
Abstract. Background: One major microbiological problem
is the widespread antibiotic resistance. There is an urgent
need for new antibiotics and ways to treat multi-drug-
resistant infections. Inhibition of bacterial quorum sensing
(QS) systems could be an effective alternative in a smuch as
they regulate a broad spectrum of cell functions, including,
virulence factor production, biofilm organisation and
motility. Influx and efflux bacterial systems involved in
quorum sensing (QS) are known to depend on the proton
motive force (PMF). Thus, a new series of 12 trifluoromethyl
ketones (TFs) known to inhibit the PMF, was investigated for
effects on the efflux pump of a QS responding bacterium, for
its subsequent effect on the response to a QS signal and its
direct inhibition of the response to a QS signal. Materials
and Methods: Chromobacterium violaceum 026 (CV026)
was used as the indicator strain to evaluate the QS inhibitory
effect of TFs. This strain responds to the presence of short
carbon chain acyl-homoserine lactones (AHLs) by the
development of a purple pigment. Effect on the QS response
of CV026 to externally added AHLs was evaluated. In
addition, the specific activity of the TFs on the efflux pump
system of the CV026 strain and a wild-type Escherichia coli
strain was assessed with the aid of the automated real-time

ethidium bromide method. Results: From the 12 compounds,
6 proved to be effective inhibitors of the QS response by
CV026, as well as inhibit the efflux pumps of CV026 and
Escherichia coli. Conclusion: Our results show that TFs have
QS inhibitory properties that are mediated through their
inhibition of efflux pumps that extrude the noxious QS signal
before it reaches its intended target. Because the TFs also
inhibit the efflux pump of a pathogenic bacterium, the
method used for the evaluation of the TFs in the current
study has clinical relevance and may be exploited for the
prevention of QS responses of infecting bacteria.

The antimicrobial and antimotility effects of 30 trifluoromethyl
ketones (TFs) on various bacterial species have already been
studied (1-5). Some of these TFs only inhibit the growth of
various Gram-positive bacteria, while others exhibit
antimicrobial activity against Gram-negative bacteria and
yeasts. The combination of certain derivatives of TFs with
promethazine results in a synergistic antibacterial effect (1). 

TFs at subinhibitory concentrations inhibit the motility of
Proteus vulgaris. Detailed analysis demonstrated that the
proportion of mobile bacterial cells is reduced (2),
suggesting that the action of TFs at concentrations that have
no effect on the viability of the studied bacteria involves the
inhibition of an energy source upon which flagellae depend
for their action, namely, the proton motive force (PMF) (2). 

Quorum sensing (QS) signal systems regulate a broad
spectrum of cell functions in bacterial populations (6-8).
Among the functions that depend or interact with QS is the
secretion of biofilms. Bacteria whose main efflux pump has
been deactivated or deleted are deficient in the secretion of
QS signals (9) as well as production of biofilm (10). Efflux
pumps of the resistance nodulation division (RND) family of
transporters, depend upon the energy provided by the PMF
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for effective function (11, 12). These efflux pumps extrude
noxious agents that penetrate the outer cell wall of the
organism prior to reaching their intended targets (13). QS
signals that are produced by one species for the inhibition of
growth of a competing bacterial species can be considered
noxious agents; consequently one would expect that
compounds shown to inhibit access to energy provided by
the PMF would have a negative effect on the main efflux
pump of the responding competitor and hence the response
to a QS signal such as N-acyl homoserine lactone (AHL)
would be negatively affected. Since TFs have been shown to
affect access to energy provided by the PMF (5) we have
been studying the effects of a series of 12 systematically
synthesized TFs (1-12) (Table I) on the QS signal system.
This study evaluated the effect of 12 TFs on the expression
of the AHL-mediated signal in a system containing the
environmental member Sphingomonas sp. Ezf 10-17 strain,
as producer of AHL and the Chromobacterium violaceum
CV026 as the responding sensor to AHL. Since the effects
of the TFs on the QS system by the former system do not
distinguish an effect on the producer versus the responder,
the effects of the TFs on the responder were directly assessed
by combinations of pure commercial N-Hexanoyl-DL-
homoserine lactone AHLs and each TF. In addition, we have
studied the effects of the TFs on the activity of the efflux
pumps of the QS-responding CV026 strain, as well as on the
efflux pump system of Escherichia coli, in order to
determine the role that an efflux pump system might play in
the response to a QS signal.

