constructing computational models of the
biological systems. A computational model can range from a description of one
specific protein to a complete cell or organism. The aim of a computational
model is often to complement the experimental studies and help identify
essential mechanisms of a system.

All processes taking place in our cells, from general metabolic processes
to cell specific actions, originates from information encoded in our DNA.
The first step in transferring the genetic information to a functional protein
or RNA, is through the transcription of a gene. The transcription process
is controlled by cellular proteins binding to DNA regions called promoters.
The term "genetic switch", used in the title of this thesis, refers to a specific
change in transcription activity, where one or several promoters get activated
or silenced.

In this thesis, I present studies of the regulation mechanisms in two
different genetic switches. The first is a switch between two central promoters
in the Epstein- Barr virus. This human virus is mostly known for causing the
’kissing disease’, but is also coupled to several cancer types. Infected cells can
change between a resting and a proliferating phenotype, depending on which
viral promoter is active. In order to understand what causes uncontrolled
proliferation in tumors, it is important to understand the regulation of these
viral promoters. The other switch is present in the phage λ, a bacterial virus.
This virus has one specific promoter region, controlling expression of two
proteins that determine if the phage will remain silent (lysogenic) in the host
cell, or start producing new viral particles (go lytic). For the Epstein- Barr virus
we tested, and confirmed, the hypothesis that the regulation of the two central
promoters can be obtained by only one viral and one human protein. Further,
we studied the cooperative effects on one of the promoters, showing that steric
hindrance at the promoter region results in a more effective switching than
with only cooperative binding present. For the bacteriophage λ we studied the
genetically altered λ- Lac mutants, presented by Little & Atsumi in 2006. We
demonstrate that the experimental results cannot, in terms of its equilibria,
be explained by the mechanisms generally believed to be in control of the
lysogenic/ lytic switch.
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