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ABSTRACT  

The plastid DNA from different strains of7bxqpLasmagondjihas been  
isolateduslngaVarietyoftechniques．Therelativeeffectivenessoftheseisolation  
techniquesis compared．Ini（ially，Clones wereisolated from genomic DNA  
libraries，butlOO％positiveidentificationoftheseclonesproveddifncult，dueto  

variations in the plastid sequences and the lack of comparable sequences. 
PurificationtechniquesuslngCOmmerCia】coJumnsgaveeLuateshighlyenrichedin  
plastidDNA，butothercontaminatingDNAwasalsoshowntobepresent・Finally，  

thenovellongpolyrnerasechalnreaCtiontechnique（long－PCR）wastrialedand  
WaSfoundtobethemostefficientisolationandpurificationme（hod．   

1NTRODIJCTION  

Tbxqlasma gondiiis an obligateintracellular protozoan parasite which  

belongs to（he phy）umApicomplexa．Itis thecausative agentoftoxoplasmosis  

Whichiswidespreadin humanSand other vertebrates（Dubey1986；Frenke1  
1988）．Toxoplasmosisis usually asymptomaticin healthy，immunocompetent  
PeOPle．However，immunocompromisedindividuals are very susceptible tothe  
parasiteandinfectionmaycausema」OrOrgandamage，enCePhalitisorevendeath  
（Frenkeletal・1975；Luftetal・1984；LuftandRemington1992）・  

RecentresearchinIoApicomplexanparasites hasleadtothe discoveryof  

twoextrachromosomalpleCeSOfDNA．Oneisa6kblinearstrandofDNAwhich  
has beenidentined as the mitochondrialgenome（1血idya et al．1989），and the  
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lSOLATlON OF THE Pl＾STID DNA OF TOXOPLASMA  

Otherisa35kbcirculargenomewhichhascharacteristicssimilartotheplastid  
DNAofplantsandalgae（Wilsonetal．1996）．ThepresenceoftheplastidDNA  
WithintheseparasitesisparticularlylntereSt］ngaSitisthenrstplastidgenometo  
beidentinedoutsidetheplantkingdom．Withinplantandalgalcells，PlastidDNA  
is known to beinvoIvedin gene expression and photosynthesis・However，its  
functioninApicomplexancellshasyettobeelucidated・TheApicomplexanPlastid  
genomehasbeenshowntobetranscrlpt10nal1yactiveandhence，itisthoughtto  
play animportant，if not essential，rOlein the cellular mechanisms of these  
ParaSites（reviewedinFeagin1994；JeffhesandJohnson1996）・   

ItisanticIPatedthattheplastidDNApresentinT．gondiiwillbeausefu1  
toolforinvestlgatlngthegeneticdiversltyOfthisparasiteandforclarificationof  
thecomplexphylogeneticrelationshipsseenamongtheApicomplexa（reviewedin  
Johnson1997）．CharacterisationoftheApicomplexanplastidDNAmayalsolead  
to theidentincation ofnoveldrug targets within theseparasites，aSthe plastid  
DNAis thought to have evoIvedfrom an ancient endosymbiont whose closest  
livlng relatives are the cyanobacteria．The plastid genome therefore，has a  
different ancestral origin to mammalian DNA and drugs may be targeted to 
exploit such differences・Mostof the work conducted on the plastid DNAin  

ApicomplexanshasfocusedonPlasmodiumsp・（Wlliamsonetal・1985；WIsonet  
al．1996；Yapetal．1997）．Thepurpose ofthis study wastouse theplastid  
isolation techniques fromPLasmodium studies toisolate theplastid DNA from  
differentstrainsofT．gondii．   

MATERIALSANDMETHOI）S  
勒rα∫如c〟J拙作∫  

ThethreestrainsofT．gondilusedinthisstudyweregrownastachyzoites  
incellculture．TheRHandMe49strainsweregrowninamousemacrophagecell  
line（RAW264．7）whilsttheS48strainwasgrowninaprimatenbroblastcel11ine  
（Vtro）．The cells were culturedin RPMI1640supplemented with2％foetal  
bovineserum，penicillinG（50yg／ml）andstreptomycin（50yg／ml）・Flaskswere  
incubatedat370cina5％CO2／95％aiT・atmOSphere．   

