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A避STRACT  

Asiswellknown，Parameciumbursaria hasmanyendosymbi6ticalgaein  
itscytoplasm．Wealreadyreportedthattheseendosymbioticalgaecanberemoved  
from the cytoplasm by uslngthe herbicide paraquatand symbioticalgae－free  
ParameCiawere prepared（Hosoyaetal．1995）・In this study，We eXaminedthe  
Characteris（jcsofsymbiodcalgae－freeparameciaobtainedbyparaquaItreatmeJ）L  

Symbioticalgae－freeparameciahadashorterlogphasethanthosewithsymbiotic  
algae，andshowedlowerce11densltyattIleStationaryphase・Additionally，theyhad  
theabilitytOformstablesymbioticrelationshipswithsymbioticalgae，Symbiotic  
algaeobtainedfromPbursariainlogphaseshowedahigherinfectionratethan  
thosefromPbursarklinstationaryphase．Theseresu】【ssuggest【hatgrowthphase  

Ofthehostinnuencesthereinfectionabilityoftheirinteriorsymbioticalgae．   

INTRODUCTION  

ThegreenparameciumP bursariaisknowntohavemanysymbiotica］gae  
initscytoplasm・Itisknownthatthe green parameciacanbedeprivedoftheir  
Symbiotic algae by severalmethods and symbiotic algae－free strains are  
establjshed（Jennings1938；Wchterman1943，1947，1948；Siegel1960；  
Karakashjan1963，1975；Pado1965；Vhis1969，1974；Reisser1976；Iwatsukiand  

Naitoh1981）．Unfortunately，althoughitis necessarytodetermine whetherthe  
algae－freeparameciaare normalexceptfortheabsenceoftheirsymbiotjcaJgae，  

noidentincationofphysiologlCaldamagehasbeenattemptedinthesecases．  
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WefoundthatparaquatwasmosteffectiveforproducingaIgae－freecel】  
1inesofPbursariaasprevious）yreported（Hosoyaetal．1995）．Thesecelllines  
CanPrOlifbratenormaIlyutlderconventionalcultureconditionssupplementedwith  
bacteriaasfoo止  

Whenthesealgae－freeparameciawerecrossedwithdifferentmaturematlng  
type strains，they performed normalsexualevents．Moreove11We eVaIuated  
Whetherthesealgae－freeparamecia，Whentheyfedsymbioticalgaederivedfrom  
greenparameCia，hadtheabilitytomaintainthemintheircytoplasmrHowthe  
growth phase of botha）gae一触e paramecia and the donor green paramecia  
innuencetheretrievalofthesymbioticrelationshipwasalsoexamined．Wealso  
discussaboutthecharacteristicsoftheobtainedalgaeLfreeparamecia．   

MÅTERIALS AND：METHOI）S  

C〟〟以柁C（）〝diJわ耶  

ThreestrainsofParameciumbursaria syngenl（OK－312，m如ingtypel；  
OKw－312，I；OZ－3，TII）wereusedinthiswork．ThestrainOKw－312，analgae－  
free ce111ine，WaS Obtained from strain OK－312treated with the herbicide  

Paraquat（Hosoya etal．1995）．These strains were culturedinlettuceinfusion  

eonminiqgbacteriaKlebsielLapneumoniae，andunderalight／darkcycle（12h  
light／12hrsdarkaIaroundlOOOLuxofnaturalLWhitefluorescentlight）at23±  
lOcafterthemethodofHosoyaetal．（1995）．Ineachexperiment，20Oce11sfrom  
thestationaryPhaseofstockculturewereihjtial1ytransferredtoapetridish（6  
Cmindiameter）containinglOmlofnewlypreparedbacterizedlettuceinfusion  

andthenweremaintainedunderthesameconditionsasthestockcultures．  

1ム‘N〃l〃J‖＝・右l〃、、J．t・  

Greenandalgae－ffeeparameciawereseparatelyculturedindifftrentpetri  

dishescontainlnglOmlnewlypreparedbacterizedlettuceinfusionatinitialcell  

densityof20cells／mlunderthesameconditionsasthestockcultures．After6and  
30daysiTICulture，about130eellsfromeachcultureweretransferredtodropsof  
lettuceinfusion，COntaining2％（w／v）methylcellllJoseto＄uppreSStheirmovement  
Onglassslidesandwerecoveredbycoverslips．Thelengthofthelongitudinalcell  
axisoflO2cdlsineachsamplewasmeasuredwithanocularmicrometerunder  
thelightmicroscope・Thedatawerepresentedasameanwithstandarddeviation．   

