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ABSTRACT

In the present study, curing of Escherichia coli plasmids in the presence
of acriflavine and acridine orange, acridine dyes, were characterized using
clinica strains. The bacteria offered tetracycline resistance as a plasmid
marker. Growth in the present of acridine dyesinitially caused changesin
the plasmid profilefollowed by total elimination of plasmids. Concomitant
to this loss of all plasmids, the cured derivatives became sensitive to
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tetracycline. Theviability of E. coli wasmeasured using replicaplate method.
The results obtained demonstrate that the acridine dyescan induces a
clear curing with good viability. The ability to cure plasmids provides a

useful tool for some genetic analysis and engineering.
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INTRODUCTION

Theacridines. acriflavineand acridine orange dyes
are closely related to the members of the xanthene
class. Likethexanthenes, these havealong history of
biological application as stains. Asfar back as 1929,
theydlow derivative acriflavinewasbeing used, asa
tissuestaintovisualizecel nuclel and acridineorange
hasremained avery popular stain for itsusein fluo-
rescence microscopy. Likethe xanthenesthe acridines
are of inadequate stability for more demanding appli-
cationssuch astextilecoloration>3. Acriflavineisaso
used asan activemedium for dyelasers?. Inthispa-
per, acridine dyes propertieswere exploited for cur-
ing of the E.coli plasmids. Plasmidsare extrachromo-
somal pieces of double-stranded circular DNA which

havethe capability to replicate independently of the
host chromosomé“. Bacterid plasmidsare knownto
harbour genesfor: (i) resistancesto antibioticsand
heavy metals, (ii) catabolic pathways, (iii) biosynthe-
sisof certain antibiotics, etc. Inmany cases, however,
characteristics of the host organism conferred by the
plasmids®. When working with some plasmid con-
taining bacteria, itisoften desirableto obtain aplas-
mid cured derivative®. Curing of plasmidsfrom abac-
teria strainisamethod to substantiatetherel ationship
between agenetic trait and carriage of that specific
traitintheplasmid. Thisallowsadirect comparisonto
be made between the plasmid containing and plasmid
cured cell97. Some plasmids undergo spontaneous
segregation and deletion. However, the majority is
extremdy stable, and requirestheuseof curing agents,
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toincreasethefrequency of spontaneous segregation.
Various methods involving chemical and physical
agents have been devel oped to eliminate plasmids®.
Theusefulnessof curing agentsisunpredictablein many
bacterial strains, asthere are no standard protocols
applicabletoadl plasmids. Plasmid curing studieshave
been focused on Escherichia coli, Salmonella typhi
murium, Saphyl ococcus aureus and, to alesser ex-
tent, strains of degradative Pseudomonads®. The
E.coli isamodel microorganism in bacteriology re-
search. The bacteriumisused in many genetic study.
First studies about DNA replication and transforma-
tion have been obtained from thisorganism. Thisnon-
pathogenic bacteria speciesreplicatesunder ideal con-
dition rapidly. Inthe present study, wereport amethod
for curing native plasmidsresponsiblefor tetracycline
reseistance bye acrinedyesin E.coli.

MATERIALSAND METHODS

Culturemedia

Luriabertani (LB) broth and LB agar plateswere
used throughout thisstudy. Peptone, yeast extract and
agar were from Merck; tetracycline, acriflavineand
acridineorangewerefrom Sigma.

Bacterial strainsand culturecondition

Threeclinical uropathogenic E.coli wereisolated
fromdifferent hospitalsand clinicd |aboratoriesof Tehran
and identified on the basis of morphology, growth, and
biochemical characteristics™**. E.coli DH o wasused
for transformation tests. They weregrownin LB me-
dium and were stored at -70°C in the form of 1ml
diquotscontaining 1.5x10° bacteriaper ml inthegrowth
phase. In each experiment, an aliquot wasthawed, in-
oculatedinto 200ml of LB broth andincubated at 37°C
for 15to 16h. The organismswere collected by cen-
trifugation and resuspended in LB broth. The concen-
tration of the cell suspension was adjusted with 0.5
M cfarland turbidity standard then diluted.

Deter mination of susceptibility

Tetracycline susceptibilities were determined by
Kirby Bauer disk diffusion following the definition of
Nationad Committeefor Clinica Laboratory Standards
(NCCLS) for agar diffusiontestg™@. Microdilution tests
werecarried out to establish theminimuminhibitory con-

centration (MIC) of theacridin dyes, inaccordancewith
NCCLSguiddines®. Overnight culturesof bacterial
srainsweredilutedto 10 inLB broth, aliquotsof 50ul
trandferredto a96 wdl microplate, then 50ul of different
concentrationsof acridineorangeand acriflavinesolu-
tionswere added. The microplateswereincubated at
37°Cfor 24h, after whichMIC va uesweredetermined.