1J川い＝いJハl■りハり什・J川抽／／・〃川1・川f州  

ThegenomicDNAwasextractedfromthetachyzoitesofthestrainsofT・  
gondiiuslngaPhenol／chloroformextractionprocedureasdescribedinJohnsonet  
al．（1986）wi（htheomissionofthesodiumperchloratestep・   

（－．りハいハ・J′＝り．・ナナJJ．・ノ、りJ∴lJ／／、L・f〃＝＝い／ハ、．い小川川・ヾ  
Genomic DNA was packagedinto the九GEMllvector according to the  
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lSOLATlON OF THE PLASTJD DNA OF TOXOPLASMA  

manufacture．s speCincations（Promega一入GEMlltechnicalbu11etin），Briefly，the  
genomicDNAwaspartiallydigestedusingSbu3Alandclonedinto入GEM11with  
partiallyfi11edXholarms・TheseligationswerethenaddedtoPromegaPackagene  
extracts．   

Pゆ椚erd∫gCゐロブ〝鮎α〔・正明げC尺ノ  

A fragment ofthelarge subunitribosomalRNA gene（1su rRNA）was  
amplinedusingprlmerSdesignedfromthealignedplastidDNAsequencesofT・  
gondii（Beckersetal．1995；T．gondiiplastidsequenceaccessionno・U18086）and  

Pjhlc如rum plastidDNA（accessiomno・Ⅹ61660）・Theelongation factorTu  
（TqJA）genewasalsoamplinedusingprimersdescribedelsewhere（GJeesonand  
Johnson，inpress）（lbblel）・  

ThePCRreactionswereconductedinalOOjLIsolutionwhichcontained25  
mMdNTPs，25mMMgC12，50pmolprlmerS，1unitTaq・1×Taqbufferand50－  
100ngoftemplateDNA・EachreactionwascarriedoutinaO・5mlmicrotubeand  
overlaidwithlOO〃lofmineraloil・Theamplincationprogramsconsistedof30  
cycles5tartlngwitha2mindenaturingstepat92Dc，fo11owedby2minofprlmer  
annealingattemperaturesranglngfrom48－550c andfhishimgwith2minof  
prlmer eXtenSion at720c・The PCRproducts were separated byagarose gel  
electrophoresisandvisualisedbyethidiumbromidestainlng・   

尺dわdCJル叩和白玩gげーゐegg〃β肌icβⅣA抽rαr～g∫  

Probeswerelabeledwithradioactive32［P］－dÅrPinthepresenceofTris－  
HCIpH7・5・MgCl2，dNTPs，randomnanomersandlunitofKlenowfragment・  
The reaction wasincubated for atleast20min at370c and terminated by the  
additionofEDTA（20mMfinalconc）．［mmediatelybeforeuseinahybridisation  
experimentthemixturewas denaturedby heatIngat95Ocfor5min andsnap  
chilled on ice, 

血血沈肌げ卯血血＝血服  

Thetransferofplaquestonitrocellulosenltersandthesubsequentisolation  
ofpositiveplaques wasaccomplished followlng themanufacturerrsinstructions  
（Promega一入GEMlltechnicalbulletin）・   

坤加址融加  

Nitrocellulose membranefilters were prehybridisedfor atleast2hrs at  
65Ocin263mM Na2HfO4PH7．2，1mMEDTA，7％SDS，andl％BSA・The  
Prehybridisation mix wasthen discarded and amother50mlof hybridisation  
solution plus the radioactivelylabeled probe was added andleft to hybridise  
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LSOI－AT10N OF THE PLASTID DNA OF TOXOPLASMA  

OVernight・Afterhybridisation theprobe mix wasremoved andthemembranes  

WereWaShedtwicewith2×SSC（30mMNa3C6抽07and300mMNaCl，PH7．0）  

andO・1％Sl）Sfor30minat65Oc．fbllowedbytwowashesinO．1％SSCandO．1％  
SDSfor30minat65Oc．   