GJ℃WJんc以rVピ∫  

Green，aLgae－freeandreinfectedparameciawereusedinthiswork．Eachof  
them obtained from stationary phase was harvested by hand－0pe∫atlng  

Centrifugationandwashedtwicewithfreshlettuceinfusion．Ineach culttlre．200   
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Cellswerethentransferredtoapetrj dishcontaininglOmJofnewlyprepared  
bacterizedlettuceinfusionand cultured under the same conditions as the stock  

C111tures．CeJJdensityofeachculture wasde亡erminedbythorotlgMystirrlllBtO  
equallydistributethecells，andthenO・lmlofce11suspensionwastransferredtoa  
depressioTISlide．These cells were coulted and transferred back from the  
depression slide to the orlglnalpetridish by plpetting under a stereoscoplC  
microscope．The remajn】ng Culture medium of the depression slide wasalso  

returnedtothepetridish．Thisprocedurewasrepeated5timesandthemeanCell  
densityoftムec血ⅣeWaSCalcutated．   

ムー川雨・．宜刊  

Green paramecia（OK－312）from each growth phase were harvested by  
hand－OperatlngCentrifugation，andwashed3time5infreshlettuceinfusion．They  
Werethentransferredtoal．5mlplastictubeincludinglmllettuceinfusionat  
2，500cells／m）andsonicatedfor30s（Branson SonifierMode1450，OutPut2）．  
Undertheseconditions，greeTtParameCiawerecornpletelydisrupted，butsymbiotic  
algaewere notaffectedinappearance・Then，algaldensityofthesuspensionwas  
detemined uslng a Toma’s hematocytometer．Subsequently，100 algae－ffee  
parameciawereaddedtothealgaIsuspenSion・Atthistime，Celldensityofalgae  
wasa4justedtoapproximatelyl．Ox104algae／paramecium，andincubatedR）r24  
hrs underthesameconditionsasthestockcultures・Eachparameciumwasthen  
WaShed3timeswithfreshJettuceinfusiontoremovefree】y suspendingalgaejn  
themediunl．Theseparameciawereindividuallytransferredtobacterizedlettuce  
in札ISiondrops（15トtl／drop），WhichwereplacedoJlthebottomofadjsposab）e  

plasticpetridish（9cmindiameter），aSeaChdropcontainsoneparamecium．Petri  
dishwasthencarefuJlyturned upsidedownandpJacedon thecoverofthedish  
COVeredwithwetfilterpaper．Asaresult，alldropsincludingparameciumwere  
hanged down fromthe bo［tom of petridish（hangjJ）gLdrop）．Under these  
experimentalconditions，thealgae releasedfrom thecytoproctofthe paramecia  
WereSOmetime5Observed．WherlSuChalgaeweretakenintheparameciaagain，the  
Symbioticrelationshipbetweenthemseemedtobere－eStablishedinappearance．To  
PreVent SuCh a situation，eaChofthe parameciain the drops was washedand  
transferredagalntOneWlyprepareddropsatabout24 hrsand48hrsafterstart  
Ofhanglng－dropculture・Algaeイreeparameciawerealsofedfree－1ivingChlorella  
thatdoes notreinfectparamecia・Free－1ivlng Chlorella，OnCe taken up by the  
algae－freeparamecia，WaSdigestedor excreted＝within about3days，nOneWaS  
ObservedinthepararneciaceIIs（Ourunpublisheddata）・Whengreenparameciaare  
Observedunderafluorescencemicroscope，Onlythesymbioticalgaeareknownto  
appearred（Hosoyaetal・】995）・Im山iss餌dy，a鮎r蔦vedaysinahangi昭一drop  
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culture, the presence of symbiotic algae in the cytoplasm of the paramecia w出

examined by observation using a fluorescence microscope (Nikon, Optiphot 

BFD2) to determine the reinfection rate. Paramecia, when cultured in hanging

drops at 1 cell / drop, reach 2 to 8 cells / drop in 5 days. Thus, if at least a single 

paramecium in a single drop had symbiotic algae in its cytoplasm, the cell line was 

considered to be reinfected. The reinfection rate was expressed 出 the ratio of the 

number of reinfected cell lines to the total number of examined cell lines. 

RESULTS AND DISCUSSION 

Trace of symbiotic algae in the cytoplasm of algaeサ-ee paramecia 

OKw-312 is derived from paraquat-treated paramecia of stock OK-312. 