Replicaplating

Overnight cultures of bacterid strainswerediluted
to 10“*and 1ml aliquotsinoculated into 100ml of LB
broth. Various concentrationsof acriflavine and acri-
dine orangewereadded to 5ml of thediluted cultures
and incubated at 37°C for 24h. Dilutions of 10 were
prepared from tubes showing growth and 100ul diquots
wereplated on LB agar. The plateswereincubated at
37°C for 24h. The velvet replicafrom master plates
was prepared onto plates contai ning tetracyclineand
after 24hincubation, themaster and replicaplateswere
compared and theratio of theplasmid eiminationwas
determined™.

Plasmid isolation and curing

Plasmid from E.coli wereisolated as described by
akalilysismethod*® and resol ved by e ectrophoresis
through a1% agarosegel using TAE buffer at 50,,. The
DNA wasvisudized by ethidium bromide(1g/ml) sain-
ing for 15min and photographed under short wave UV
light. Prior to curing, we determined the sublethal con-
centrationsof thethecuring agentsfor the E.coli strains.
Thesubletha concentration was defined asthe highest
concentration alowing for the detectable growth of a
E.coli strain. For curing with acridine dyes, the bacte-
riawere grown to midlog phase and passaged in LB
broth containing 70-150ug/ml of acridine dyesmain-
tained at 37°C under shaking conditions. Cured bacte-
riawereidentified by replicaplating and further tested
by culturein LB medium suppliedwithtetracycline. The
growth cycleswererepeated threetimesto ensurethe
possi bility of plasmid curing by thesechemicasandfal-
lowing final passage the bacteria were washed and
plated onto LB agar plates. The single coloniesthus
obtained were screened on antetracyclineplatefor the
lossof resistance. Thetetracycline sensitive colonies
were grown in LB and checked for the presence or
absence of plasmidshby agarose gel € ectrophoresis.
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Transformation experiments

TheE.coli DH.o wastransformed with plasmid
DNA isolated fromtheclinica strain usedinthisstudy
by the cal cium chloride procedure®®, Transformed bac-
teriawereidentified by replicaplating and further tested
by culturein LB medium suppliedwithtetracycline. The
transformed bacteriacould beidentified usingthe LB
media containing tetracycline. Plasmid DNA was ex-
tracted from the transformed bacteriaand checked by
agarosegel eectrophoresis.

Deter mination of viability and cell numbers

Viable countsof the bacterid weredetermined us-
ingserid dilutionsof samplesand plate counting method.
Bacterid coloniesgrownon LB agar platesweretaken
and dilutedinsterile LB 0.1ml from each dilution was
Spread on agar platescontainingtetracycline. Smilarly,
LB agar platesand pure agar plates without tetracy-
clinewere also inocul ated and incubated. Triplicate
plateswere prepared for each dilution level.

RESULTSAND DISCUSSION

Elimination of bacterid plasmidsisoften an essen-
tid stepinfunctiond andysisof thesereplicons™. Sev-
eral chemical curing agents have been usedinthe cur-
ing of bacteria plasmids”™. However, thesechemicas
proved to befairly ineffectivewith regard to the curing
of plasmidsfromthebacteria Theeffectivenessof cur-
ing methods dependson thenature of the bacteria host
and plasmids, inwhich somemethodswork betterina
system than otherd*®., In thisstudy, theclinical isolates
wereinvestigated for elimination of tetracyclineresis-
tance. Thisstudy focused primarily onthetetracycline,
becausethey serve as selective markersintransforma:
tion studiesof bacteria. Theantibioticshavea so been
listed asantibiotic which are authorized for medicine.
Thestrainsexhibited varying degrees of resistanceto
tetracycline. E.coli DH, o cellswereused for transfor-
mation. The presenceof isolated plasmids, which car-
riesafunctional tetracycline, waseasily evidencedin
their host by the growth of the colonieson the plates
countaing tetracycline. Thebacteriaweregrowninthe
presence of 70-150ug/ml of acriflavineand acridine
orange. After 24h incubation the MIC values were
obtained(TABLE 1). The MICs, which ranged from
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TABLE 1: MIC valuesof thecompoundsagainst clinical iso-
lates

Strains Acroflavine(ug/ml) Acridine orange(ug/ml)

