The Journal of Microbiology, March 2001, p.62-66 Vol. 39, No. 1
Copyright (© 2001, The Microbiological Society of Korea

Concentration of CCCP Should Be Optimized to Detect the
Efflux System in Quinolone-SusceptibleEscherichia coli

Hyengun Cho, Yoojung Oh, Seohyung Park, and Yeonhee Lee*

Department of Biology, Seoul Women's University, Seoul 139-774, Korea
(Received November 30, 2000 /Accepted February 9, 2001)

Unlike eukaryotic efflux pumps energized by ATPase, bacterial efflux pumps are energized by the pro-
ton motive force. That is the reason why CCCP, an inhibitor of proton motive force, is widely used to
study the bacterial efflux pump. In many cases, efflux systems have been observed only in quinolone-
resistant bacteria. Most of the quinolone-susceptible strains have been found to maintain little efflux
pump. However, some susceptible bacteria showed the increased intracellular quinolone concentration
only at a low concentration (0.01 or 0.1 mM) but not at a high concentration (1 mM) of CCCP. If bac-
terial cells were killed at high concentrations of CCCP and lost the integrity of their membranes, the
intracellular quinolone would leak out from cells with no efflux system. The efflux pump system in the
quinolone-susceptible strains could not be detected at the same concentration used for resistant bac-
teria. To test this hypothesis, the intracellular quinolone concentration in the quinolone-susceptible and
-resistant strains of Escherichia coli, Pseudomonas aeruginosmd Staphylococcus aureugas assayed

at various concentrations of CCCP. Since the effect of CCCP is very rapid, the survival of bacteria was
observed by assaying the DNA synthesis in 5 min. In the caseEofcoli, but not P. aeruginosaor S.
aureus the quinolone susceptible strain was more susceptible to CCCP than the quinolone resistant
ones, especially when the incubation with CCCP was extended. Decrease of the intracellular quinolone
concentration resulted in a false result-no or weak efflux system in the quinolone susceptible strains.
Results suggested that the concentration of CCCP should be optimized in order to detect the efflux sys-
tem in the quinolone susceptible strains oE. coli.
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Antibiotic resistant bacteria have become a worldwide intracellular quinolone concentration before and after the
problem and their number is increasing as more antibioticsaddition of CCCP is considered as evidence for the exist-
are used. Among various antibiotics, quinolone has beerence of the efflux pump system. Many people found the
discovered and widely used more recently compared taactive efflux system in the quinolone resistant bacteria and
other antibiotics (2, 8). Up until now, genes responsible forvery weakly active efflux pump in the quinolone-suscep-
the quinolone resistance have been found on the main chrdible bacteria.
mosome and this made people assume that quinolone resis-When we added various concentrations of CCCP to
tant bacteria will not be easily found (3, 7, 9). In contrast, bacterial cells, we found active efflux pumps in the qui-
the number of quinolone resistant bacteria is increasing rapnolone susceptible bacteria at lower concentrations of
idly in recent years. Quinolone resistance is ascribed taCCCP (less than 0.1 mM). Interestingly, the activity of the
three mechanisms: target site mutation in DNA gyrase ancefflux pump was higher at the low concentration than that
topoisomerase IV (5, 10, 23, 25, 26, 28); decreased permeat the high concentration. We hypothesized that CCCP
ability (1, 14, 15, 16, 22, 24, 28); and the existence of themust have a harmful effect on cells because it dissipates
efflux pump system (4, 6, 11,12, 17, 18, 19, 21). Since thethe proton gradient (20) and the quinolone susceptible
bacterial efflux pump is energized by the proton motive bacterial cells are more easily damaged by CCCP than the
force (13, 18, 27), CCCP which dissipates the proton gra-quinolone-resistant bacteria and that results in leakage the
dient has been widely used to detect the efflux pump. Inof intracellular materials; there fore thereby intracellular
most cases, 0.1 mM or 1 mM CCCP is added to bacteriatjuinolone concentration is detected less.
cells to inhibit the efflux pump and the difference in the To test this hypothesis, we assayed the inhibitory activ-
ity of CCCP on bacterial cells by measuring the growth
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radioactive thymidine. We determined the dose effect ofAssay of the DNA synthesis

