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In nature, bacteria are not frequently found in 
the exponential state of growth. One partic-
ular issue is that the efficacy of antimicrobi-
als, including phages, is always tested against 
bacterial cells at their highest growth rate. The 
majority of bacterial biomass occur in the form 
of a biofilm. Biofilms have a high tolerance to 
antimicrobial agents, mainly, due to the low 
metabolic activity of the biofilm cells and the 
presence of the biofilm matrix. To date, only a 
few staphylococcal phages were shown to be 
efficient against biofilms. In addition, there are 
only two reports of phages capable of success-
fully infecting cells in a low metabolic state. 
In this study, the Staphylococcus epidermid-
is phage SEP1 was used as a model to study 
phage-bacteria interactions. We demonstrat-
ed that besides some interesting features, this 

phage showed a reduced activity against bio-
films. We clearly showed that the biofilm matrix 
was the main factor influencing SEP1 inefficacy 
against biofilms. In addition, SEP1 was shown 
to be highly effective against persister cells, 
biofilm-released cells and stationary-phase 
cells. This rare phenomenon was very recent-
ly studied through an RNA-seq analysis, where 
we demonstrate that SEP1 successfully hijacks 
the transcription machinery of its host, acti-
vating important metabolic and biosynthetic 
processes in stationary cells necessary for its ef-
fective replication. The gathered data provides 
important insights for a better implementation 
of phage therapy, since phages with ability to 
infect stationary cells could be more efficient in 
the treatment of patients with biofilm-related 
chronic infections. 

KEYWORDS: bacteriophages; biofilms; stationary-phase cells; phage/bacteria interactions; RNA-
seq

ACKNOWLEDGEMENTS: This study was supported by the Portuguese Foundation for Science and 
Technology (FCT) under the scope of the strategic funding of UIDB/04469/2020 unit and project 
PTDC/BIA-MIC/2312/2020, and by LABBELS – Associate Laboratory in Biotechnology, Bioengineering 
and Microelectromechanical Systems, LA/P/0029/2020. Ângela França acknowledges funding from 
the FCT through the DL57/2016 program (DL 57/2016/CP1377/CT0032) and Luís D. R. Melo through 
the Scientific Employment Stimulus Program (2021.00221. CEECIND).




