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AI‡STRACT  

The ciliate Tbtltlhymenaparavorar strain Sin amonoxenic culture was  
Sterilized by treatmentwith antibiotics andthen was cultured axenica11yln a  
proteosepeptone－COntaining（PYG）medium．Theoptimaltemperatureofthecell  
growthwasat26to280c．Theinitialcelldensityisnotanimportantparameter  
fortheearlystageofthece11growthinthePYGmediumbecausethecellsstarted  
PrOliferationandgrewatthesamerateindependentoftheinitialcelldensity．The  
Culturemediumintheloga血hmicphasehadactivjtiestoeElhancethegrowthrafe  
Ofthe ciliate，While the culture mediumin the stationaryphase had growth－  

jnhibjtoryactjvitjes．Theseresults showrelease offactorsfrom Tb（rtlhymenato  
regulateitsproliferation．   

1NTRODUCTION   

Inrecentyears，manykindsofgrowthfhctorshavebeensuggestedtohave  
functionalrolesincellBrOWthand／ordi能rentiationininver［ebra【esillC］udjng  

nematodes（Greenwald1985）and seaurchin（Yangetal．1989）andvertebrates  
（for review seeBurgess and Maciag1989）．Inthe pa∫aSitic protozoa，SeVeral  
reportssuggestthatmammaliangrowthfactorsareinvoIvedinregulatinggrowth  
Oftrypanosomes（Hirumietal．1977；Hideetal．1989）．  
Asforfree－1ivingprotozoa，Hosoyaetal．（1995a）reportedthatfbtalbovine  

Serum has activities to enhanCe the growth rate of Tetrahymena．While this  
activitywaspurifiedandiden【ifiedas〔12LmaCrOglobulin，jtispreserLt］yunknowz7  
the existence of〔12，maCrOglobulin orfunctionaL homologuein Tbtrahymena・  
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恥nabe etal・（1990）reported purincation ofa Paramecium growth fhctor  
（ParGF）inthe culturemediumofParamecium tetrauTPLia．AlthoughParGF  
restoredthe鮎sionrateofamutantWithashortclonallift－SPanuPtOthelevelof  
wi1dtypeIWhe｛heritpromotesthecelldivisionofnormalcellsremainsunknown．  
WhilemuchinbrmationhasaccumulatedonthegrowthofT壱trahymena  

PyゆrmisandT・thermqphiLa，】ittleisavailableonotherspeciesofthegenus  
TeErahymena・Thus，We describethe growthcharacteristics ofT・ParaVOrar．  
1nterestlngly，Culturemediuminthelogarithmicphasehadactividestopromote  
thegrowthrateoftheciJiate・Whiletheculturemediuminthestationaryphas8  
hadgrowth－inhibitoryactividesasobservedinT．pyr陶rmis（Suzukietal．1996）．  
Inthisreport・WeSuggeStthatTbirahymenacellsproduceandreleasefactorsthat  
actonthenormaJcellsandregulatethecellproliferation．   

MATERIALS AND METHODS   

CeJJC〟JJ〟柁  

TheciliateTetrahymenaparavoraxstrair）Swasused．Ce11swerecultured  
axenicallyin aPYG medium（Watanabe et al．1981）consistingof2％（W／v）  
PrOteOSePeptOne（DifcoLabsT，Michigan，USA），1％（W／v）yeastextract（Oriental  

YeastCo・Ltd・，Tokyo，Japan），andO・6％glucose．Insomeexperiments，Cellswere  
Cu］tured monoxenica11yin alettuceinfusioninoculated with KlebsieLLa  

PneumOniae24hrsbeforeuse・Theinfusionwaspreparedbyboilingwith0．05％  

（W／v）driedlettucepowderinwaterasdescribedpreviously（Hosoyaetal．1995b）．  

Unlessotherwisedescribed，logarithmicallygrowlngCellswereinoculatedintothe  
Culturemediumandkeptwithoutshaking・   

馳r版αJわ〃げ血肋乃ロJβ乃JcC〟血作  

Cellsin bacterizedlettuceinfusion were washed three times with an  
inorganicsoJution（34mMNaCl，1LlmMKClandO・8mMCaC12）andthenwere  
inoculatedinto a PYG medium．To remove bacteria，penicil】in（MeijiSeika  

Kaisha，Ltd・，Tokyo，Japan）and streptomycin（MeijiSeika Kaisha）were then  

addedtoannalconcentrationoflOOumitsJmlandO・lmg／ml，reSpeCtively，and  
kept overnight at26Oc．The sterilized cells were washedwith theinorgamic  
SOlution，inoculatedintothePYGmediumandusedintheaxenicculture．   