Materials and Methods

Chemicals. Eleven TFs (1-9, 11 and 12) were synthesized by
reaction of the corresponding 2-methylbenzazoles with
trifluoroacetic or chlorodifluoroacetic anhydride (14). Compound
10 was prepared by treatment of 2-lithiomethylbenzoxazole with
ethyl acetate (15, 16). N-Hexanoyl-DL-homoserine lactone was
purchased from Sigma (Budapest, Hungary). TFs were dissolved in,
dimethyl sulfoxide (DMSO).

The structures of the TFs are presented in Figure 1. Ethidium
bromide and thioridazine were purchased from Sigma (Madrid, Spain). 

Bacterial strains. Chromobacterium violaceum is a common
bacterium which lives in soil and water. When it attains a high cell
density, it produces a purple pigment called violacein (17). The C.
violaceum CV026 used as a sensor strain to study the effect of TFs
on QS is a Tn5 mutant that cannot synthesize AHLs; it produces the
purple pigment only in the presence of externally added inducers
(18). This strain has been used to detect a wide range of short-chain
AHL molecules and QS inhibitors (19-21). Ezf 10-17 was isolated
from a grapevine crown gall tumor. This strain induced pigment
production by CV026 and proved to be efficient to study QS
interactions (22). Escherichia coli wild-type AG100 [argE3 thi-1
rpsL xyl mtl (gal-uvrB) supE44] was employed for the
determination of effects of TFs on the activity of the intrinsic efflux
pump of this organism (13).
Medium. A modified LB agar containing yeast extract 5 g, trypton
10 g, NaCl 10 g, K2HPO4 1 g, MgSO4•7H2O 0.3 g and FeNaEDTA
36 mg in 1.0 liter of distilled water was used to study the effect of
TFs of QS. Ezf 10-17 was grown on potato dextrose agar (PDA) to
prepare signal compounds. E. coli was cultured on Mueller-Hinton
broth (MHB) and colonies isolated on Mueller-Hinton agar (MHA)
purchased in powder form from Sigma (Madrid, Spain).
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Figure 1. Structures of trifluoromethyl ketones investigated in this study.

Table I. Inhibitory effects of the (TFs) on (QS) and the growth of
producing and QS sensor bacterial strains, after 24 hours of incubation.
The extent of the colourless zone indicates the inhibitory effect of the
given compound on QS signal transmission.

TF MIC (μg/ml) Extent of QS 
inhibition [zone of 

CV026 EZF 10-17 discolouration)   
at 20 μg/disc (mm)]

1 50 25 26
2 12.5 25 28
3 12.5 12.5 30
4 50 50 20
5 50 50 16
6 >200 >200 0
7 >200 >200 0
8 >200 >200 0
9 50 25 29

10 >200 >200 0
11 >200 >200 0
12 >200 >200 0

CV026: Chromobacterium violaceum 026.
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Taxonomic identification of Ezf10-17 and analysis of its AHL
production. The V3 region of 16S rDNA from Ezf 10-17 was
amplified using the forward primer (5’-ACTCCTACGGGAGGCA
GCAG-3’) and reverse primer (5’-ATTACCGCGGCTGCTGG-3’) and
sequenced. Sequence data were compared and analysed by BLAST
against the published 16S V3 sequences available in the database.

The AHLs from the liquid culture of Ezf 10-17 were extracted and
concentrated by using acidified ethyl acetate liquid-liquid extraction.
The purified AHLs were analysed using thin layer chromatography
(TLC) overlaid with C. violaceum CV026 biosensor strain.

Evaluation of the effect of TFs on the response by CV026 to AHL.
Isolated colonies of the AHL-responding CV026 were plated
directly as a 6 to 7 cm line on the surface of the modified LB agar.
One microlitre of solution containing 5 or 10 ng of N-Hexanoyl-DL-
homoserine lactone AHLs was mixed with 10 μl of the stock 
(2 mg/ml or 0.4 mg/ml) solution of the potential QS inhibitor TF
compound. Filter paper discs (7.0 mm in diameter) were
impregnated with 11 μl of the mixture of different concentrations
of each TF and AHL, and the disks were placed on the inoculated
line of the CV026 sensor strain (18). For sets of assays that aimed
to evaluate the interaction between AHL and each TF, blank filter
disks were separately impregnated with 11 μl of AHL alone, with
11 μl each of the TFs alone, and with 11 μl of DMSO, the latter
serving as an absolute control. The plates were incubated at room
temperature (ca. 20˚C) for 24-48 hs.