βMp〟r研cα血刀  

Phagelysate was prepared fo］lowlng the manufacturersinstructions  
（Promega一九GEMlltechnica）bulletin）．DNAse（17Eg／ml）andRNAse（10yg／ml）  
WerethenaddedaTldthemixture wasincubated with shakingfor30min．1M  
NaClandlO％PEG－6000weredissoIvedintothelysateandthemixturewasleft  
at40C overnight・The phage－PEG complex was pe11eted by centrifugation at  
10，000rpmfor15minat40c．ThesupernatantWaSdiscardedandthepelletwas  
resu叩endedwith500mlofTMNbuffer（10mMTris－HCIpH7．5，10mMMg2＋  
andlOOmMNaCl）．The solutionwasthentransferredtoal，5mlmicrotubeand  

extractedtwicewithanequalvolumeofch］oroform，retainLngtheaqueouslayer・  

AnequalvolumeofsaturatedaqueousphenoIwasadded，thesolutionwasmixed  
byinversionandspunfor2minatmaximumspeedinamierofuge．Theaqueous  
layer was retained and the extraction process was repeated using aqueous 
Phenol＝Chloroform（1＝l）andagainusingchloroform：isoamylalcohol（24＝1）rThe 

phageDNAwaspreclpltatedoutbyadding50FLlof3Msodiumacetateandl－5  
mlofethanolandleavJngthesolutionforatleastlhr atL20Oc・The DNAwas  
pelleted bycentrifugationin amicrofuge at ma3（imumspeedfor10min・The  
Pelletwaswashedwith70％DNAgradeethanol，VOrteXedbrienyandcentrifuged  
again．Thepelletwasthendriedinadesiccatorfor2hrsandresuspendedinlOO  
jLlofbuffer TE（10mMTris－HClpH8．O andlmM EDTA）・TheDNA was  
quantitatedandassessedforpurityusingaGeneQuantspeCtrOPhotometer・   

／ハ＼1、・l／仙リJ・、りJぐ  

DireetsequenclngOftheplaqueDNAwasaccomplishedusingamodified  
VerSionofdideoxychainterminationsequencing（Sangeretal．1977）・The17pl  
reactionswerecarriedoutuslngaSequaThermTMLongReadTMcyclesequenclng  
kit and contained2FLg Of template DNA，5pmoIof T7Promoter or SP6  
Promoterdye－1abeledprimer（Li－Cor），lxSequaThermTMbufferandl．5unitsof  
SequaThernlTMDNApolymerase・4ylaliquotsofthismixwereaddedtoO・5叩l  
microtubeseachofwhichcontained2F1lofoneoftheterminationdNTPs・The  
amplifilcation program consisted of35 cycles which began with a 30sec  
denaturationat92Oc，followedbylOsecannealingat40Ocand30secannealingat  
50Oc，finishingwith30secofextensiona－70Oc・Thereactionswereconducted  
withoutoilon aMJPTC－100ThermalCycler with aheatedlidfunction・Each  
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lSOLATlON OF THE PLASTID DNA OF TOXOPLASMA  

reactionwasterminatedbytheadditionof4mlofstopsolution／rumingdye（95％  
V／vformamide，10mMEDTÅ，0．1％xylenecyanol，0．1％bromophenolblue）・  
Thefoursequencingreactions（G，A，TandC）foreachsamplewereloadedside  
bysideonaLirCor66cm（0．25mmthick）polyacrylamidegelpreheatedto450c・  
Thegelwasrun at2，000V，25mAand45WforatLeast12hrs・Animageof  
eachrunwasstoredonanIBMcompatiblecomputerusIngtheBaselmaglRv2，30  
SOftwarepackagewhichwasalsousediTlthereadingofthesequences・   

、＼′・押・一い・・神JJ、い  

The sequence obtainedfrom theautomated sequencerwas analysed and  
COmparedwith othersequencesavailableonGenBankusingtheBlastn program  
availablethroughtheAustralianGenomicInformationServiceNetwork（ANGIS）■   

U～fr（‡Cピ〃fr拘g（JJわ〃  

MethodA＝100JLgOfDNA wasplpettedintoanultracentrifugationtube  
coveredinfoil．lmlofHoechstdye（100jLg／ml）wasaddedalongwith200FLlof  
lOxEcoRlbufferandH20tomakeupa伽alvolumeof3ml・Themixturewas  
thenleft forlO min before theaddition of7．2mlofsaturated cesium chloride  

