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Abstract 

The pr ob lematic micr obial r esistance to antibiotics has led to an increasing interest in bacterial persistence and its impact on infec- 
tion. Nonetheless, these two mechanisms are often assessed in independent studies, and there is a lack of knowledge about their 
relation or possible interactions, both at cellular and population levels. This work shows evidence that the insertion of the resistance 
gene Chloramphenicol Acetyl Transferase ( cat ) together with its cognate antibiotic c hlor amphenicol (CAM), is capa b le to modulate 
Salmonella Typhimurium persistence to several antibiotics and decrease its survival. This effect is independent of the antibiotics’ 
mechanisms of action or the locus of cat . RelA [p(ppGpp) syntetase] has been shown to be inv olv ed in persistence. It was recently 
proposed that RelA [(p)ppGpp synthetase], binds to uncharged tRNAs, forming RelA.tRNA complexes. These complexes bind to va- 
cant A-sites in the ribosome, and this mechanism is essential for the acti v ation of RelA. In this study, we propose that the antibiotic 
c hlor amphenicol bloc ks the A-site of the ribosome, hindering the binding of RelA.tRNA complexes to the ribosome thus pr ev enting 
the acti v ation of RelA and (p)ppGpp synthesis, with a consequent decrease in the level of persistence of the population. Our discov er y 
that the concomitant use of c hlor amphenicol and other antibiotics in c hlor amphenicol resistant bacteria can decrease the persister 
levels can be the basis of novel therapeutics aiming to decrease the persisters and recalcitrant infections. 

Ke yw ords: persistence, antibiotic resistance, c hlor amphenicol, c hlor amphenicol acetyl tr ansfer ase 
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Introduction 

Persister cells have been gaining increasing attention since they 
wer e discov er ed (Bigger 1944 ). The phenomenon of bacterial per- 
sistence can be defined as the ability of a bacterial subpopula- 
tion to survive in the presence of antimicrobial concentrations 
far above the minimal inhibitory concentration (MIC). Persister 
cells do not employ a mechanism of resistance; instead, they are 
metabolicall y inactiv e and esca pe antibiotic action. When these 
cells are no longer exposed to the antibiotic, they are able to re- 
gro w (Ger des and Maisonneuve 2012 ). 

Persister cells are considered one of the major causes of an- 
tibiotic failure and relapsing infections, leading to the overuse of 
antibiotics and contributing to the emergence of new antibiotic 
resistances (Fisher et al. 2017 ). It is still under discussion whether 
persisters ar e pr eexistent in the population or they are induced 

by exposure to stress. Ho w ever, most of the scientific community 
accepts that they are stochastically formed (Balaban et al. 2019 ).
In the last years, se v er al efforts hav e been made to understand 

the mechanisms that lie behind the onset of persistent bacteria.
To xin–antito xin modules have been shown to play a major role in 

the formation of these cells . T hese modules are composed by a 
toxin that inhibits cell gro wth b y interfering with some essential 
processes in the cell, and an antitoxin that counteracts the ef- 
fect of the toxin until its own degradation by alternative signaling 
mechanisms (Gerdes and Maisonneuve 2012 ). 
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Antibiotic persistence during infection is gaining particular rel- 
 v ance in Salmonella infection r esearc h (Hill and Helaine 2019 ).
almonella enterica ser ov ar Typhim urium is a facultativ e intr acellu-
ar pathogen commonly found in the intestinal lumen that is able
o infect and survive inside host cells (Lhocine et al. 2015 ). This
uccessful pathogen is one of the major causes of non-typhoidal
almonellosis in humans (Canals et al. 2019 ). According to the
DC, Salmonella infections ar e r esponsible for ∼1.35 million ill-
esses , 26 500 hospitalizations , and 420 deaths in the United
tates e v ery year (CDC 2019 ). In the EU, ov er 91 000 salmonellosis
ases ar e r eported eac h year. For these reasons, Salmonella diseases
r e life-thr eatening, and most of them r equir e antibiotic ther a py
Fabrega and Vila 2013 ). Chloramphenicol binds to the ribosomes,
nhibiting protein synthesis, and therefore was commonly used 

or the treatment of severe Salmonella infections. Ho w ever, the
mer gence of m ultidrug-r esistant str ains together with the dis-
o very of no vel antibiotics led to the discontinuation of c hlor am-
henicol usage (Ro w e et al. 1997 ). Fluoroquinolones, a class of an-
ibiotics that inhibit DNA gyrase, turn out to be the first-line an-
ibiotics for salmonellosis treatment, among which ciprofloxacin 