Minimum inhibitory concentration (MIC) of each TF on CV026 and
E. coli AG100. The MIC of TFs was determined by the broth
dilution method according to Clinical and Laboratory Standards
Institute (CLSI) guidelines (23).

Assessment of the effects of each TF on the activity of the efflux
pump systems of CV026 and Escherichia coli AG100. The activity of
the TFs on the real-time accumulation of ethidium bromide (EB)
was assessed by the automated EB method, previously described in
detail (24), using the Rotor-Gene 3000™ thermocycler with real-
time analysis software (Corbett Research, Sydney, NSW, Australia).
Briefly, E. coli AG100 was cultured in MHB medium until the
culture reached an optical density (OD) of 0.6 at 600 nm, the culture
was then centrifuged at 13,000 rpm for 3 min, the pellets were re-
suspended in phosphate-buffered saline (PBS; pH 7.4) with a final
concentration of glucose of 0.4% and the OD adjusted to 0.6 at 600
nm. Aliquots of 45 μl of the cell suspension were distributed to 0.2
ml tubes. The TFs were individually added at concentrations equal
to half their MIC against the strain in 5 μl volumes of their stock
solutions, and finally 45 μl of EB to yield a final concentration of 1
mg/l (Sigma-Aldrich) in PBS, with and without glucose, were
added. Note that the selection of a concentration of each TF at half
its MIC is due to the empirical fact that at this concentration there
is no significant effect on the viability of the organism (24, 25). It is
also important to note that prior to the experiments described, the
maximum concentration of EB which was within the capacity of the
bacterium to extrude, was determined at least three times. For the
wild-type E. coli AG100 reference and the CV026 strains employed
in the study, these concentrations of EB were determined to be 1
and 0.5 mg/l, respectively (13, 24, 25). The tubes were placed into
a Rotor-Gene 3000TM thermocycler and the fluorescence monitored
on a real-time basis. From the real-time data, the activity of the TF,
namely the relative final fluorescence (RFF) of the last time point

(minute 30) of the EB accumulation assay was calculated according
to the formula:

RFtreated-RFuntreated
RFF =

RFuntreated

Where RFtreated is the relative fluorescence at the last time point of
the EB retention curve in the presence of an inhibitor, and RFuntreated
is the relative fluorescence at the last time point of the EB retention
curve of the untreated control. The greater the difference between
RFtreated and RFuntreated, the greater the degree of EB accumulated
and, therefore, the greater the degree of inhibition of the efflux
pump system of the bacterium promoted by the agent at that
concentration.

The RFF was then divided by the concentration of the TF that
corresponded to half its MIC. This yielded a measure of the effect of
each TF at a milligram level (specific activity) and therefore
afforded comparison of each TF for activity against the efflux pump
systems of the CV026 and E. coli AG100 strains. The experiments
were repeated three times and the specific activity values presented
are the average of three independent assays. This method of analysis
has been previously presented (26). Thioridazine (TZ) an efflux
pump inhibitor (12), was used as as a positive control. 

Results

In our previous studies, the unidentified grapevine tumor
isolate Ezf 10-17 proved to be an inducer of violacein
production by C. violaceum CV026. Thus, this pair of
inducer/sensor strains was successfully used to study
potential QS inhibitors (21) (Figure 2). To identify Ezf 10-
17, we sequenced the V3 region of 16S rDNA gene from its
genome. Comparing the sequence data to those found in
databases, this strain proved to be a member of the
Sphingomonadaceae family.

Signal production of Ezf 10-17 was analysed by TLC
overlaid with C. violaceum CV026. As compared to the
standard AHLs, Ezf 10-17 produces a strong signal that co-
migrates with 3-oxo-C6 AHL. Additionally, weaker signals
which seem to be identical with C6 AHL, 3-oxo-C8 AHL
and C8 AHL were also observed (Figure 3). These data
support our earlier observations on the suitability of Ezf 10-
17 in QS assays with C. violaceum CV026 (21). 

