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ABSTRACT   
Culture 
． 

culture mediuminthelogarithmic phase hadno growth－inhibitory activities・  

Theseactivitieswereheatstableandreduced bydialysisagalnStafresh culture  
medium．WhenthepHoftheculturemediuminthestationaryphase（pH7・4）was  
changedtothatoffreshculturemedium（pH6・5）1thegrowthrateoftheciliate  
wasrecovered．Further，WhenthepHofthefreshculturemedium（pH6L5）was  
changedtothatoftheculturemediuminthestationaryphase（pH7・4），thegrowth  
rateoftheciliatewasreduced．TheseresultssuggestthatthepHintheculture  
rnediumhasverylmpOrtantrOlesforce11growth・   

INTRODUCT10N  

Tetrahymenace11sinoculatedinafreshcuJturemediumatalowcelldenslty  
growlogarithmica．1y forl－2daysand then stop theirgrowlng・Toelucidate  
mechanismsofthegrowth regulationofTetrahymena・effectsofavarietyof  
environmentalfactorssuchasnutrition（Cameron1973；Prescott1957；Hofmann  
andCleffmanTl1981），metabolicproducts（Ho血annandCleffmann1981；Larsen  
etal．1988；GilliesandDeamer1980）andcelltocellcollisions（SaitohandAsai  
1982）have been reported．Furthermore，reCent Studies have suggestedthe  
presenceofcompoundsthatTbtrahymenacellsproduceandreleasetopromotethe  
cellgrowth of Tbtrahymena ce11s（Christensen and Rasmussen1992）and  
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Fbramecium cel】s（rIbkusumiet al・1996），and to arrest the cellcycle of  

Tbtrahymenacells（Murata－HoriandFltjishima，1996）．However，themechanisms  
in regulating the growth of Tetrahymena by such compounds are presently 
unknown．  

During the growth of TbtTdymena，alterationsin the culture medium  
OCeuLForexample，itiswellknownthattheculturemediuminthestationary  
phasehasanincreasedpH（Larsenetal．1988）．Thus，WeeXaminedtheeffbctsof  
PHonthegrowthofTbtrahymeTuZaSareSPOJISib）efactorforcessation ofce11  
growth・Here・Wefoundthat theculturemediuminthestationary phasehad  
activitiestoreduCethegrowthrateofTetTtlhymenamarkedly・Thesegrowth－  
inhibitoryactivitieswereduetotheincreasedpHoftheculturemediuminthe  
Stationaryphase・ThisreportsuggeststhatthepHintheculturemediumisvery  
importantforcel】growth   

MATERIALS AND METHODS  

C（・JJC〟J血相  

TheciliateTbtrahymenapyr的rmisstrainWwasculturedinaPYmedium  
COnSistingofl％（w／v）proteosepePtOne（DifcoLabs．，Michigan，USA）andO．5％  
（W／v）y印SteXtraCt（OrientalYeastCo．Ltd．，Tokyo，Japan）（Hosoyaetal．1995）．  
LogarithmicallygrowlngCe11swerein∝ulatedataninitialdensltyOf25cellsper  
mlandkeptat26Ocwithoutshaking・Conditionedmediuminthestationaryphase  
（4daysafter5tartOfcellculture）waspreparedasdescribedpreviously（Suzukiet  
aL1997）．   
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Tetrahymenacellswereinoc11latedataninitiaIdensity of25cellsperml  
andincubatedat26OcinlO－mlErlenmyer鮎skscontaining2mlofafreshPY  
medium，Whichis diluted withthe conditioned mediumin various ratios．Cell  

densitywasmeasuredonceadayasdescribedpreviously（Suzukietal．1997）．   
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To determine whether the growth－inhibitory activitiesin the culture  

mediumofstationaryphasewereinactivatedbyheating，theconditionedrnedium  
inthestationaryphasewasboiledforlOminat980c．Toexaminetheefftctof  
dialysis，anOther conditioned medium was dialyzed agalnSt the fresh cultur  
mediumovemightat40c・Aftersteri1izationbyfiltrationthroughaMILLEX－GS  