The mating type of these algae-free paramecia was type I. Hence, when it was 

mixed with green paramecia (OZ-3, mating type III), agglutination of the cells 

was observed, and the conjugants were formed several hours later. When these 

conjugating pairs were observed under a fluorescence microscope, symbiotic algae 

in the green paramecia were clearly observed as red images, because algal 

chlorophyll fluoresces red. However, no fluorescence was detected in algae-free 

paramecia (Fig. 1). We have reported that algae-free paramecia obtained by 

paraquat treatment had the ability of conjugation with green paramecia, and that 

the viability of their exconjugant clones was more than 90% (Hosoya et al. 1995). 

A 

Fig. 1 Nomarski diff，巴rential inteiference contrast (A) and the fluorescence images (B) of 
a conjugating pair of algae-fre巴（OKw-312）叩d g陀巴n (OZ-3) paramecia. Here，白e algal 
chlorophyll fluoresces red but no fluorescenc巴 was detected in the cell treated with 
paraquat. Scale bar= 20 µm. 

Green and algae-free paramecia used in conjugation experiment were both 

at the stationary phase, and yet the algae時free paramecia seemed to be relatively 

smaller than green paramecia. Therefore, we compared algae-free (OKw-312) 

and green (OK-312) paramecia with respect to their cell sizes. After 6 days in 
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culture, the mean cell length of OKw-312 or OK-312 w出 108.7 ± 12.5 µm or 

109.3 ± 10.0 µm, respectively. Little difference in them was noticed （�0.5; t

test). However, after 30 days in culture, OKw-312 had become shorter in the 

mean cell length (91.0土8.6 µm) and more cells of smaller size were detected 

than in OK-312 ( 111.5 ± 7.2 µm) (Pぎ0.01; t-test). 

Growth curve of alg似て斤ee paramecia 

To determine the characteristic changes caused by the presence or absence 

of symbiotic algae, the growth curves of algae-free (OKw-312) and green (OK-

312) paramecia were compared (Fig. 2). Although growth rate of OK-312 tended

to be faster than that of OKw-312, both paramecia proliferated exponentially for

the first 7 days in culture. Thereafter, OK w-312 reached the stationary phase and

entered the decline phase after 20 days in culture. In contrast, no decrease in cell

density of OK-312 was observed for at least 40 days in culture. OKw-312 and

OK-312 had different cell densities at stationary phase, with that of OKw-312

being lower. However, reinfected paramecia (named OKr-312), which were

infected by symbiotic algae obtained from OK-312, showed almost the same

growth curveぉin OK-312. Since it is well known that symbiotic algae release

their photosynthetic product of sugar (Muscatine et al. 1967; Brown and Nielsen

1974), OK-312 and OKr-312 appear to be supplied nutrients derived from the

symbiotic algae as well as the bacterial food supply. On the other hand, OKw-312

is able to use only the bacterial food supply for its nutrition. Therefore, the

difference of the growth curve between green and algae-free paramecia might be

dependent upon the lack of nutritions derived from the symbiotic algae. These

findings can be interpreted as the result of the influence of symbiotic algae

removal on the cell division of green paramecia, instead of the influence of

paraquat treatment.
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Culture，the meanee11lengthofOKw－3120rOK－312waslO8・7±12・5トLm Or  
109・3±10．0いm，reSpeCtively・Littledifferencein them wasnoticed（P≧0・5；t－  

test）▲However，after30daysin culture，OKw－312had become shorterin the  
mean ceZllength（91．0士8．6ドm）and more ce］Js ofsmalJersjze were detected  

thaninOK－312（111．5±7．2トIm）（P≦0．01；t－teSt）．   

G′りWJ力c〟rVgげαJg（‡ピニ匝gpα用椚eCiα  

Todeterminethecharacteristicchangescausedbythepresenceorabsence  
Ofsymbioticalgae，the growthcurves ofalgae－free（OKw－312）and green（OKT  

312）parameciawerecompared（Fig．2）．AlthoughgrowthrateofOK－312tended  
tobefasterthanthatofOKw－312，bo（hparameciaproljferatedexponentia】1yfor  
the first7daysinculture．Thereafter，OKw－312reachedthestationaryphaseand  
en暮eredfhedeclinephaseafter20daysinculture．Incontrast，nOdecreaseincell  
densltyOfOK－312wasobservedforatleast40daysinculture．OKw－312and  
OK－312haddifferent ce11densitiesat stationaryphase，With thatofOKw－312  
beingloweL However，reinfected paramecia（named OKr－312），Which were  
infected by symbiotic algae obtained from OKL312，Showedalmost the same  
growthcurveasinOK－312．SinceitiswellknownthatsymbioticalgaereJease  
theirphotosyntheticproductofsugar（Muscatineetal．1967；BrownandNielsen  
1974），OX－3J2aLld OKr－312appearfo besuppJjednuけienIsderived fromthe  

