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Abstract 
RelA is a ribosome associated multi-domain enzyme, which plays a crucial role in adaptation of 
Escherichia coli to nutritional stress as such as amino acid deficiency. It detects the deficiency of amino 
acids in the cell by monitoring whether a tRNA at the acceptor site (A-site) of the ribosome is charged 
with amino acid or not. When RelA detects uncharged, i.e. deacylated tRNA, it starts to produce 
alarmone guanosine penta- or tetraphosphate, collectively referred to as (p)ppGpp. (p)ppGpp is a 
global metabolism regulator in bacteria. Increase in (p)ppGpp concentration alters crucial metabolic 
processes, such as DNA replication, gene expression, cell wall synthesis and translation. These 
changes also include activation of different virulence factors and are proposed to drive formation of a 
bacterial sub-population that is highly resilient to antibiotic treatment, the so-called persisters. 
For a long time the molecular mechanism of RelA’s activation by and interaction with the ribosome-
deacylated tRNA complex was unknown. Only recently several cryo-EM structures of RelA-ribosome 
complex have shed light on how C-terminal domains of RelA interact with ribosome-deacylated tRNA 
complex. Guided by these structures we investigated the role of RelA’s domains in this interaction by 
constructing a set of RelA C-terminal truncates and subjecting these to biochemical and microbiological 
experimentation. These experiments were complemented with mutations in ribosomal RNA at 
positions that interact with RelA, namely A-site finger and sarcin-ricin loop. 
We have shown that only the full-length wild type RelA can be activated by ribosome-tRNA complex, 
whereas, the set of truncated proteins missing either one, two or three C-terminal domains do not 
respond to the presence of uncharged tRNA in the A-site of the ribosome. However, these truncated 
versions can still be activated by vacant 70S ribosome as well as pppGpp, suggesting that N-terminal 
domain of RelA has an allosteric regulation site for (p)ppGpp and is able to interact with the ribosome. 
The mechanism of this interaction is yet to be elucidated.  
We have shown that A-site finger of the ribosome is required for RelA activation and recruitment to 
the ribosome. Using EMSA assays, we have shown that RelA and deacylated tRNA do not form a stable 
complex off the ribosome. His432 located in TGS domain of RelA is crucial for recognition of deacylated 
tRNA and a mutation of this histidine to glycine abolishes RelA activation by deacylated tRNA. 
Since (p)ppGpp plays an important role in bacterial survival and pathogenicity we have also tested 
several strategies for RelA inhibition by antibiotics, which target ribosomes and the interaction 
between RelA and ribosome-deacylated tRNA complex. We have shown that antibiotic thiostrepton 
inhibits (p)ppGpp synthesis by preventing RelA-tRNA interaction on the ribosome. (p)ppGpp 
production is also inhibited by chloramphenicol and tetracycline. 
 
 
 
Keywords 
Stringent response, RelA, (p)ppGpp, ribosome, tRNA, metabolism regulation, allosteric regulation, 
translation, nutritional stress. 
 

Language  ISBN ISSN  Number of pages 
English  978-91-7601-934-4 0346-6612 52 + 3 papers 


