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It is known that the bacterial growth is usually divided into three phases – lag phase, 
exponential (log) phase and stationary phase. Lag phase is a period when bacteria 
adapt to the culture conditions and prepare for cell division. During the exponential 
phase, the number of bacterial cells increases doubly with the consecutive time points. 
But the exponential growth is not continuous as the nutrients in the culture will be 
exhausted immediately by the increasing cells. Then the bacterial growth enters into 
the stationary phase and shows a slow growth rate because of nutrients depletion. 
Some bacteria also begin to die when the nutrients run out. Similarly, in the natural 
environment, bacteria can not grow continuously in the exponential phase as the 
nutrients are not always plentiful in nature. Thus the fact is that they spend most of 
their time living in a starvation state, also called long-term stationary phase.   
 
To understand the state of bacterial cell during long-term stationary phase, in a colony 
grown on a membrane placed on agar plate for prolonged period (>10 weeks), I found 
that most of the cells had died, but a fraction of the cells still survived. By mixing 
those aged survivors with “young” wild-type cells (one-day-old) on a background 
colony (wild-type, one-day-old) and further incubating the mixed colony for another 
week, I found that the number of the survivor cells neither decreased nor was constant, 
but instead increased. In contrast, the “young” wild-type cells did not show any 
vigorous growth but died off. This suggests that the aged survivor cells have 
competitive growth advantage over the wild-type parent cells. Two mutations in the 
rpoS gene were found in the aged survivor cells. Furthermore, cells isolated from 
colony papillae that appeared on the surface of aging colonies were confirmed to have 
a growth advantage phenotype, while the responsible mutations remain unknown. In 
addition, by testing different temperature conditions for bacterial growth in long-term 
stationary phase, I found that the classical 37 °C is not optimal temperature for 
bacterial survival during long-term stationary phase. Thus, the results of my study will 
provide better understanding of the evolutionary and physiological processes of 
bacterial adaptation during long-term stationary phase. 
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