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ABSTRACT 

The penicillin tolerance of ammo acid-deprived re/A + Escherichia coli is 

attributed to the stringent response. The ~-lactam-induced lysis of amino acid-deprived 

bacteria resulting from relaxation of the stringent response was inhibited by cerulenin, 

or by glycerol deprivation in the case of a gpsA mutant (defective in the biosynthetic sn

glycerol 3-phosphate dehydrogenase) . Therefore, ~-lactam-induced lysis of amino acid

deprived cells was dependent on phospholipid synthesis. Both the priming and the lysis 

induction stages of ~-lactam-induced lysis were shown to require phospholipid synthesis. 

It has been known for some time that phospholipid synthesis is inhibited by the stringent 

reponse. These results indicate that the inhibition of peptidoglycan synthesis and the 

induction of penicillin tolerance during the stringent response are both secondary 

consequences of the inhibition of phospholipid synthesis. 

Direct experimental evidence is presented for the first time indicating that the 

penicillin tolerance of amino acid-deprived E coli was directly attributable to action of 

guanosine 3',5'-bispyrophosphate (ppGpp) and not to some other effect of amino acid 

deprivation . The overproduction of ppGpp resulted in the inhibition of peptidoglycan and 

phospholipid synthesis and in penicillin tolerance . Penicillin tolerance and the inhibition 

of peptidoglycan synthesis were both suppressed when ppGpp accumulation was 

prevented by treatment of the bacteria with chloramphenicol , an inhibitor of ppGpp 

synthetase I activation . Glycerol-3-phosphate acyltransferase, the product of plsB gene, 

was recently identified as the main site of ppGpp inhibition in phospholipid synthesis. 

The overexpression of the cloned plsB gene reversed the penicillin tolerance conferred 

by ppGpp accumulation. This also indicates that the membrane-associated events in 

peptidoglycan metabolism were dependent on ongoing phospholipid synthesis. 

Interestingly , treatment with ~-lactam antibiotics by itself induced re/A -dependent ppGpp 

accumulation , but the maximum levels attained were insufficient to confer penicillin 

tolerance 

It was al so demonstrated that penicillin tolerance was induced when phospholipid 
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synthesis was inhibited in normal growing E. coli . This penicillin tolerance was not the 

result a simple inhibition of growth or a decrease in the membrane levels of individual 

phospholipids (e.g ., acidic phospholipids), but rather the direct result of the inhibition of 

net phospholipid synthesis. 

A number of factors that interfere with ~-lactam-induced lysis were investigated. 

(i) It was demonstrated that de-energization of the E. coli cytoplasmic membrane resulted 

in penicillin tolerance due to the inhibition of both the priming and the lysis induction 

stages. (ii) Inhibition of protein synthesis in the absence of the stringent response 

promoted both the priming and the lysis induction stages resulting in a faster onset of~

lactam-induced lysis . (iii) The temperature sensitivity of ~-lactam-induced lysis in amino 

acid-deprived E. coli was re-investigated . Penicillin tolerance resulting from a temperature 

up-shift was not due to the induction of the heat-shock response, as previously reported, 

but from a reversible inhibition of unidentified thermosensitive enzyme(s) involved in the 

lysis induction stage. 
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