CCCP on the intracellular quinolone concentration using[*H] Thymidine (0.01uCi) was added to 400l cells

both quinlone-resistant and susceptiBlecherichia coli, in log phase and cells were incubated atC3with

Pesudomonas aerugingsand Staphylococcus aureus  shaking. After 5 min, 25Ql of the reaction mixture
was mixed with the same volume of cold 40% TCA
and out in ice to stop the reaction. The acid insoluble

Materials and Methods precipitate was collected on a filter (GF/C, Whatman,
U.S.A)) using a vacuum manifold (Bio-Rad, U.S.A.)
Bacterial cells and washed with 5 ml each of 5% TCA, 0.1 N HCI,

The quinolone-susceptible and resistant isolates (MICs teand 95% ethanol. Filters were soaked in 0.05% thy-
ofloxacin >128ug/ml) of E. coli, P. aeruginosa, and S. midine to prevent unspecific binding before use. The
aureus were from the Culture Collection of Antibiotic radioactivity in the acid insoluble precipitate on the fil-
Resistant Microbes (CCARM). Bacterial cells at the log ter was counted in a liquid scintillation counter (PACK-
phase in Brain Heart Infusion (BHI) were collected by ARD TRI-BARB 4530, U.S.A.) after adding the
centrifugation, dispersed in new BHI making Aand scintillation cocktail (PACKARD, U.S.A)) to the air-dried

used for the experiments. filters.
10 10
A B
£
<
3
S 1
+—
©
[0
[&]
c
S 1 1
S
w
Q
<
01 — : 01
0 2 4 6 8 0 2 4 6 8
10 10
c D
£
<
S 1 1
Q0
+—
©
[0
[&]
5 1 1
2
[=]
w
Q
<
01 - . 01
0 2 4 6 8 0 2 4 6 8
10 10
£ E F
c
o
2 1
o
[}
Q
Q
c
<
a 1 1
o
wn
Q
<
.01 T T T r .01 T T r T
0 2 4 6 8 0 2 4 6 8
Time (hour) Time (hour)

Fig. 1. Growth curves in the presence of CCCP. The quinolone-resistant and -susEejuiillieP. aeruginosandS. aureusvere grown in the pres-
ence of CCCP. A, the quinolone-susceptibleoli B, the quinolone-resistait coli; C, the quinolone-susceptiike aeruginosaD, the quinolone-
resistantP. aeruginosak, the quinolone-susceptib® aureusF, the quinolone-resistast aureus©O , 0 mM CCCP;@ , 0.01 mM CCCP{ 1, 0.1
mM CCCP;H, 1mM CCCP.
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Fig. 2. DNA synthesis in the presence of CCCP. The quinolone-resistant and -suséeptdlieP. aeruginosa, S. aureugre grown in the presence
of 1. mM CCCP and radioactivéH] thymidine was added to the cells. After 5 min incubation, the radioactivity in the acid insoluble precipitate was
measured in a scintillation counter’Y, the quinolone-susceptible strai@® , the quinolone-resistant strain)

Assay of the intracellular ofloxacin concentration is possible that this is the reason why people observed the

The intracellular ofloxacin concentration was measuredhigher efflux activity in the resistant strain but not in the

following a procedure described in a previous paper (14).susceptible strain since the bacterial cells died at this

Bacterial cells at the log phase were prepared as describedCCP concentration (4, 14, 19).

