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Uridine 5’-monophosphate (UMP) is one of important substrates in RNA synthesis. In 
Escherichia coli, an enzyme uracil phosphoribosyltransferase (UPRTase) and a protein UraA 
that sits on the cell membrane are involved in the transport of additional uracil in the medium 
and its conversion into UMP.  
 
The uptake of uracil of E. coli is strongly inhibited under conditions such as stress, nutrient 
limitation and amino acids starvation (so-called stringent conditions). Some researchers say 
that the guanosine tetraphosphate (ppGpp), which is a global regulator of gene expression and 
has effect on cell physiology under stringent conditions, inhibits the UPRTase activity and 
down-regulates the uracil uptake in vivo. However, some say ppGpp has no inhibitory effect on 
UPRTase in vitro. Moreover, one study showed that UraA is necessary for uracil uptake at a 
low uracil concentration (about 1µg/ml). The mechanism of uracil uptake under stringent 
conditions becomes more and more abstruse. 
 
In my study, the microbial genetic method “transduction” was used for construction of isogenic 
strains that carried alleles of pyrF, valS or uraA. This involved introducing the desired genes 
with the help of a bacterial virus. Growth experiment were carried out in different media at 
different temperatures was carried out to demonstrate how these E. coli mutants regulated the 
uptake of uracil.  
 
The strain that carried mutation in both genes pyrF and valS required pyrimidines and had a 
temperature sensitive valyl-tRNA synthetase, meaning that its production of ppGpp was 
induced at a higher incubation temperature (≥30℃) and its growth depended on additional 
uracil in the medium. This strain was found to grow more slowly than its 
non-temperature-sensitive parent at a semi-permissive temperature (33.5℃). It seemed that the 
uptake of uracil was partly inhibited when ppGpp supposedly was produced, even though the 
valS mutation itself might have some impact on the growth. As for the uraA mutation, it didn’t 
make a significant change to the uracil uptake when the uracil concentration in the medium was 
higher than 10 µg/ml.    
 
Much evidence indicated that ppGpp has a down-regulating effect on the uptake of exogenous 
uracil and the activity of UPRTase in vivo. However, it is still unknown how ppGpp 
down-regulates uracil uptake or reduces the UPRTase activity, why UPRTase is activated when 
the Mg2+ is in excess in vitro, and why cells need to shut down uracil uptake when starving. 
Thus, the function of UraA in uracil uptake is still unclear. Further studies of the regulation of 
uracil uptake in E. coli and the role of ppGpp in global regulation on gene expression and cell 
physiology are needed!  
 
    
Degree project in Biology, 20 p, 2007 
Examensarbete i biologi, 20 p 
Biology Education Centre, Department of Evolution, Genomics and Systematics, Uppsala University 
Supervisors: Robert Fast and Otto G. Berg 