In order for an agent to be correctly evaluated for effects
on a QS system whose intensity of colour is dependent upon
the growth of the producer of the QS signal and the growth
of the responding bacterium, the concentration of the agent
that is to provide meaningful interpretation, must be one that
does not affect the viability of either bacterium. As
summarized in Table I, various TFs have antimicrobial
activities against the producer and responding bacteria.
Consequently, the amounts of TFs selected for the evaluation
of effects on the QS system were at or below those that had
no effect on the growth of either species. Because of space
limitation, the range of effects of the TFs on the QS system



cannot be pictorially presented. Rather, the effects are
presented in Figure 4 and Table II. Briefly, TF 5 had the least
inhibitory effect (deep colour associated with the responder
CV026) and TF 3 had the greatest inhibitory effect on the
response of the CV026. The effect of the TFs on the QS
system is clearly inhibitory. Whether the effect is due to the
TF inhibiting the release of the QS signal or to the inhibition
of the response of the responding species cannot be
distinguished from the above evaluation. 

The direct effects of each TF on the QS response by CV026
was determined with the use of disks impregnated with
combinations of a constant amount of the AHL and differing
amounts of TF. As evident from the example provided in
Figure 5, whereas the disks with TF alone (Figure 5A) do not
produce the purple colour associated with CV026, the
presence of pure AHL in the disk led to the production of the
deep purple colour associated with CV026 (Figure 5B). The
presence of the TF that inhibited the production of colour in
the QS assay described, when in combination with the AHL,
inhibits the production of the purple colour by the responding
CV026 (Figure 5C). These results clearly show that the TF has
a powerful inhibitory effect on the QS responding strain.
However, the question of whether the same TF can inhibit the
secretion of the QS signal by the producer species remains

unanswered. The activity of each TF at half its MIC on the
efflux pump system of the CV026 is exemplified by Figure 6.
The data presented on those figures suggest that all of the TFs
have activity against the efflux pump of CV026. However,
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Figure 2. The quorum sensing response of CV026 to the presence of the
(AHL) producer Ezf 10-17. A: CV026 responder strain alone. B: CV026
responder strain (right) with Ezf 10-17 AHL producer strain (left). The
deep colour associated with the responder strain CV026 was found only
when CV026 was cultured in parallel with the AHL producer Ezf 10-17.

Figure 3. Detection of N-acyl-homoserine lactones (AHL) from Ezf 10-17.
Pure, commercial AHLs (lanes 1-4) and purified AHL produced by Ezf 10-
17 (lane 5) isolated by thin layer chromatography. The plate overlaid with
the responder CV026. The application of varying concentrations of pure
commerical AHLs provide standards of the degree of response (intensity
of colour). EZF 10-17 AHL extracts were prepared with acidified ethyl
acetate of re-suspended 4-day old cultures of EzF 10-17 grown on potato
dextrose agar.

Figure 4. The length and intensity of the purple colouration induced by
10 ng AHL/disc on Chromobacterium violaceum 026, after 24-hour
incubation in the presence of TFs applied at 20 μg/disc. The effective
inhibitors reduce the length and intensity of the purple colouration. The
scale indicates an increasing intensity of colouration. A lower colour
intensity means higher inhibition of QS. –, No coloration; +, white-
purple; ++, palepurple; +++, purple; ++++, darkpurple.



because the concentrations of TFs used in the assay were half
of their MICs, and the MICs of the TFs against the strain
differed significantly, the activities presented in Figure 6 do
not permit a comparison of the activities between TFs.
However, calculation of the specific activity of each TF by the
formula for RFF presented in the Materials and Methods
section affords a comparison, and these data are presented in
Table III. Briefly, the activity of the positive control
thioridazine was 1.02. Comparison of the activity of each
relative to the positive control, TFs 2 and 3 have the greatest
activity against the efflux pump system of CV026; TFs 1, 4, 5
and 9 have significant activity; and, TFs 7, 8, 10, 11 and 12
have no activity. The demonstrations that the TFs inhibit the
response of an environmental strain to a QS signal and the
same TFs inhibit the efflux pump of the environmental

responding strain, by themselves, do not support clinical
interest in the TFs for possible use in the therapy of a bacterial
infection. Therefore, in order to establish the needed support
for the claim that indeed, the TFs have clinical value, the TFs
were examined for activity against the efflux pump system of
E. coli, a pathogenic bacterium. Since the number of graphs
needed to depict each effect is large, an example of the data
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Figure 5. The effect of (TFs) on the response of CV026 (AHL). A:
Control disc with TF4 (20 μg) alone (no colour).B: Control disc with
AHL (10 ng) alone (deep purple colouration). C: Disc with TF4 (20
μg/disc) and AHL (10 ng) (very light purple colouration).