as become one of the most used (Dr esc her et al. 2019 ). In the
ast years, the decrease in ciprofloxacin susceptibility as well as
n increase in the number of resistances have been reported,
nd this was mostly attributed to the indiscriminate usage of flu-
roquinolones (Crump et al. 2015 ). This fact, coupled with the
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ecrease in Salmonella resistance to chloramphenicol caused by its
iscontinuation (Shrestha et al. 2016 , Bhatia et al. 2007 ), is paving
he way to the r eintr oduction of c hlor amphenicol in the treatment
f salmonellosis. 

The genetic bac kgr ound of c hlor amphenicol r esistance was ac-
essed in a collection of S. Typhimurium strains, revealing that
7.5% of these cells harbored the gene c hlor amphenicol acetyl
r ansfer ase ( cat ) (Nógr ády et al. 2005 ). This gene encodes for a
acterial enzyme that detoxifies c hlor amphenicol conferring re-
istance to it. More specifically, the mechanism of action of this
nzyme is based on the covalent attachment of an acetyl group
rom acetyl-CoA to chloramphenicol. The acetylation prevents the
ntibiotic from binding to the A-site of the ribosome, allowing
r otein synthesis. Chlor amphenicol acetyl tr ansfer ase is also of-
en used as a selection marker in current genetic transformations
Shaw 1983 ). 

The pr esent r eport r e v eals an unkno wn connection betw een
he expression of cat , the antibiotic chloramphenicol, and persis-
ence of S. Typhimurium populations exposed to different antibi-
tics , including fluoroquinolones . 

aterials and methods 

acterial strains and oligonucleotides 

ll the strains used in this study are listed in Supplementary Table
1 and are isogenic of S. Typhimurium SL1344. Strains were stored
t −80 ◦C in Luria Bertani broth (LB) supplemented with 10% (v/v)
f gl ycer ol and DMSO. Str ain CMA667 was obtained by excising the
at gene from strain CMA820 using recombination with plasmid
CP20 (Cherepanov and Wackernagel 1995 ). The oligonucleotides
sed in this work were synthesized by STAB Vida and are listed in
upplementary Table S1 . 

acterial growth conditions 

almonella Typhimurium was cultivated in Luria Bertani broth
t 37 ◦C and 220 rpm unless otherwise stated. When a ppr opri-
te, antibiotics were used in the following concentrations: 25 μg
l −1 c hlor amphenicol, 0.3125 μg ml −1 cipr ofloxacin, 1.25 μg ml −1 

floxacin, and 3.75 μg ml −1 cefotaxime. 

inimum inhibitory concentr a tion 

etermination 

etermination of MIC was performed by the microdilution
ethod using 96-well r ound-bottom micr otiter plates and bac-

erial suspensions pr epar ed in LB br oth adjusted to a final 1 ×
0 6 CFU ml −1 . In each well, 100 μl of fresh medium with in-
reasing antibiotic concentrations were introduced and 100 μl
f bacterial suspension were added, reaching a final concen-
ration of 5 × 10 5 CFU ml −1 . Microtiter plates were incubated
t 37 ◦C for 18 h, and the OD 600 was measured in a Spectra-
ax Plus 384 micr oplate r eader (Molecular De vices). MIC was

ecorded as the lowest concentr ation, wher e no gr owth was
etected. 

ersistence determination 

v ernight cultur es wer e diluted to an OD 600 of 0.1 in fresh
edium and grown until an OD 600 of 0.4. At this time, a sam-

le was taken to determine the number of CFUs prior to expo-
ure to antibiotics. In the next step, the selected antimicrobial
 as added. Samples w ere taken after 2, 4, and 6 h of exposure for
etermination of CFUs . T he experimental design is r epr esented

n Fig. 7 . 
N A extr action 

v ernight cultur es wer e diluted to an OD 600 of 0.1 in fresh LB
nd grown until the indicated cell densities (growth conditions
re detailed in the respective figure legends). Culture samples
ere collected, mixed with stop solution (10 mM Tris pH 7.2,
5 mM NaNO 3 , 5 mM MgCl 2 , 500 μg ml −1 c hlor amphenicol) in
 proportion of 1:1, and harvested by centrifugation (10 min, 6
00 g, 4 ◦C). RN A w as isolated using the phenol/c hlor oform ex-
r action method, pr ecipitated with isopr opanol, and r esuspended
n RNase-free water (Viegas et al. 2007 ). RN A w as quantified in
 Nanodrop 1000 machine (NanoDrop Technologies), and its in-
egrity was confirmed by running the samples in a 1.5% Agarose
el. 

