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Title 

An ADP-ribosyltransferase Alt of bacteriophage T4 negatively regulates the 

Escherichia coli MazF toxin of a toxin–antitoxin module 

(バクテリオファージT4のADPリボジル基転移酵素Altは大腸菌MazFトキシン活性を負に制御する) 

Abstract of Thesis  

 

Prokaryotic toxin–antitoxin (TA) systems are linked to many roles in cell physiology, such as plasmid 

maintenance, stress response, persistence against antibiotics and protection from phage infection, 

and the activities of toxins are tightly regulated. Here, I describe a novel regulatory mechanism for a 

toxin of Escherichia coli TA systems. The MazF toxin of MazE-MazF, which is one of the most 

characterized type II TA systems, was modified immediately after infection with bacteriophage T4. 

Mass spectrometry demonstrated that the molecular weight of this modification was 542 Da, 

corresponding to a mono-ADP-ribosylation. This modification disappeared in cells infected with T4 

phage lacking Alt, which is one of three ADP-ribosyltransferases encoded by T4 phage and is injected 

together with phage DNA upon infection. In vivo and in vitro analyses confirmed that T4 Alt 

ADP-ribosylated MazF at an arginine residue at position 4. Ribonuclease activity assays showed that 

ADP-ribosylation of MazF by Alt resulted in the reduction of MazF RNA cleavage activity in vitro, 

suggesting that it may function to inactivate MazF during T4 infection. Indeed, T4∆alt phage produced 

significantly less progeny per infected cell than wild type T4 phage, however this difference was only 

observable when E. coli cells were infected at early log phase but not during later stages. To 

understand why, I followed the expression of MazE and MazF from early log phase through stationary 

phase. Interestingly, MazE and MazF were highly expressed in early growth stages and gradually 

decreased to unobservable levels under my experimental conditions in later growth stages. This is the 

first example of the chemical modification of an E. coli toxin in TA systems to regulate activity and this 

is the first clue suggesting that MazEF expression is growth stage dependent. 

 