above. Ofloxacin (final concentration, E/ml) was added

to the cells and cells were incubated a&iC37At various Assay of the DNA synthesis

incubation times, cells were layered on the top of 1 ml of To detect the DNA synthesis in a short time period, radio-

cold silicon oil and collected with centrifugation to remove active thymidine was added to bacterial cells and the

the extracellularly bound ofloxacin. The lower part of the resulting radioactive DNA synthesized in 5 min was assayed

tube containing the bacterial cell pellet was cut with a (Fig. 2). DNA synthesis was almost completely inhibited

tube cutter and transferred to a new tube containing 1 mby the addition of 0.01 mM CCCP in all of the quinolone-

of millipore-filtered water. The intracellular ofloxacin was susceptible bacterial cells- whether it was coli, P.

extracted from cells by boiling in water for 10 min and aeruginosapr S. aureusxcept the quinolone-resistdat

cells were removed by centrifugation. The concentration incoli. In the case of quinolone-resistabt coli, it syn-

the supernatant was assayed in a fluorospectrophotometeéhesized 70% of the DNA even in the presence of 1 mM

(Hitachi, Japan). CCCP. These results coincided with the results in shown
Fig. 1., which show that the quinolone-resistBntcoli
could grow in the presence of 1 mM CCCP. The results

Results and Discussion showed that CCCP has an inhibitory effect on the bac-
terial growth in a very short time period. Thus, we con-
Inhibitory effect of CCCP on the bacterial growth cluded that high concentration of CCCP could give false

When CCCP was added to the quinolone-resistant andesults since the bacterial cells would die at this con-
susceptible strains &. coli, P. aeruginosa, and S. aureus centration resulting in the leakage of the intracellular
the growth rate of every strain increased as the conmmaterials.

centration CCCP decreased. However, bacterial cells belong-

ing to each genus have different susceptibilities to CCCPIntracelluar ofloxacin concentration in the presence of
(Fig. 1). The difference in the inhibitory activity of CCCP CCCP

on the quinolone-susceptible and resistant cells were théll of the quinolone-resistant strains showed higher efflux
largest in the case &. coli. The growth of the quinolon-  activity compared to the quinolone-susceptible strains
susceptible cells was completely inhibited by 0.01 mM (Fig. 3). The intracellular ofloxacin concentration in the
CCCP but the growth of the quinolone-resistant cells wasquinolone-susceptibl€. coli increased the most in the
not. In the case d?. aeruginosathe growth of both qui- presence of 0.01 mM CCCP. The intracellular ofloxacin
nolone-resistant and susceptible cells was completelyconcentration decreased as the incubation time increased
inhibited by 0.1 mM CCCP. In the caseSfaureus0.01 as we expected from Fig. 1 and Fig. 2. These results
mM CCCP could inhibit the growth of both quinolone- showed that the dead bacterial cells lose the integrity of
resistant and -susceptible strains. Conventionally, eithercell membrane and the resulting leakage of the intrac-
0.1 mM or 1 mM CCCP with incubation time less than 10 ellular ofloxacin. Especially in the case of quinolone-sus-
min has been used to detect the bacterial efflux system. IteptibleE. coli, the intracellular concentration decreased
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Fig. 3. Intracellular ofloxacin concentration in the presence of CCCP. Bacterial cells of the quinolone-resistant and -susaystislerstimcubated
with 50 ug/ml ofloxacin in the presence of CCCP. At various time intervals, the intracellular ofloxacin concentration was assédyerkgtente
spectrophotometer. A, the quinolone-suscepfibleoli B, the quinolone-resistafd. coli; C, the quinolone-susceptiblRe aeruginosaD, the qui-
nolone-resistar®. aeruginosaE: the quinolone-susceptib& aureusF, the gquinolone-resistadt aureus©O , 0 mM CCCP;@, 0.01 mM CCCP{] ,
0.1 mM CCCP;El, 1 mM CCCP;A , 2 mM CCCP.

as the incubation time increased. The intracellular oflox- (Culture Collection of Antibiotics Resistant Microbes) which

acin concentration in the quinolone-susceptible coli has been supported from KOSEF since 1999.
was the highest in the presence of 0.01 mM CCCP while
that in the quinolone-resistaBt coli was at the 0.1 mM. References
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