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As part of a screening programme to identify modulators of multidrug efflux in methicillin resistant Sta-
phyloccocus aureus(MRSA), we have validated our assays using the antihypertensive plant alkaloid
reserpine. Clinical isolates of MRSA were resistant to tetracycline and shown to possess thetet(K) deter-
minant which encodes for the Tet(K) efflux protein, which conferred high level resistance to tetracycline
(MIC = 128 mg/mL). In the presence of reserpine, a known inhibitor of multidrug resistance (mdr) efflux
pumps, this MIC was significantly reduced (MIC = 32mg/mL). Copyright # 2000 John Wiley & Sons, Ltd.

Keywords:efflux; MRSA; Tet(K); multidrug resistance; mdr.

INTRODUCTION

The occurrence and proliferation of methicillin resistant
Staphylococcus aureus(MRSA) is cause for great
concern in the clinical environment due to the few
effective therapeutic agents that can be used against this
organism (Horikawaet al., 1999). The last group of
antibiotics available for the treatment of MRSA are the
glycopeptides, typically vancomycin, but unfortunately
resistance to this agent has already been encountered in
Japan (Hiramatsuet al., 1997) and the United States
(Martin and Wilcox, 1997; Perl, 1999; Rotunet al.,
1999), and more recently in the United Kingdom
(unpublished report on vancomycin resistance inStaphy-
lococcus aureusat Glasgow Royal Infirmary, June 1999).

Efflux is an important mechanism of resistance in
many clinically relevant pathogens, notably,Streptococ-
cus pneumoniae(Markham, 1999),Pseudomonas aeru-
ginosa and Neisseria gonorrhoeae(Marshall and
Piddock, 1997). InStaphylococcus aureus, efflux mech-
anisms have been demonstrated to confer resistance to
macrolides, fluoroquinolones and the tetracyclinesvia the
Msr(A) (Rosset al., 1990), Nor(A) (Nget al., 1994) and
Tet(K) (Guayet al., 1993) efflux proteins respectively.
The tet(K) gene encodes for an hydrophobic, 50.6 KDa
membrane bound protein that actively effluxes tetracy-
cline and is assumed to confer resistance to this agent
(Guayet al., 1993).

We have been screening elements of the Kuwaiti flora
for modulators of Tet(K) mediated resistance in clinical

isolates of MRSA and have validated our assays using the
multidrug efflux inhibitor reserpine, which has been
shown to modulate resistance in bacteria possessing the
NorA and Bmr efflux mechanisms (Nget al., 1994).

MATERIALS AND METHODS

Bacterial strains. MRSA strains IS-58 and XU212 were
cultured from clinical isolates from the Ibn Sina and
Adan hospitals, respectively.S. aureusstandard strain
ATCC 25923 was obtained from the American Type
Culture Collection. All strains were cultured on nutrient
agar (Oxoid) prior to determination of minimum
inhibitory concentration.

Primer details for the tet(K) gene. The tet(K) gene in
strains IS-58 and XU212 was detected in polymerase
chain reaction (PCR) experiments using two 18- mer
oligonucleotide primers, synthesis based on the DNA
sequence of theS. aureusplasmid, pT181, which encodes
a tetracycline efflux protein. The sequences were: primer
K1, 5'-CAG CAG ATC CTA CTC CTT-3' corresponding
to nucleotides 531 to 549 and primer K2, 5'-TCG ATA
GGA ACA GCA GTA-3', which is complementary to
nucleotides 682 to 700 of thetet(K) gene and separated
by 168 base pairs.

Protocol for PCR. The PCR mixture consisted of 3mL of
template DNA,10 pmolofK1andK2primersand45mLof
PCR supermix (Gibco BRL). DNA amplification was
carried out for 30 cycles in a final volume of 50mL of
reaction mixture as follows: denaturation at 94°C (1 min),
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annealingat55°C(1min)andextensionat72°Cfor 1 min.
After amplification,15mL of productwas analysedby
agarosegel 1.5%(w/v) electrophoresisin Tris bufferand
stainedwith ethidiumbromide.TheamplifiedDNA was
visualizedunderUV light andphotographed.

Determination of Minimum Inhibitory Concentration
(MIC). Mueller-Hinton broth (MHB) (Oxoid) was
adjustedto contain20mg/L and 10mg/L of Ca2� and
Mg2� respectively.An inoculum densityof 105 cfu of
eachof thetestorganismswaspreparedin normalsaline
(0.9g/L). MHB (125mL) wasdispensedinto 10wellsof a
96-well microtitreplate(Nunc,0.3mL volume)andthen
125mL of tetracycline(2048mg/mL) (Sigma Chemical
Co.) wasserially diluted (2 fold) into eachof the wells.
125mL of inoculumwasthenaddedto eachof thewells,
which resultedin a tetracyclineconcentrationrangeof
512–1mg/mL. Theplatewasthenincubatedat 36°C for
18h andtheMIC wasrecordedasthe lowestconcentra-
tion at which no growth was observed.In the caseof
ATCC 25923 Staphylococcusaureus, a tetracycline
concentrationrangeof 10–0.02mg/mL wasused.

For themodulationof resistanceexperiment,reserpine
(SigmaChemicalCo.)wasincorporatedinto theMHB to
give a final concentrationof 10mg/mL.

RESULTS AND DISCUSSION

MRSA strainsIS-58 and XU212 were highly resistant
to tetracycline (Table 1) and exhibited MICs of
128mg/mL as a result of the presenceof the tet(K)
determinantwhich encodesfor theTet(K) efflux protein.
Whencomparedwith the standardATCC 25923strain,
IS-58 and XU212 exhibited an 800 fold increasein
resistanceto tetracycline,which rendersthe useof this
antibiotic against these organisms as therapeutically
redundant.

The incorporation of the antihypertensive plant
alkaloid reserpineinto the medium,clearly affectedthe
MIC of tetracyclinein theMRSA strainsandloweredthe
MIC by a factor of 4. In contrast,the incorporationof
reserpineinto themediumdid not effect theMIC for the
standardATCC strain.

This4-fold decreasein MIC is in goodagreementwith
datafor MICs recordedin the presenceand absenceof
reserpineof norfloxacinresistantS.aureuspossessingthe
Nor(A) fluoroquinoloneefflux protein(Ng et al., 1994).

This is, we believe,the first report of a reductionof
MIC in clinical isolatesof MRSA possessingtheTet(K)
efflux proteinin thepresenceof reserpine.

Modulators of drug resistancewould clearly have
benefit for the treatmentof multidrug resistant(mdr)
strainsof bacteriafor which the majority of therapeutic
antibiotics are of no further clinical use. Inhibitors of
drug efflux mechanismscould, in combination,greatly
extend the useful lifetime of older conventionalanti-
biotics, for examplewith the tetracyclines.This concept
of resistancemodulation could be extendedto other
multidrug resistantpathogenssuch as fluoroquinolone
resistant Streptococcuspneumoniae, azole resistant
Candida albicans or macrolide resistant Escherichia
coli, all of which produceefflux proteinsaspartof their
resistancemechanisms(Markham,1999;Cannonet al.,
1998,MarshallandPiddock,1997).
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Table 1. Minimum inhibitory concentrations (MICs) for
test organisms

MIC (mg/mL) of tetracycline

Strain �R

XU212 128 32
IS-58 128 32
ATCC 25923 0.16 0.16

�R, MIC measured in the presence of reserpine at a
concentration of 10 mg/mL.

140 S. GIBBONSAND E. E. UDO

Copyright# 2000JohnWiley & Sons,Ltd. Phytother.Res.14, 139–140(2000)