Symbioticalgaeaswellasthebacterialfoodsupply．Ontheotherhand，OKw－312  
is able to use only the bacterialfood supplyforits nutrition．Therefore，the  

differenceofthegrowthcurvebetweengreenandalgae－freeparameciamightbe  
dependentuponthelackofnutritionsderived from thesymbioticalgae．These  
findinBS Can beinterpreted as the resuIt of theinfluence of symbiotic algae  
removalollthe celldivision ofgreen paramecia，instead of thein什uence of  
paraqu如f陀a【mel丑  

Fig．2 Thegrowth curve  
Ofgreen（●），atgae丘ee  
（○）姐dreinfected（▲）  
ParameCi乱 Results were  
expressedasthemeaI10f5  
Celllines．   
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Fig. 3 Light micrograph of symbiotic algae obtained by squashing由e green 
paramecia (OK-312) on a slide glass. (A) Log phase, after 10 days in culture. 
(B) Stationary phase, after 30 days in culture. Vesicles were detected in
symbiotic algae at 出e stationary phase of green paramecia (arrows). C:

chloroplast. Scale bar= 10 µm. 

Furthermore, we found that the form of symbiotic algae in green paramecia 

changed with the progression of the host growth phase. Pyrenoid and girdle type 

chloroplasts were clearly observed in the interior of symbiotic algae in log phase 

green paramecia after 10 days in culture (Fig. 3A). On the other hand, after 30 

days in culture, symbiotic algae in stationary phase green paramecia had 

pyrenoids, but chloroplasts were not clearly observed and many vesicles were 

detected in the interior (Fig. 3B, arrows). Moreover, various vesicles were also 

present in the cytoplasm of green paramecia. Effect of the growth phase of green 

and algae-free paramecia on the establishment of symbiosis 

Table I. Effect of growth phase on infection rate(%) of symbiotic algae to algae-free paramecia 

Growth phase of OKw-312 

Growth phas巴 of
OK-312 

Log*3 

Stationary 安 4

1」Jg 安 1

66.7 ± 4.8 

45.2土17.9

Infection rate is presented as the mean and standard error for 2 experiments 
OKw 312 女 l Log, after 5days in eulture i 安2 Stationary, aft巴r 15days in culture 
OK 312 安 3 Lρg, after !Odays in culture ， 安 4 Stationary, after 30days in culture 

Stationary* 2 

48.0± 6.8 

44.1士6.6

Algae-free paramecia are known to re-establish symbiosis when symbiotic 

algae are present; however, it is not clear whether they show the same reinfection 

rate at all periods of the growth phase. Homogenate of green paramecia including 

symbiotic algae was added to algaeザfree paramecia (Table 1). When symbiotic 
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algae obtained from OK【312 at log phase (Fig. 3A) were added to OKw-312 at 

log phase ラ the highest reinfection rate (66.9 ± 4.8%) was observed. In contrast,

when symbiotic algae obtained from OK-312 at stationary phase (Fig. 3B) were 

added to OKw叩312 at stationary phase, a low infection rate (44 ± 6.6%) was 

observed. 

The relation between this morphological change and the reinfection rate 

requires further analysis. In addition, as the algae in P. bursaria may not be 

composed of a single species, the studies using cloned symbiotic algae are 

necessary to elucidate the reinfection mechanism. We are now cloning and 

characterizing symbiotic algae from P. bursaria. 
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algaeobt血edfrom OK－312atlogphase（Fig．3A）wereaddedtoOKw－312at  
logphase，the highestreinfectionrate（66．9土4．8％）wasobserved．Incontrast，  

Whensymbio［icaJgaeobtaiIIedfrom OK－312a（Stationaryphase（FiB・3B）were  
added to OKw－312atstationary phase，alowinfection rate（44±6・6％）was  

observed．  
The relation betweenthis morphologlCalchange andthe reinfection rate  

requlreS further analysIS・ln addition，aSthealgaein P bursarla may not be  
COmPOSed of a sIJlgle specleS，the shldies us】ng C】oned symbiotic algae are  

necessary to elucidate the reinfection mechanism．We are now clonlng and  

CharacterizlngSymbioticalgaefromPbursar血   
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