A抽御メ如（九州血－Pm椚0血gα′d G和WJん一砂地血りA止血払わ＝毎⊂加加  

肋df以椚  

Cells were culturedin the PYG medium．Conditioned mediaizlthe  
logarithmicphase（1dayafterstartofcellculture）andstationaryphase（4days   
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afterstartofcellculture）werepreparedasdescribedpreviously（Suzukietal・  
1997）．Ce11swereinoculatedin10－mlErlenmyerflaskscontaining2mlofafresh  
culturemedium，Whichwasdilutedwiththeconditionedmediuminvariousratios，  
andkeptwithoutshakingat260c・Celldensitywasmeasuredasdescribed  
previously（Suzukietal・1997）・   

RESUuSANDDISCUSSION   

Gmw班C加rαCJgr由血∫q′乃什〟ゐブ仇ビ〝叩dr（IVO化芳  

Thecellsinthebacterizedlettuceinfusionweresterilizedbytreatmentwith  
antibiotics，andwerethenculturedinthePYGmediumaxenically・Asshownin  
Fig，1，themaximalcelldensitywasincreasedmarkedlyintheaxenicculturethan  
inthemonoxenicculture，thoughthelettuceinfusionsupportedhighergrowth  
rateinthelogarithmicphasethanthePYGmedium・  
Temperatureisoneofthemostimportantfactorsforthecellgrowth・Fig・  

2AshowstherelationbetweentemperatureandgenerationtimeforT・ParaVOrar  
whenculturedinthePYGmedium．Thecellgrowthwasoptlmalat26to28Oc・  
ThetemperatureOPtlmumforcellgrowthseemsspeCleSandstmin－dependent：T・  
pyゆrmisstrainGL（Prescott1957；Cameron1973）andW（Watanabe1963）  
showanoptlmumat29Ocand26QC，reSPeCtive）y，andT・therfnqPhllahasan  
hiBhertemperatureoptimum（HoIzetal・1957）・  

Fig・1GrowthcurvesofT  
p8nル0伯方Cultured axeni0011y  
ormonoxenjca11y．CeLIs were  
cultured axenicallyina PYG  
med山m（○）ormonoxenidly  
inabacted沈dlemlCeinfusion  

（●）．Cellswerein∝uh比din  
200－m］ Erler［myer flasks  
COn血n■ng30血of仙e¢ultu代  
medium．AniIlitialcelldenslty  

was2・5cells permland was  
kept at24凸C・The me弧Of  
血相ee叩erlmentSWaSShown・   
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Tomporature（OC）  Days  

FiB・2E晩ctsoftemperatuTeandirlitialcelldensiサOnthegrowthofTpaTmWrnr．  
Ce11swerein∝ulatedin200－nL ErLeTlmyernaSks contaihing30mlof血ePYG  
medium・（A）Thereladonbetweentemperatureandgenerationtime．CelJculturewas  
Sta血ddanini血1celldensityof25celIsperrnlandkep（a（Vadous temperature．  
GeneradorltimewasestimatedfromtheloganthmlCPOrtionofthegrowthcurve・The  
m貿ul止血胱朗準血1e鵬WaSShown．（B）Growthcun佗SOfrpαrα叩WatVadous  

inidalce］1densities・CellswereculturedataJlini血1celldensityofO．26（○），2．6（●）  
and26（△）ce］1spermi且t26qC．Themeanofthreeexpehment5WaSShowJ］．  

Effectsofinitialcelldensityonthece11growthinthePYGmediumwere  

examined 7ttrohymena paT・aVOraX WaSinoculatedintothe PYG medium at  

Variousinitialcelldensities（2．6×10‾1tolO］ce11sperml）．Itwasobservedthat  

thece11sstartedproliferationindependentoftheinitialcelldensio，Whilethelinal  

Celldensitywasincreasedin a starting densityLdependent manner（Fig．2B）．  
Christensen and Rasmussen（1992）reported that T．thermqhila cellsin the  
Cultureshaving250cellspermlorlessinitialcelldensitydiewithoutcellgrowth  
Whenculturedinasyntheticmedium．Incontrasttotheirreport，OurreSultsshow  
thatcelIscangrowevenatanini†ialdensityofO．2cellsperml．Itshouldbenoted  
thatthecellsgrow atthe samerateinthelogarithmic phaseasatahighercell  
densitywhentheculturestartsatalowcelldensity（Fig．2B）．Thisisconsistent  

