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“Understand ageing in unicellular organisms: 

a systems biology approach”
The main focus of  our  group is  to  understand underlying principles leading to cellular  ageing and
rejuvenation in unicellular organism like budding yeast S. Cerevisiae. We develop both theoretical and
experimental approaches ranging from dynamical and non-linear mixed effect modelling to development
of microfluidics devices to follow whole cell linages. 
In this talk I will present our recent results on advantages of active damage retention mechanism and 
will also briefly go through our other projects.  
Asymmetric accumulation of damaged proteins has been shown to occur in organisms ranging from
simple bacteria to yeast  and to mammalian cells. During yeast  cell  division, damaged proteins are
inherited  asymmetrically  such  that  most  are  retained  within  the  mother  cell.  Its  newly  produced
daughters  rejuvenate  as  they  are  born  with  low  damage  and  full  replicative  potential.  We  have
developed fast and versatile computational framework to study phenomena of ageing and rejuvenation
and to understand to what extent and under which circumstances retention of damage is beneficial to
the cells on both single cell and population level. We argue that an active retention mechanism may not
be  needed  in  cell  populations  under  mild  environmental  conditions  but,  it  becomes  useful  for
populations exposed to strong stress. Further, we show that retention is detrimental for the single cell,
as it decreases lifespan and increases generation time. However, under high damage accumulation
rates, retention becomes beneficial to the overall population. We  predict  that rejuvenation is likely to
occur to cells with active damage retention mechanism under the high damage accumulation rate. Our
results suggest that S.Cerevisiae has evolved a complex regulation of size division asymmetry in order
to partially relieve the cell  from the energetic burden of retention and, thus,  increase the energetic
investment in other functions, ultimately increasing its growth rate.  Finally, we suggest the most optimal
damage segregation and cell  division strategy for maximal population fitness and survival  rate thus
ensuring  direct  evolutionary  advantage.  Our  work  sheds  light  on  asymmetric  cell  division  and
rejuvenation in yeast and can be valuable for understanding similar phenomena in other organisms.  
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