orthern blot 
or northern blot analysis, total RN A w as separated under de-
aturing conditions by 8.3 M urea/6% polyacrylamide gel in TBE

Tris/Borate/EDT A) buffer . Transfer of RNA onto Hybond-N 

+ mem-
r anes (GE Healthcar e) w as performed b y electroblotting in TAE

Tris/acetic acid/EDT A) buffer . RN A w as UV cross-linked to the
embr anes immediatel y after tr ansfer. Membr anes wer e then hy-

ridized with PerfectHyb buffer (Sigma) at 68 ◦C. Signals were visu-
lized by PhosphorImaging (Fujifilm FLA-5100, FUJIFILM Life Sci-
nce) and analyzed and quantified using ImageQuant software
Molecular Dynamics). 

ybridization probe 

abeling of the riboprobe was performed according to the method
r e viousl y described (Viegas et al. 2007 ). The riboprobe was ob-
ained using the primer pair C ATFORW/C ATREVT7 that can be
ound in Supplementary Table S2 . 

ta tistical anal ysis 

 statistical analysis was conducted recurring to a model of
Kruskal-Wallis test” of Gr a phP ad Prism 6 softwar e. Differ ences
etween means were considered statistically significant for P -
alues ≤ 0.05. 

esults 

hloramphenicol affects the level of persistence 

o fluoroquinolones 

he existence of persister cells in a population can be easily de-
ected by the typical biphasic curve observed when bacterial cul-
ur es ar e exposed to antibiotics . T he first part of the curv e r epr e-
ents the majority of the population that is killed by the antibiotic,
hile the second part r epr esents the small fraction of the popula-

ion that remains viable in time (Harms et al. 2016 ). Due to the ex-
ensive use of fluoroquinolones in salmonellosis therapy (Cuypers
t al. 2018 ), we have tested Salmonella persistence in the presence
f ciprofloxacin and ofloxacin. Minimum inhibitory concentra-
ions (MIC) for these antibiotics w ere determined. Accor ding to the

inim um concentr ation necessary to r eac h a plateau in killing
urves , we ha ve used a dosage between 10 × and 30 × the MIC for
hese assays (Table 1 ). For this, we used two isogenic Salmonella
yphimurium SL1344 strains: in the first one, a chloramphenicol-
esistance cassette ( cat + ) was inserted in the locus of the previ-
usly deleted bolA gene (STM0446). The second strain was used as
 control, to make sure that the absence of bolA was not influenc-
ng our results. For that, we used a bolA mutant strain in which
he resistance cassette for chloramphenicol was removed ( cat −). 

https://academic.oup.com/femsml/article-lookup/doi/10.1093/femsml/uqad034#supplementary-data
https://academic.oup.com/femsml/article-lookup/doi/10.1093/femsml/uqad034#supplementary-data
https://academic.oup.com/femsml/article-lookup/doi/10.1093/femsml/uqad034#supplementary-data
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Figure 1. S. Typhimurium killing curve in the presence of ciprofloxacin (A) and ofloxacin (B) measured in a chloramphenicol-susceptible ( cat −) and in a 
c hlor amphenicol-r esistant ( cat + ) strain in the presence or absence of chloramphenicol. The arrows indicate the time of antibiotic addition. These 
r esults wer e obtained fr om at least thr ee independent assa ys . 

Figure 2. S. Typhimurium killing curve in the presence of ciprofloxacin (A) and ofloxacin (B) measured in chloramphenicol-susceptible (IR cat −) and 
c hlor amphenicol-r esistant (IR cat + ) strains in the presence or absence of chloramphenicol. The arrows indicate the time of antibiotic addition. Results 
obtained from at least three independent assa ys . 

Figure 3. (A) —Survival to cefotaxime measured in chloramphenicol-susceptible ( cat −) and chloramphenicol-resistant ( cat + ) strain in the presence or 
absence of c hlor amphenicol. (B) —Same experiment done in A using strains IR cat − and IR cat + . The arrows indicate the time of antibiotic addition. 
Results obtained from at least three independent assa ys . 