Table II. Effects of (TFs) on (AHL)-mediated quorum sensing.

TF Intensity of Length of Growth 
20 μg/disc colouration (mm) colouration (mm) inhibition (mm)

1 +++ 34 0
2 + 30 17
3 + 34 22
4 +++ 35 0
5 +++ 37 0
9 + 36 22
AHL control ++++ 40 0

Intensity scored as described in Figure 4.

Table III. The related final fluorescence (RFF) and specific activity (SA)
of each (TF) on the efflux pump system of CV026. Samples consisted of
saline plus 1 mg/l of ethidium bromide, 0.4% glucose, and without and
with half (MIC) of positive control and TFs. Assessment of fluorescence
took place at 37˚C for 30 minutes. Data in bold identifies TFs that express
very high inhibitory activity against the efflux pump system of CV026.

TF RFF SA

1 (25 mg/l) 4.20 1.68
2 (6,25 mg/l) 2.99 4.78
3 (6,25 mg/l) 2.21 3.53
4 (25 mg/l) 4.42 1.77
5 (25 mg/l) 5.10 2.04
6 (100 mg/l) 4.31 0.43
7 (100 mg/l) 0.92 0.09
8 (100 mg/l) 1.24 0.01
9 (25 mg/l) 3.97 1.59

10 (100 mg/l) 0.44 0.04
11 (100 mg/l) 0.73 0.07
12 (100 mg/l) 1.18 0.12

SA=RFF/(0.5 MIC).

Table IV. The effects of (TFs) on the efflux pump system of Escherichia
coli AG 100.

Sample RFF SA

AG100 control 0.5397 0.000
+ TZ positive control. 30 mg/l 11.8703 0.6998
+ TF 1 7.5 mg/l 5.0638 1.1176
+ TF 2 3.75 mg/l 12.9179 6.1160
+ TF 3 3.75 mg/l 10.4916 4.9172
+ TF 4 30 mg/l 31.1324 1.8894
+ TF 5 7.5 mg/l 7.8839 1.8143
+ TF 6 30 mg/l 5.1950 0.2875
+ TF 7 240 mg/l 7.2390 0.0517
+ TF 8 60 mg/l 6.9595 0.1982
+ TF 9 7.5 mg/l 6.4451 1.4589
+ TF 10 240 mg/l 19.3553 0.1452
+ TF 11 120 mg/l 6.6206 0.0938
+ TF 12 60 mg/l 7.0865 0.2021

RFF: Relative final fluorescence; SA: specific activity=RFF/(0.5 MIC).
Samples consisted of saline plus 1 mg/l of ethidium bromide, 0.4%
glucose, and without and with half (MIC) of positive control and TFs.
Assessment of fluorescence took place at 37˚C for 30 min. Data in bold
identifies TFs that express very high inhibitory activity against the
efflux pump system of E. coli.



obtained is presented in Figure 7 for TF 4. As evident from
the figure, the presence of TF 4 promotes an increase of
fluorescence due to the accumulation of EB whereas in the
absence of the compound, no significant increase of
fluorescence takes place (the curve is rather flat). The effects

of the TFs on the activity of the efflux pump is summarised
in Table IV. This Table provides the concentration of the
positive control thioridazine and each of the TFs that
corresponds to half their MIC. As noted in Table IV, TFs 2 and
3 have the highest activity against the efflux pump system of
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Figure 6. The effect of half the minimum inhibitory concentration of (TFs) 1, 4, 5, 9 (A) , and 6, 7, 8, 10, 11, 12 (B) as compared to the positive
control thioridazine (TZ).



E. coli. TFs 1, 4, 5 and 9 are also very active since their
inhibitory activity exceeds that of thioridazine, the efflux
pump inhibitor that serves as positive control. 