（CsCl），Theairremaininginthetubewa5remOVedbytheadditionofmineraloil  
beforethetubewassealed．Thetubewasthenspunfor22hrsat45，000rpm，after  
which time theDNA wasvieweduslngaUVlightandextractedfrom thetube  
uslngan18G needleandsyrlnge▼The Hoechstdyewasremovedbyextraction  
withanequalvolumeofisopropanol・AftermixlngbyinversioTlthesolutionwas  
centrifugedfor5min at4Oc・Thisextractionwasrepeated sixtiTT．eS・TheCsCI  
WaSremOVedbydilutingtheDNAsolutionwithH20（3＝1）andetJlanOl（2：1，V：  
volumeofundilutedDNA）．Thesolutionwasgentlymixedbyinversionandleftat  
40cfor15min・TheDNA waspe11eted by centrlfugationfor15minat4ロC，  
washedwith70％ethanol，airdriedandnnallyresuspendedinTEbuffer・  

MethodB：Aso11tlinedinCardneretal．（1988）．   

efdgg〃rわー20β〃AJ）〟r折cα∫わ〃  

TheplasudDNAwasextractedusingQiagenTip－20sfollowingtheQiagen  
PrOtOCOJ・TheamountsofPl，P2andP3buffersaddedinthefirstthreestepsof  
the method wereincreased from O．3mlto O．5ml，The DNA was run on aO．6％  

agarosegelandvisualisedbyethidiumbromidestainlng・   

、＼・りl持．J〃り・・訂ト：・  

DNAfromagarose gelswastransferTedto nitrocellulosemembranesfor  
PrObingusingthemethoddescribedinSambrooketal・（1989）・  
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lSOI＿ATION OF THE PLÅSTID DNA OF TOXOPLASMA  

⊥β柁gPC尺  

Thelong PCRreactionswere conductedaccordingto themanufacturerTs  
instruCtions（ExpandTM20kbP］uspcRSystem）withthefollowingmodincations：  
dNTPswereaddedinafinalconcentrationof2mM，theamountoftemplateDNA  
addedwasincreasedtoljLgandtheamountofExpandTM20kbPlusenzymemix  
WaSreducedtoO・5ylperreaction．The reactionswere run onanMJResearCh  
PTCL200DNAEnginefor25cycleswitha10secdenaturlnBStePat920c，30sec  
annealingat55－60匂cand12minextensionat68Dc・Theproductswererunona  
O・6％agarose gelto separate the bands which were visualised by ethidium  
bromideunderUVlight一  

助blel・PrimerDesi卯S  

Gene  Primer  Reference  

】surRNA fwd：5－TACAGAしmCACATCAGG3－  

lsurRNA rvs：5－1111ACATCGGATACGGACCG3r  

町A fwd：5■GCTCATmGATTGTCCrGG3T  
瑚A rvsl：5－CCTGCTCCmGT3I  
TufA rvs2：51CCAGGACAATCAJWGAGC3’  

（lhisstudy）  

（thisstudy）  

（GleesonandJohnson，inpress）  

（GleesonandJohnson，iTlpreSS）  

（Gleesonal］dJohnson、jnpress）  

TPOC fwdl：5’CCCAmGATCTCCATCAAA」へTCAGC3’（thissTudy）  

TPOC fwd2：51TCGTTTCTTCrⅣu汀ÅGTGGTGATAAAT3’（FicheraandRoos1997）  

TPOC rvs：5’AGmCTCCTLVTGCCCAWGGT3’  （FicheraaJldRoos1997）  

SSurRNA rvs：5’lnCGGCTACCTTGTTACGACTTCA31（EgeaandL＆ng－Unnasch1995）  

RESULTS 

J’l〟ミ帖～八、八  

TodetermilleWhetherthep］astidDNAwaspresentinallofthestrainsofT．  
gondii，aninitialPCRwasconducteduslngprlmerSdesignedtoasectionofthelsu  
rRNAgene・AlloftheT・gOTldiistrainsavaiJabIeinourlaboratorywereincluded  
inthisstudyastemplateDNAforthePCRreactions・A594bpproductwasseen  
inalleightreactionswhichhadvirulentstrainsastemplateDNAandinallseven  

reactionswhicllhadavirulentstrainsastemplateDNA（datanotshown）．  

∴、．一   
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P形わf乃gq／ge〃0椚わβ〟A〃みr（Zr～e∫  

Lambda libraries were constructed using the genomic DNA from three 

differentstrainsofT．gondii：thevirulentstrainRH，theavirulentstrainMe49and  
themutantstrainS48．Eachlibrarywasprobedwithradioactive32P－1abeledPCR  
PrOductsobtainedfromthelsurRNAamdtheTqfAgenesontheplastidgenome・  