E.coli 1 80 90

E.coli 2 70 80

E.coli 3 90 80
70t0>125ug/ml for acridine orange and acriflavine,
weredeterminedto bedependent onthestraininvolved.
Inour initia gpproach wesought to obtainrapidly qudi-
tativeinformation concerning the possible existence of
acridinedyeseffectsat sub-letha concentrationsof the
dyesand thepossibility that exposureto thisdyesmight
induce plasmidlossso asto avoid thedifficult task of
determining the optimum concentration of thedyesre-
quired to elicit thedesired effect. LB gradient plates
were prepared, containing aacridinedyesgradient rang-
ing from concentrations approx. 10-fold higher to 10-
foldlower thanthe MIC. Following 24h of incubation
the colonies from master plates were transferred by
velvet replicapl ating method onto tetracycline contain-
ing LB agar. Thesmaller coloniesdisplayedirregular
margins, suggesting that theantibiotic causesdterations
of cell permeability and unusua growth. The plasmid
profilesof thevariousstrainswereana ysed by agarose
ge dectrophoresisand wasshowntodiffer for various
strains. When these plasmid containing strainswere
exposed to plasmid curing compounds, the plasmid
DNA profile becamedifferent for the mgjority of the
extractsasshown by agarose gdl electrophoretic prop-
erties. To establishaquantitative rel ationship between
possible acridine dyesinduced plasmidlossand cell
viability, E.coli cells carrying plasmid were plated on
LB platescontaining different concentrationsof theacri-
dinedyes. After 16h incubation at the chosen tempera-
ture (37°C), some colonies appeared on plates con-
taining sub-lethal concentrationsof theantibiotic and
these weretransferred, directly or by replicaplating,
on LB plateswith and without tetracycline. Sinceequa
colony countswereobtained in all casesinthe pres-
ence and absence of the selecting agent and since all
colonieswere of norma size, weconcluded fromthis
experiment that, following exposureto acriflavine, no
cell had completely lost its plasmid without concomi-
tant lossof itsviahility. Under our experimenta condi-
tions, growth in various concentrations of acridine
orange(Figure 1) and acriflavine(Figure 2) led to the
cureof plasmid carrying E.coli. Theresultsclearly dem-
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Figurel: Percentage of curing and viability of clinical

E.coli strainsafter treating with 70-150ug/ml of acridine
orange
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Figure?2: Percentage of curing and viability of clinical

E.coli strainsafter treating with 70-150pg/ml of acrifla-
vine

onstratethat the dyesindeed causesasubstantial, yet
incomplete, lossof plasmid at 37°C. Higher concentra:
tions probably have more drastic effectson plasmid
loss but are accompanied by acorresponding drastic
reduction of cell viability. E.coli DH_a wastransformed
with theplasmid DNA preparation obtained from clini-
ca strains. Transformed coloniesthat wereresistant to
tetracyclinewere obtained. Having established that the
clinicd strainsunder study had acquired plasmid-borne
antibiotic resi stance, the efficiency of resistancein cur-
ing the strain wasinvestigated and compared to that of
acridineorangeand acriflavine. Theprocedureisrela
tively smpleand it can aso be gpplied when thetarget
plasmid doesnot carry any phenotypically detectable
marker genes. The method seemsto be applicablein
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different bacteriaand strains.
REFERENCES

[11 FEDanga W.Li, L.Zhang, M.Jabasini, T.Ishida, H.
Kiwada, N.Kagji, M.Tokeshi, Y.Babaa; J.Chro
matogr., A118, 218-225 (2006).

[2] V.K.Sharma, P.D.Sahare, R.C.Rastogi, S.K.
Ghoshal, D.Mohan; Spectrochimica Acta, A59,
1799-/1804 (2003).

[3] M.Maeda, L.Dyes; Academic Press, New York,
(1984).

[4] T.Maumdar, S.Ghosh, J.Pal, S.Mazumder; Aquac-
ulture, 256, 95-104 (2006).

[5] S.Ghosh, N.R.Mahapatra, T.Ramamurthy, P.C.
Banerjee; FEMS Microbiol.Lett., 183, 271-274
(2000).

[6] JM.Mesas, M.C.Rodriguez, M.T.Alegre; Plasmid,
51, 37-40 (2004).

[71 J.T.Trevors, FEMS Microbiol.Rev., 32, 149-157
(1986).

[8] JH.Crosa, M.E.Tolmasky, L.A.Actis, S.Falkow;
‘Methodsfor General and Molecular Bacteriology”,
American Society for Microbiol ogy, Washington,
DC., 365-386 (1994).

[9] F.E.Hahn, J.Chiak; Antimicrob. Agents Chemother.,

9, 77-8 (1976).

N.J.Palleroni; ‘Bergey’s Manual of Systematic

Bacteriology’, edsN.R.Krieg, Holt J.G.Baltimore:

Williamsand Wilkins, (1984).

A.Rezaee, A.M.Khonsari, S.N.Pirayeh; Res.J.

Med.Sci., 1, 63-67 (2006).

NCCLS, National Committeefor Clinical Labora-

tory Standards. Approved Standard M2-A6. Per-

formance standards for antimicrobial disk suscep-

tibility tests(6th ed.).Wayne, PA. (1997).

[13] PA.Wayne; Approved Standard, M7-A2, (1990).

[14] J.Lederberg, E.M.Lederberg; J.Bacteriol., 63, 399-
406 (1952).

[15] H.C.Birnboim; Method Enzymol., 100, 243-55
(1983).

[16] A.Rezaee, M.Ansari, F.Zandi; J.Biol.Sci., 5, 274-
278 (2005).

[17] M.E.Mansia, J.K.Andersona, A.Craig, K.Inchea,
D.J.Plattb; Res.Microbiol., 151, 201-208 (2000).

[18] A.lmre, F.Olasz, J.Kiss, B.Nagy; Plasmid, 55, 235-
241 (2006).

[10]

[11]

[12]

BioTechnology

An Tudian Yourual

——



