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Abstract

In the field of microbiology, numerous types of bacteria live dormant to survive stresses
such as pasteurization and antibiotics. Some bacteria become ‘persisters’ by inactivating
their ribosomes, allowing them to ‘sleep’ through stress and revive when the stress has been
removed. Under stress, some cells morph into hollow, lifeless structures known as ‘cell
shells.” In microbiology, these cells have been confused with viable cells in the ‘viable but
non-culturable cells’ phenomenon. Therefore, this review addressed the concept that when
revival occurs, the always-viable persister cells revive, instead of the dead cell husks.
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Fig. 1. Schematic of the ribosome inactivation and activation cycle in persister cells. Innumerable
stress induces RelA/SpoT to produce ppGpp. RaiA, RMF, and Hpf induced by ppGpp each transition
the active 70S ribosome to the inactive 70S ribosome, the inactive 70S ribosome to the inactive
90S ribosome, and the inactive 90S ribosome to the inactive 100S ribosome. Persister cells resusci-
tated when the 100S ribosome into the active 70S ribosome following the decrease in cAMP levels
and increase in Hflx production triggered by the removal of stress. RaiA, ribosome-associated inhi-
bitor A; RMF, ribosome modulation fator; Hpf, ribosome hibernation promoting factor; HfIX, high
frequency of lysogeny X.
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Fig. 2. TEM images of exponential, persisters, and VBNC cells. Exponential cells harvested from
grown Escherichia coli K-12 cells at turbidity at 600 nm of 0.8, persister cells induced rifampicin
treatment, and VBNC cells induced starvation for 5 weeks in saline solution. Ribosomes indicate
each cell's form of ribosomes, either as active 70S particles or hibernated 100S particles. VBNC,
viable but non-culturable cells; TEM, transmission electron microscope.
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