Table 1. MIC of the antibiotics used in this study determined for 
S. Typhimurium SL1344 and the respective concentration used for 
persistence assa ys . 

Antibiotic MIC ( μg ml −1 ) 

Concentr a tion used for 
persistence determination 

( μg ml −1 ) 

Ciprofloxacin 0.031 0.312 
Ofloxacin 0.125 1.25 
Cefotaxime 0.125 3.75 
Chloramphenicol 4 25 
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The S. Typhimurium population was reduced in at least 2 log 
of viability upon addition of both ciprofloxacin and ofloxacin.
Accordingly, the antibiotics exhibited good activity against this 
pathogen. In case of cipr ofloxacin, the pr esence of cat gene ( cat + ) 
as associated with a lower le v el of persisters when comparing
ith the cat − strain. In the case of ofloxacin the le v el of persister

ells was similar in both strains. We also evaluated the response
f the strain cat + in the presence of chloramphenicol (CAM) added
rom the beginning of the gr owth. Inter estingl y, for the str ain har-
oring the cat , a higher reduction in viability (3 log) could be
bserved with both antibiotics when c hlor amphenicol was also
resent in the medium. The results obtained can be found in
ig. 1 A and B. 

ersistence is not affected by the locus of cat 
n order to test if the differences observed in persistence were
elated with the insertion locus of c hlor amphenicol-r esistance
assette , we ha v e used a str ain in whic h the cat gene was in-
erted in an intergenic region (IR) (Silva et al. 2013 ) (Fig. 2 A
nd B). 
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F igure 4. Gro wth curves determined by colony former units for cat −, cat + , and cat + + c hlor amphenicol. The r esults wer e obtained fr om two 
independent assa ys . 

Figure 5. Effect of c hlor amphenicol on the expression of cat transcript. Total cellular RNA was extracted from the cat + strain grown in LB at 37 ◦C until 
OD 600 of 0.5 (Exp) and 2 h after OD 600 of 0.5 in the absence (Exp + 2 h) and presence (Exp + 2 h + ciprofloxacin) of ciprofloxacin. The expression levels 
of cat mRNA were determined by Northern blot using 15 μg of total RNA separated in a 6% PAA gel. Membranes were probed for tmRNA as a loading 
control. The amount of RNA in the strains grown without chloramphenicol is represented in a bar with oblique lines and was set as one (control). The 
ratio between the RNA amount of each strain and control is represented in a gray bar (relative levels). A re presentati ve membrane is shown, and 
values indicated correspond to the average of five northern blot experiments using RNAs from five independent extractions ∗( P -value ≤ 0.05). 

F igure 6. (A) —RelA.tRN A complex binds to the A-site of the ribosome activating RelA’s (p)ppGpp synthetic activity leading to persisters formation. 
(B) —Chloramphenicol binds to the A-site of the ribosome preventing the activation of RelA and decreasing the formation of persisters. 
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Figure 7. Sc hematic r epr esentation of bacterial persistence determination. 

 

 

 

 

Ta ble 2. Gro wth rates determined by colony former units for cat −, 
cat + , and cat + + c hlor amphenicol. 

Allele Gro wth r a te ( μ h −1 ) 

cat − 1 .17 
cat + 1 .22 
cat + + c hlor amphenicol 1 .10 

The results were obtained from two independent assa ys . 
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As presented in Fig. 2 , changing the location of cat in the 
genome did not cause significant differences in the le v els of 
Salmonella persistence . Moreo ver, there was also a reduction of 
persister cells when c hlor amphenicol was present in the medium 

with both ciprofloxacin and ofloxacin. 

Chloramphenicol influences bacterial persistence 

to different classes of antibiotics 

To investigate whether chloramphenicol also influences bacterial 
persistence upon exposure to antibiotics with different mecha- 
nisms of action, we have measured the survival of the strains in 

response to cefotaxime, an antibiotic that acts on the cell wall. As 
observ ed for fluor oquinolones, cefotaxime exhibited good activity 
a gainst S. Typhim urium. The population was r educed in at least 2 
logs of viability. Again, a higher reduction in viability (3 logs) was 
observed when chloramphenicol was also present in the medium.
The same effect was obtained independently of cat insertion locus 
(Fig. 3 A and B). 