UsingthelsurRNAprobe，ninepositivecloneswereisolatedfromtheRHlibrary，  

eightfromtheMe491ibraryandfivefromtheS481ibrary．Similar］y，uSLngthe  
叫Åprobe，fivepositivecloneswereisolatedfromtheRHlibrary，tWOfromthe  
Me491ibraryandeightfromtheS481ibrary．DNAfromthecloneswasobtained  
andsequenceddirectlyfromthe5－enduslngaT7Promoterdye－1abeledprlmer，  

andfromthe3’endusingaSP6Promoterdye－1abeledprimer・Initialattemptsat  

SequenClng the DNA were not successfu1・However，OPtLmisation of the PCR  
reaction，theuseofhighqualityTaqpolymeraseandtheveryquickramplngt】meS  
OfanewMJcyclerlOOPCRmachinegaveveryclearsequenclngrunSuptO900  

bpinlength．   

（－早′川・－・．…．一古、Jヾ  

The resultiTlg SequenCeS Were Submitted to theBlastn searchprogramin  
ANGISforidentification．Ofthe clonesisolatedwiththelsurRNA probe，One  
RH，threeMe49andoneS48cIonewerepositivelyidentifiedasTLgOndiiplastid  

DNA・Thesesequencesshowed96－98％homologywhencomparedwiththeentire  
T. gondii plastid genome which had previously been submitted to GenBank 

（accession no．U18086）．However，Only one end ofeach clone alignedwitha  
SeCtionoftheT・gOndiiplastid・ItwasnotpossibletosequencetheRHcloneuslng  
theT7primer．ThethreeMe49clonesal1showedhomology（67－73％）tohuman  
DNA when sequenced fromthe 31end，Whilst the S48 clone was highly  
homologoustoE．coliDNAwhensequencedfromthe31end．Noneoftheclones  
isolatedusingthe7bJAprobewereidentifiedasT，gOndiEp）astidDNA・   

UJfrdCeJ抑拘g（‡Jわ〝  

DNA from both the RH and the Me49 strains was purified by  

ultracetrifugationuslng tWOdifferentCsClgradientfractionation methods－The  
first method used Hoechst dye tovisualise the DNA，Whilst the secoTld used  
ethidium bromide．Both methods useddifferingamounts ofCsClanddifferent  
Spln times・Jn both ca5；eS Onlythe genomic DNA band wa5apparent，With no  
evidenceofasate11ite，CircularDNAbarld．   

C流刑叩耶匝血涙  
IsolationoftheentireplastidDNAfromthethreestrainsofT・gOndEiwas  
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ISOLATION OF THE PLASTID DNA OF TOXOPLASMA

also attempted using Qiagen Tip-20s. When visualised on a gel, the purified DNA 
solution ran as a smear with a single band visible at approximately 30-35 kb (Fig. 
1). Southern blots of gels containing both the purified plastid DNA and genomic 
DNA were probed with both radioactive 32P-labeled TufA and lsu rRNA plastid 
probes. In both cases more probe hybridised to the purified plastid DNA than to 
the genomic DNA. The blot probed with the lsu rRNA probe was also 
considerably more intense than that probed with the TufA. Multiple banding was 
seen in the lane containing the plastid DNA with both probes, although more 
bands were highlighted by the lsu rRNA probe. Minimal or no binding was seen 

in the lanes containing the Vero and RAW cell DNA lanes. 

Long PCR 

35 kb ・〉

7.5 kb-> 

2.5 kb-> 

M RH Me 

Figure 1. Column purified plastid 
DNA. Lanes 1: 2.5 kb Molecular 
Ruler marker (BioRad), 2: Purified 
RH plastid, 3: Purified Me49 plastid. 

Finally, long PCR was trialed for isolation of the plastid DNA. Primers 

were designed for regions on the plastid genome that gave end products which 

were 10.6 kb, 11.0 kb or 11.6 kb and 13.7 kb in length (Table 1, Fig. 2). Bands 

were obtained from the RH and Me49 strains of T. gondii, as visualised by 

ethidium bromide on an agarose gel. Positive identification of these PCR products 

was obtained by southern blots and DNA sequencing. 