fi］ter（0・22JJm；MilliporeCo．Ltd．，USA），thesetwomediawereassayedfortheir  

ぷ汐   



GROⅥ1HINH【BITION OF TETRAHYMENA   

growth－inhibitoryactivitiesasdescribedabove．   

辟cf∫（げp〃0〃J如CピノJC仰仲r力  

Toexamine the effectsofpHon thece11growth，pH ofthe conditioned  
mediumorthefreshculturemediumwasadjustedwith50mM2－（N－mOrPhorino）  

ethanesulfonic acid（MES）or N－2－hydroxyethylpiperaZine－Nf－2－ethanesuIfonic  

acid（HEPES），reSpeCtively．Aftersteri1izationbynltrationthroughaMILLEX－  

GS filter，these media were assayed for their growth－inhibitory activities as  

describedabove．  

RESULTS AND DISCUSSION 
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Theefkctsoftheconditionedmediuminthestationaryphaseonthegrowth  
OfTbtrahymenawereexamined．Cellswereculturedinthefreshculturemedium  
which wasdilutedwith the conditioned mediumin various ratios．Vmenthe ratio  

Ofthe conditioned medillm WaS raised from75tolOO％，the growth rate was  

markedly reducedin a dose－dependent manner（Fig，1A）．The conditioned  
mediumin（helogarithmicphasedidnothavethese growthvinhibitory activities  

（datar10【5howll）．  
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Fig・1．GrowthinhibitoryactlVj（iesintheculTuremediurnofthes（ationaryphase．  
Cells we陀 CUl【uI℃d h the rresh cu加代 medjum，WIljch wa5dj】ufed w地鵬e  
COrlditioned mediumin the sta【ionary phase（A）or distl11ed water（B）in various  
ra血TheratiosoftheconditionedmediurnordisdLledwaterweeO％（○），25％  
（●），50％（△），75％（▲）and】00％（□），reSpeCtively．Cellder）S■tyWaSrneaSured  
dai1yandthemeanofthreeexpenmentSWaSShown，   
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ltisreportedtbattheamountofmutrientsdecreasesintheculturemedium  
Ofstationaryphase（Larsenetal・1988）・Soitmightbespeculatedthatthece11  
growthisinhibitedduetodep】etionofnutrientsintheconditionedmediumofthe  
Stationaryphase・Toascertainthis speculation，Cells wereculturedinthefre5h  
CulttLremediumwhichwasdilutedwithdis［illedwaterinvariousratiosinsteadof  

theconditionedmedium・Whentheratioofdisti11edwaterwasraisedupto75％，  
thegrowthratewasnotsomarkedlydecreased，althoughcellscouldnotgrowin  
thelOO％distilled water（Fig・lB）・These results suggest that the BrOWth－  
inhibitoryactivitiesintheculturemediumofthestationaryphasearenotdueto  
thedepletionofnutrientsintheconditionedmedium．  

Thegrowth－inhibitoryactivitieswerenotlostt）yheattreatment（datanot  
Shown）・but were reduced by dialysis（Fig・2），SuggeSting that the growth－  

inhibitoryactivitiescouldberesistanttoheatingandwerenotcomposedof  
macromolecules．  