Bacterial fitness is not affected by cat 
It was pr e viousl y highlighted the existence of a strict relation be- 
tween persistence and fitness of bacterial populations (Hong et 
al. 2012 ). The authors presented evidence supporting that persis- 
tence increases as environmental fitness decreases. For this rea- 
son, we hypothesized that the fitness of the strains carrying the 
cat gene could be different from the others, thus explaining the 
differ ences pr e viousl y observ ed (Fig. 1 ). To access this, we con- 
ducted an experiment in which the colony former units of each 

str ain wer e measur ed during its gr owth in Luria Bertani (LB) br oth.
The cat − exhibited a growth rate very similar to that of cat + both 

in the presence or absence of chloramphenicol (Table 2 ). More- 
ov er, the str ains r e v ealed a v ery similar gr owth pr ofile r eac hing
the se v er al sta ges of gr owth at the same time (Fig. 4 ). Ther efor e,
the fitness obtained was similar for all the strains and conditions 
used. 
he expression of cat is affected by 

hloramphenicol and cipr oflo xacin and it is 

ependent on the growth phase 

he expression of genes that confer resistance to antibiotics are
nown to be tightly regulated, being in some cases, dependent on
he presence of the cognate antibiotic (Mak et al. 2014 ). In order to
nvestigate the influence of chloramphenicol in the expression of 
he cat gene, we have quantified the transcription levels of cat in
he cat + strain in the presence or absence of c hlor amphenicol in
xponential phase of growth. The results sho w ed that there were
o significativ e differ ences in cat mRNA expr ession. Howe v er, fol-

owing 2 h of growth in both conditions, the expression of the cat
ranscript was higher when the bacteria were exposed to c hlor am-
henicol. Inter estingl y, when cipr ofloxacin was also present in the
edia the transcription levels of cat mRN A w ere not significantly

ffected (Fig. 5 ). 

iscussion 

n the last years, bacterial persisters have been gaining recog- 
ition, since man y r ecalcitr ant infections ar e associated with
acterial persistence (Fisher et al. 2017 , Helaine and Kugelberg
014 ). Ho w e v er, not m uc h is kno wn regar ding the relation be-
ween persistence and resistance, both at cellular and population 

e v els. 
Our data indicate that the insertion of the cat gene in the

. Typhimurium genome together with its cognate antibiotic,
 hlor amphenicol, decr eases the persistence le v els of the popu-



6 | microLife , 2023, Vol. 4 

l  

i  

e  

T  

r  

s  

o  

s  

v  

e  

m  

i  

s  

o  

a
 

i  

e  

t  

t  

w
 

c  

T  

g  

s  

e  

s  

t  

o  

t
 

s  

t  

t  

c  

c  

p  

e  

c  

e  

p  

t  

c
 

a  

c  

m  

(  

2  

i  

t  

t  

b  

t  

m  

2
 

c  

m  

(  

w  

t  

t  

(
 

t  

t  

t  

m  

p  

s  

b  

r  

p  

n  

d  

s  

t  

s  

i  

t  

i  

e  

c  

c  

O  

o  

c  

a

A
T  

d

S
S

C

F
T  

a  

[  

A  

P  

p  

w  

S

R
B  

B  

 

B  

B  

 

ation to different antibiotics. At the beginning of this study, we
ntended to test persistence to fluoroquinolones since they are
xtensiv el y used for Salmonella treatment (Cuypers et al. 2018 ).
his class of antibiotics act based on the inhibition of DNA gy-
ase, a bacterial enzyme that belongs to a class known as topoi-
omerases. It is involved in the control of topological transitions
f DNA, introducing negative supercoils into closed-circle double-
tranded DNA (Reece and Maxwell 1991 ). Later, we have also in-
estigated the effect of cefotaxime, an antibiotic with a differ-
nt mechanism of action, in Salmonella persistence. Ho w e v er, the
echanism of action of cefotaxime affects the cell wall. Interest-

ngl y, the r esults consistentl y sho w ed a decrease of Salmonella per-
istence with both classes of antibiotics, meaning that the results
btained with c hlor amphenicol ar e not dependent on the mec h-
nism of action of the antibiotics. 