DISCUSSION 
Within the Apicomplexa, plastid DNA has been identified in species from 

the three major groups of Apicomplexans: the haemosporins - Plasmodium sp., 

129 

ISOし＜＼TION OF THE PLASTID DNA OF TOXOPLASMA

(Wilson et al. 1996; Yap et al. 1997) the coccidia - Toxoplasma, Neospora and 
Eimeria, (Borst et al. 1984; Egea and Lang-Unnasch 1995; Gleeson and Johnson 
in press; Kりhler et al. 1997) and the piroplasms - Babesia and Theireria (Gozar 
and Bagnara 1995; Wilson et al. 1996). The presence of the plastid DNA in these 
major groups implies that it may be found across a wide range, if not in all 
Apicomplexans 固 It was not surprising then, that the initial PCR conducted in this 
study showed that the plastid DNA is present in all of the strains of T. gondii 

available in our laboratory. The strains used in the experiment were a 
representative sample of T. gondii strains and on this basis it is postulated that the 

plastid DNA would be present in all strains of T. gondii. 

23.1 kb ・〉

9.4 kb-> 
6.6kb ・〉

4.4 kb ・〉

1 2 3 4 5 6 7 8 
Figure 2. Long PCR products. Lane 1: 
Lambda HindIII marker; lane 2: negative 
control; lane 3-5: Me49 10.6 kb, 11.0 
kb and 13.7 kb PCR fragments; lanes 6-
8: RH 10.6 kb, 11.6 kb and 13.7 kb 
PCR fragments. 

Probing of genomic DNA libraries led to the isolation of multiple positive 
clones from each of the strains of T. gondii. The libraries were probed with both
the lsu rRNA and TufA plastid gene fragments, as these two genes are located
opposite one another on the gene map of P falciparum (Wilson et al. 1996). Hence
it was anticipated that the clones isolated from the libraries using these probes
would encompass the entire 35 kb plastid genome. Unfortunately, only the
se吐uence from one end of each of these clones aligned with the available plastid
sequences in GenBank, which meant that 100% positive identification of these
dones was not possible. There are variations in the sequence of the plastid DNA
a盟ong the different strains of T. gondii (S. Munro, unpublished data). Also,
multiple copies of the plastid genome have been reported to be present in each
tachyzoite and their sequences may vary (Fichera 組d Roos 1997; Kぬler et al.
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the lsu rRNA and TufA plastid gene fragments, as these two genes are located
opposite one another on the gene map of P falciparum (Wilson et al. 1996). Hence
it was anticipated that the clones isolated from the libraries using these probes
would encompass the entire 35 kb plastid genome. Unfortunately, only the
se吐uence from one end of each of these clones aligned with the available plastid
sequences in GenBank, which meant that 100% positive identification of these
dones was not possible. There are variations in the sequence of the plastid DNA
a盟ong the different strains of T. gondii (S. Munro, unpublished data). Also,
multiple copies of the plastid genome have been reported to be present in each
tachyzoite and their sequences may vary (Fichera 組d Roos 1997; Kぬler et al.
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1997），Such variations，plusthe hctthat only one T．gondiiplastid sequenceis  
availablein GenBank（comT）ared with the multitude of human and E．  
SequenCeSpreSent）meansthatthelikelihoodofavariablesectionofourT．gondii  

plastidsequencealigmingtothesequencepresentinGenBankisminimal．   
1nalloftheisolatedpositiveclones，theendswhichwereidentifieda5T．  

gondiiplastidalignedwithsectionsoftheplastidBenOmeWhichcontainthelarge  
andsmallsubunits ofthe rRNAgenes．The sequencealignments showedahigh  
homology（96－98％）whichindicates thatthe plastid rRNA genes are high1y  
COnSerVed．Sucharesllltis supportedbytheinitialPCR，Whichshowedthatthe  
ampl浦ed fragments ofthelsu rRNA gene were of simi1ar sizeina110fthe T・  

gondlistrains・Similarly，nuClearrRNA geneshavepreviously beenshowntotx  
COnSerVedamongstrainsofT．gondEi（Lutonetal．1995）andsuchconservationis  
COnSistentwiththerelativelyspecificmechanicalfunctions（）frRNAwithincells．  