Fig・2・肌ctsofdlalysison仙e growth－  
inhibitory acdⅥけin山e cu加代medium or仇e  
St血onaけ pha5e．Condはoned medium was  
dialy印d a脚1nSt fresh culture mdium and  
incubatedwitrlCells（●）．AscontroIs，CelIswere  
Culturedirlthe fresh culture medium（○）or  
COnditioned medium（▲）．Ce11density was  
measured daiLy and the mean of th柁e  
exl光nmentSWaSShown．  
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As the pH ofthe culture mediumincreases duringthe cellgrowthin  
Tbtrahymenaculture（Fig・3），theeffectsofpHonthecellgrowthwereexamined．  
Severalstudies have excluded theincreased pH ofthe culture medium as a  
responsiblefactorforcessationofcellgrowthinthestationaryphase（Ho伽Iann  
andCleffmann1981；Larsenetal・1988）．Larsenetal．（1988）haveaqustedinitial  
pHoftheculturemediumusingNaOH，andthentestedtheeffectsofaniT）CreaSed  
pHonthecellgrowth．Becausetheculturemediumwasnotbufferized，however，  
itisnotuncertainwhethertheinitialpHwaskeptcoTIStantduringcellgrowth．  
Then，WeaqjustedthepHofth巳Culturemedjum uslng MES－NaOHorliEPES－  
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NaOH（OmiIlimizethevariationofpHduringthecellgrowth．WhenpHofthe  

freshculturemedium（PH6．5）waschangedtothatoftheculturemediuminthe  
Stationaryphase（pH7・4）usingHEPES－NaOH，thegrowth raIe of  
WaSmarkedlyreduced（Fig・4A）．Furthermore，PHoftheconditionedmediumin  
thestationaryphase（pH7．4）waschatlgedtothatofthefreshculturemedium（pH  
6．5）using MES－NaOH．Asshowr）illFig．4B，theBrOWth－inhibitoryactivitiesin  
theconditionedmediurnwerereduced・Theseresultssuggestthatmost，butnotal1，  
Ofthe growth－inhjbitory activities are due to theincreased pH oftheculttlre  
mediuminthestationaryphase．  

Fig．3・1ncreaseorpHin血ecu血爬  
medium duringthe cel】growth，CeL）s  
were culturedin fresh cuJture med山m  
aJld ce11der［Sity（○）and pH ofthe  
Culhl陀medium（●）were 

． 

Shown，reSpCdve】y・Ⅵ血cal bars  
indicate the standard deviation of the  
mean．  

ロ  2  ヰ  6  さ   川  
Fig．4． E仔ect50f pH on血e ce11  
growth・（A）pH of血e fresh c山血相  
medium（pH6，5）was changed to7．4  
（pH or 山e culture mediumin 仙e  
ぬtionary phase）using HEPES－NaOH  
（a）．Asacontml，pHof仇e什eshculture  
mediumwasa4】uStedto6．5usingMES－  
NaOH（b）一（B）pH oflhe conditioned  
medumin血estadonalγphase（pH7．4）  
Wa5Changed to6．5（pH o一山e fresII  
CulturemediLlm）usirlgMES－NaOH（a）・  
Asa con（rOJ，pH ofthe cor［ditioned  
medium was aqJuSted 虹・7・4 usJrlg  
HEPES－NaOH（b）．CelJs weTe Cu］tured  
in thesemediafor％ha（26℃aJld then  

血e∝1】de115わ・WaSmeaSured．Themean  
ぱ 血代e eXpehments was shown，  
re5peCtiYely．   
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AlthoughpHoftheculturemediumisimportantforthecellgrowth，the  
growth－inhibitoryactivitieswerenotlostcompletelybydialysis（Fig．2）orpH  
adjustment（Fig・4B）・AkeyconsiderationintheiTlterpretationofthesefir）dingsis  
thattheobservedinhibitoryactivitiesintheconditionedmediumofthestationary  
phasearecomposedofcomponentotherthanpHitself．Previously，Wehavefound  
thatthe protease activltyin the culture medium of TetrahymenaiIICreaSed  
markedlyduring thece11growth（Suzukietal．1997）．Theproteaseactivitywas  
Partial】ypurined，identifiedasamemberofcysteineproteases，anddesignatedas  
tetrain，aTetrahymenacysteineprotease（Suzukietal．1997）．Theenzymetetrain，  
Which has high protease activity at neutralto alkaline pH values，may have  
futlCtionalrolesintheculturemediumofthestationaryphaseinapHdependent  
manmeIこ  
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