WiththepreviousreportinwhichT・the77nPPhiLaproliferateatthesamedoubling  
timesoncetheysurviveandstartproliftration（Christensen＆Rasmussen，1992）．  
Theseresultsshowthattheinitialce11density（2．6×10‾1tolOIce11spermi）isnot  

animportantparameterfortheearlystageofthecellgrowthinthePYGmedillm．  
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rIbdeterminewhetherthecelldivisionofT，ParaVO［arlSregulatedbysome  
factorsreleasedfromitself，effects oftheconditioned mediaofT．paravoraxon  
thegrowthwereexamined．AlthoughthelethlCeinfusionsupportedhighergrowth  
rateinthelogarithmicphasethanthePYGmedium（Fig・l），Cellswerecultured  
iT）thePYG medjumaxer］icallybecausebacteriaand／orits derivativeshouldbe  

excludedasresponsiblefactorsforthegrowthregulation・AsshowninFig・3A，  
theculturenlediuminthestationaryphaseofT．paravoraxhadactivitiestoreduce  
thegrowthrateoftheciliatemarkedly・Inthepreviouspaper，Wehavedescribed  
thesame activitiesin theculture mediumofstationaryphase ofT．pyrdbrmis  
（Suzukietal．1996）．  
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Fig．3E晩ctsorcondjti即edmedjaon血egrowthof7’クdmVOr∬・Celtswerecu血red  
at26Ocin the fresh PYG rnediurn，Wrlich was dilutedi11Varlous ratlOS Withthe  
COnditionedrnediumofthestationaryphase（A）ortheLogarithrnicphase（B）．TTleratios  
OF仙e condi【iondmedjum we帽0％（a），25％（b），50％（c），75％（d）andl00％（e），  
respeCtively、（A）Growth－inhibitory activitleSirlthe culturemediumofthestatiorlary  
phase．Cellswereculturedfor36hrsandthenthecelldensltyWaSrneaSured・Themear［  
Of three experiments was shown．（B）Growth－PrOmOtIng aCtividesirld7e CU血re  
medium ofthelogahthmlC phase．Cells were cultured for12hrs and then山e cell  
densltyWaSmeaSllred．ThemeanofthreeexperlmeT．tSWaSShown．  

Next，effects ofconditionedmediuminthelogari［hmicphase onthecell  

growth were examined．Cel】s were culturedin rhefresh cul山re medium which  

was dilutedwiththe conditioned mediumin various ratios．Whenthe ratio ofthe  
COnditionedmediumwasraised，themaximalcelldensitywasnotincreased（data   



GROWTH CHARACrERISTICS OF T月1RjWORAX   

notshown），however，meaSurementofcelldensityat12hrs afterstartofcell  
CultureconfirmedthatamodestbutreproducibleincreaseintheBrOWthrate  
OCCurredin a dose－dependent manner（Fjg・3B）・Simi1ar growth－PrOmOting  
activitieswereobservedwhenr・Pyr拘rmisstrainWwasusedasamaterial（data  
notshown）・TheseresultssuggestthereleaseoffactorsfromTbtrahymenato  
acceleratece11divisioninthelogarithmicphase．   

IthasbeenreportedthatT thermtphilaproduceandreleasefactorsthat  
Stimulatethecellstoleavethelagphaseandstar［ce11proliferationinasyn血etic  
medium（ChristensenandRasmussen1992）・InParamecium，ParGFwaspur沌ed  
asafactorforrestorationofthefissionrateofamutantwithashortclonallife＿  

Spanup tO thelevelofwildtype（1臨Ilabeetal．1990）．Thefission rateofthis  

mutantWaSalsorestoredinresponsetotheconditionedmediumofr・∫hennpphiLa  
andT・Pyr的rmis（Tbkusumietal．1996）．Thesefactorsarefoundtobedifferent  

fromthosereportedinthepresentstudybecauseourresultssuggestthatunknown  
faetor（s）acts on the normalcells at thelogarithmic phase，althoughthe  
mechamimsinregulatingthecellgrowthby suchfactor（S）are notpresently  
known・Itisnecessarytocharacterizeandidentifythefactor（S）toelucidatethese  

mechanisms．  

ACXNOWLEDGMENTS  

WethankDLM・Suhama（ShikokuGakuinUmiversity，Japan）forgivingus  
Tb加hymenaparavuraxstrainS．WealsothankDr．M．Murata－Hori（Hiroshima  