Discussion 

The results presented in this study show that some TFs have
inhibitory activities against the response of CV026 to a QS
signal such as AHL and the efflux pump systems of the CV026
and E. coli strains. Comparison of the efflux pump inhibitory
activities of the TFs towards both strains suggests that the
inhibition is practically identical in both cases. This suggests
that the TFs have clinical value. Comparison of the individual
inhibition induced by each TF on the QS response by CV026
to AHLs indicates that TF 3 exerts the greatest inhibition on the
QS response. By comparison of the MIC of each effective TF, it
is clear that the most effective inhibitors of the efflux pump
system of E. coli also have the most potent antibacterial activity.
TFs such as TF 7, 10 and 11 are devoid of any significant
antibacterial activity (MIC for TF 7 and 10 is 480 mg/l, and for
TF 11, it is 240 mg/l) and have little activity against the efflux
pump of E. coli. The demonstration of a QS response by the
method used in this study requires the growth of the responding
organism. If an agent inhibits growth, it pre-empts any response
since there are no bacteria present to respond. The application of
20 μg of each TF to discs promoted strong antibacterial effects
by TFs with very low MICs. Applying amounts of a TF that
have significant antibacterial properties to a disc below the
inhibitory concentration exceeds the sensitivity of the system,

since the distance between evident growth and the absence of a
response (no colour) is masked by the deep purple colour
associated with the growing population that is less than a
millimetre from the disc. This is why TFs with very high MICs
were able to produce evidence of an inhibition of the QS
response by CV026, whereas for TFs with low MICs, with the
exception of TF 3 (MIC 7.5 mg/l), the antibacterial effect of the
TF pre-empted growth. QS is essential for various pathogens.
In nature there are many types of organisms which can quench
QS signals of other species. For example, Bacillus species
produce lactonase enzyme to degrade the AHL signals of Gram-
negative species. Eukaryotic cells also deploy QS inhibitors to
prevent bacterial infection. QS has great importance in the
organisation of biofilms (6), the production of virulence factors
(8), and also in the spread of antibiotic resistance. The antibiotic
resistance of bacteria in biofilms is several hundred or even
thousand-fold higher than the one of free living bacteria.
Without the ability to make biofilms or virulence factors
production, pathogens lose the ability to cause infections.
Therefore, if we reduce or completely block bacterial QS, we
can reduce these QS-dependent/related activities as well. Our
previous study demonstrated that phenothiazines were able to
inhibit the QS system that involved Ezf 10-17, the producer of
the signal and CV026, the responder to the signal (27). The
phenothiazine thioridazine, an inhibitor of efflux pumps of
Gram-negative bacteria (11, 12, 24, 25) also inhibits the
response of CV026 to pure AHL (data not shown). Because
phenothiazines and TFs that inhibit the efflux pumps of the
CV026 and E. coli, as shown in the current study, also inhibit
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Figure 7. The effect of TF 4 on the activity of the efflux pump system of Escherichia. coli AG100. The concentration of the TF 4 that correspond to
half minimum inhibitory concentration was 30 mg/l. Note that the control does not accumulate ethidium bromide during the 30 minutes of the assay.



access to energy supplied by the PMF (4, 5), we believe that the
response to a QS signal depends upon a functional efflux pump
system which extrudes the noxious QS signal before it reaches
its intended target. Moreover, because all secretory activity of a
bacterium such as the secretion of a QS signal, is controlled (28-
30), and the main efflux pump systems of Gram-negative
bacteria are the secretory paths of internally produced noxious
agents (31-34), the inhibition of the efflux pump system of a
QS signal producer will result in obviating the secretion of the
QS signal. Therefore, it is our contention that inhibitors of an
efflux pump, such as phenothiazines and now also TFs, will
inhibit the secretion of the QS signal and the response to the QS
signal. The results of the current study clearly show that various
TFs have the ability to inhibit the response of C. violaceum 026
to the QS signal AHL and to inhibit the efflux pump of the QS-
responding CV026 as well as the one of E. coli. This ability is
a direct one since none of the TFs formed a complex with AHL
(spectrophotometric data not shown). Since some TFs inhibit
the QS response, inhibit an efflux pump system and also have
significant antibacterial activity, TFs have a promising future for
therapy of problematic infections that rely on an efflux-
mediated multidrug-resistant phenotypes and which, due to QS,
make their therapy problematic.
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