ExtrachromosomalDNAhaspreviouslybeenisolatedfromPjblcbarum  
by means ofCsClultracentrifugation（Wlliamson et al・1985；Gardner et al・  
1988）1In thelatterof these studies theisolated DNA wasidentified as plastid  
basedonelectrommicroscopyresultsandDNAsequenclng．Attemptstoisolatethe  
PlastidDNA from T．gondiitachyzoites uslngtWO differentultracentrifugation  
techniques showed onlythepresenceofthe nuclearDNA・As the PjhZciparum  
plastidgenomeisknowntobeveryA／Trich（WilliamSOnetal・1985）itwould  
haveadifferent gradientbuoyancy tothatofT．gondiiandhencetheT．gondii  
Plastidgenomemaynothavevisiblyseparatedfromthenucleargenomeunderthe  
conditionsused．AIso，thenumberofparasitesusedintheexperimentsmayneed  
tobeincreasedasahighconcentrationofDNAisrequiredtovisualisetheplastid  
band（Gardneretal．1988）．   

IsolationoftheplastidDNAviacommerciallyavai1ablecolumnshasbeen  
PreviouslyreportedforthemurinemalarialspeciesPLasmodiumbefghei（Yapet  
al．1997）．The resultsofthecurrentsttldyshowedthatwhen T．gondiigenomic  
DNAisappJiedtothecolumn，theeluateishighlyenrichedinplastidDNA・In  
PCRexperiments，DNA fragments from thelsu rRNA were readily obtained  
whentheeluatewasusedastemplate．Whenviewedonanagarosegel，distinct  

bands are present at approximately35kb（Fig，1），and these bands were  
highlightedinsouthern blotsprobedwithradioactivelylabeled fragmentsofthe  
plastidlsurRNAandTLdAgenes．Anumberofotherbandswerealsohigh1ighted  
bythedifferentplastidprobes・ThelsurRNAprobehighlightedmorebandsthan  
theT〟Åprobeandithighlightedthosebamdsmoreintensely・Sucharesultcanbe  
explainedbythefactthattherearetwocopiesoftherRNAgenes（arrangedina  
Characteristicinvertedrepeat）ontheplastid genome，andhencemore probeis  
bound．ThemultiplebaJldspresentinthegelareprobab］ytheresultofthenicked  
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andsupercoiledcircularplastidmoJeculesrunnlng atdifferentpositionsonthe  
agarosegelthantherelaxedcircular，Plastidcounterpart・Thepresenceofbands  
largerthanthe35kbplastidmayalsobeduetolinearisedfragmentsofplastid  
DNArecombininglntOdimers andtrimers・Similarmultiple bandinghasbeen  
describedinpulsedneldDNAstudiesconductedwithEimeriatenella（Smithand  
Cantor1987），T，gOndii（Williamsonetal．1999）andNeosporacaninum（Gleeson  
andJohnson，inpress）・  

The column eluate also contained other smaller pleCeS Of DNA which  
appearedasasmearandwhichdidnotbindtotheplastidlsurRNAandT可Å  
probesortoanuclearrRNAprobe・ThesesmallerfragmentsofDNAappeartO  
belinearwhenviewedbyelectronmicroscopy（datanotshown）・Itishypothesised  
thatmanyOftheselinearpleCeSOfDNAarethe6kbmitochondrialelememtofthe  
parasite，Whichareoftenarrangedinhead－tO－tailoligomers（VhidyaandArasu  
1987）．  

LongPCRisanove］techniquewhichcanbeusedtosynthesiseproducts  
whichexceed20kbinlength・Inthecurrentstudy，longPCRwaseffectivelyused  
toisolatespeCificfragmentsoftheplastidDNA・PCRprimersweredesignedto  
obtainPCRproductswhichcoveredalmosttheentire35kbplastidgerlOme・The  
productswereapproximatelylO・6kb，11・Okborll・6kband13・7kbinlength  
andwereisolatedfrom boththeRHandtheMe49strainsofT．gondii（Fig・2）・  
CarefulselectionofprlmerreglOnSandhighqualitytemplateDNAwerefoundto  
tx，themostimportantcomponentsofasuccessfu1reaction・Bothcoltlmnpurified  
genomicDNAandcolumnpurifiedplastidDNAwerefoundtobeunsuitableto  
usea5template・Thecolumnpurificationprocesspresumablycontainscomponents  
whichinhibitthelongPCRreaction・Southernblots，prObedwiththetwoplastid  
probes，COnfirmedthatboththell・00rll・6kbandthe13・7kbbandscontained  
sectionsofthelsurRNAgenewhilstthelO・6kbbandcontainedasectionofthe  
TtdAgene．ThePCRproductswillnowbeusedintheconstructionofrestriction  
enzymemapstoidentifypolymorphismsintheplastidDNAamongthedifferent  
Stra主nsofr．g（）〃d～J．  
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