University，Japan）forvaluablediscussionsandsuggestions．  

REf’ERENCES  

Burgess，W・H・＆Maciag，T・1989．Theheparin－binding（nbrobrast）BrOWth   
factorfami1yofproteins．Annu．Rev．Biochem．58：575－606．  

CamerOn，I・L・1973・GrowthcharacteristicsofTetrahymena．，inE11iott，A．M．，   

ed・，BiologyofTetrahymena・Dowden，Hutchinson＆Ross，Stroudsburg，   
Pennsylvania，PP．199－226．  
Christensen，S・T・＆Rasmussen，L1992・Evidenceforgrowthfactorswhich   

COntrOIcellmultiplicationinTetrahymenathermophila・ActaProtozoologlCa  
31：215－219．  

Greenwald，I・1985・1in－12・Anematodehomeoticgene，ishomoIogoustoasetof   
mammalianproteinsthatincludesepidermalgrowthfactor・Cel143：583－590 
Hide，G・，Gray，A．，Harrison，C．M．＆Tait，A．1989．Tdentificationofan   
epidermalgrowthfactorreceptorhomologueintrypanosomes・Mol・  
Biochem．parasitol．36： 51－60．  

ヴβ   



GROWTH CHARACrERTSTICS OF T f％RAVORAX   

Hirumi，H・，Doyle，J・J・＆Hirumi，K．1977．Africantrypanosomes：Cultivationof  
anima】infectiveTrypanosomabruceiinv血0．Science196：992－994．  

HoIz，G．G．，Scherbaum，0．H．andWi11iams，N．1957．Thearrestofmitosisand  

StOmatOgeneSisduringtemperatureinductjonofsynchronousdjvjsioLlin  
Tetrahymenapyriformis，matIngtyPel，Varietyl．Exp．CellRes．13：618－  
621．  

Hosoya，H．，Matsuoka，T・，Hosoya，NリTakahashi，T．＆Kosaka，T．1995a．   
PresenceofaTetrahymenagrowthpromotlngaCtivltyinfetalbovineserum，  

Develop．GrowthDiffeT137：347－353L  

Hosoya，H．，Kimura，K．，Matsuda，S．，Kitaura，M．，Takahashi，T．＆Kosaka，T．   
1995blSymbioticalgaeqfreestrainsofthegreenParameciumParameCium   

bursariaproducedbyherbicideparaquat．Zool．Sci．12：807－810．  
Prescott，D．M，1957．Relationbetweenmllltiplicationrateandtemperaturein  

TbtrahymenapyriformisstrainsHSandGL・J．Protozool．4：252－257．  
Suzuki，K．－MリNishihara，N．，Takal1aShi，T．，Kosaka，T．＆Hosoya，H．1996・   

Growth－inhibitoryactivitiesinTetrahymenaculturemediumofthestationary  

phase．J．Protozool．Res．6：68－75．  

Suzuki，K－M∴Hosoya，N．，Takahashi，T．，Kosaka，T．＆Hosoya，H．1997．Release   

Ofanew（y，identifiedcysteineprotease，【e摘血，fromTヒtrahymenajnto  

Culturemediumduringthecellgrowth．J．Biochem．（Tbkyo）121：642－647．  
Tanabe，H・，Nishi，N．，Takagi，Y，Wada，E，Akamatsu，T．＆Kqii，K．1990．   

PurincationandidentificationofagrowthfactorproducedbyParamecium   

tetraurelia，Biochem．Biophys・Res．Comm・170：786－792．  
Tokusumi，Y，Nishi，N，＆Takagi，Y1996．Asubstancesecretedfrom   
TetrahymenaandmammalianseraactasmitogensonParameciumtetraurelia・  

Zool．Sci．13：89－96．  

Watanabe，S．，Toyohara，A．，Suzaki，T．＆Shigenaka，Y1981．Therelationof   

COnCanaVa血AreceptordistribuIiontothecoqugationprocessin   
Tetrahymenathermophi）a．）．Protozool．28：17l－175．  

Watanabe，Y1963．SomefactorsTleeeSSaryfoproducedivjsionconditionsin   
Tetrahymenapyriformis．Jpn．］．Med．Sci．Biol．16：107－124．  

YhJlg，Q・，Angerer，L．M．＆Angerer，R．C．1989．Usualp班emofaccumu】ation   
OfmRNAencodinBEGFrelatedproteininseaurchinembryos．Science246：  
80（i－808．  

川β   