When working with insertions of foreign genes in an organism,
t is always a concern that the construction itself may cause an
ffect in the cell rather than the gene. Since cat was inserted in
he locus of the bolA gene, the location of cat was moved to an in-
er genic r egion. The r esults sho w ed the same effect in persistence
as observed independently of the locus (Fig. 2 A and B). 
Hong and colleagues reported that bacterial persistence in-

r eases as envir onmental fitness decr eases (Hong et al. 2012 ).
her efor e, it would be expected that the strain carrying the cat
ene would have a higher fitness both in the presence and ab-
ence of c hlor amphenicol in the medium. Contr aril y to what was
xpected, the str ain cat + pr esented an envir onmental fitness v ery
imilar to the cat −. In fact, the mec hanisms involv ed in the con-
rol of bacterial persistence are diverse (Harms et al. 2016 ), and
ther factors than fitness could be causing the decrease in persis-
er cells. 

In order to gain additional insights about what could be pos-
ibl y ha ppening during the persistent state, we have quantified
he expression of cat transcript using cat + strain. The quantifica-
ion r e v ealed that 2 h after exponential phase (early stationary),
at transcript is significantly more expressed when chlorampheni-
ol is present in the medium. Ho w e v er, when cells wer e also ex-
osed to ciprofloxacin (persistence state), a decreased cat mRNA
xpr ession is observ ed, when compar ed to the control without
ipr ofloxacin ( P -v alue ≤ 0.05). It could be that the decr eased cat
xpression with ciprofloxacin could be causing a loss of chloram-
henicol resistance and somehow lead to a decrease in the persis-
er le v els. Ho w e v er, e v en with a lo w er cat expression, the bacteria
ould still survive to chloramphenicol. 

To xin–antito xin (TA) modules have been extensively described
s mechanisms that explain the formation of bacterial persister
ells. Guanosine tetr a phosphate (ppGpp) is a str ess-r esponse alar-
one, whose le v els ar e contr olled by the RelA–SpoT Homologs

RSH), a highl y conserv ed famil y of pr oteins (Ronneau and Hallez
019 ). ppGpp has a crucial role in the regulation of se v er al activ-
ties in the cell (Kundra et al. 2020 ), and it is synthesized in sta-
ionary phase of growth, in response to stress or nutrient deple-
ion. It is not essential for persistence (Chowdhury et al. 2016 ),
ut the most accepted models that curr entl y explain the forma-
ion of bacterial persisters point to ppGpp as the responsible alar-

one that triggers the formation of persisters (Song and Wood
020 , Winther et al. 2018 ). 

Despite the div er gence of r esults in studies that address the
 hlor amphenicol inter action with the ribosome, they are unani-
ous that c hlor amphenicol binds to the A-site of the ribosome

Bulkley et al. 2010 ). Winther et al. ( 2018 ) proposed a model by
hich RelA, the (p)ppGpp synthetase, interacts with uncharged

RNAs and that this RelA.tRNA complex binds to the A-site of
he ribosome . T his process is essential for the activation of RelA’s
p)ppGpp synthetic activity. 

The w ell-kno wn heterogeneity of bacterial populations implies
hat in a susceptible population, there is always a small frac-
ion of bacteria that can survive to an antibiotic due to persis-
ence , tolerance , or even spontaneous mutations . T he opposite

ust also be true. When considering a chloramphenicol-resistant
opulation being treated with chloramphenicol, it would not be
urprising that some of their ribosomes would still be affected
y the antibiotic. In fact, in order to e v ery ribosome esca pe c hlo-
amphenicol action, it would be required that 100% of c hlor am-
henicol molecules were acetylated, which is a very unlikely sce-
ario. A fraction of bacteria that survive the antibiotic can un-
ergo some residual cell division during the initial period after the
tart of the tr eatment. Some c hlor amphenicol molecules can bind
o their ribosomes, resulting in an ov er all r eduction of CFUs. De-
pite this, we belie v e that the population has a significant part of
ts ribosome A-sites blocked by c hlor amphenicol, thus hampering
he activation of RelA and reducing the persistence levels. Taking
nto account our results, we propose a model, in which in pres-
nce of c hlor amphenicol, the tRNA.RelA complexes compete with
 hlor amphenicol for the A-site of the ribosome leading to a de-
reased ppGpp synthesis and therefore lo w er persistence (Fig. 6 ).
ur discovery that the concomitant use of c hlor amphenicol and
ther antibiotics in c hlor amphenicol-r esistant bacteria can de-
rease the persister levels can be the basis of novel therapeutics
iming to decrease the persisters and recalcitrant infections. 
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