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ABSTRACT  
ThequlnOneplgmentb）epharisminisolatedfromBl甲harismakilledother  

ciliatesParameciumcaudatumwhenitwasactivatedbylight．Wedemonstratedby  
using electron spin resonance（ESR）speCtrOmetry thatlight－aCtivated  
blepharismin generated hydroxylradicals（－OH）・The result suggests that  

photodynamicactionofthep唱mentmaybeattributedtohydroxylradicals・   

INTRODUCTION  

Recently，PharmacoJoglCallylmpOrtant aCtions ofquinoid pigments have  
beenreported・Oneoftheactionsofthepigmentsisaninactivationofmatureand  
assembledretroviruSeSSuChasHIV（Lavieetal．1989）．Anotherimportantaction  
isaninhibitionofproteinkinaseCactivity（Kobayashietal・1989；Watanabeetal・  

1995）whichplaysimportantrolesinsignaltransduction（Nishizuka1986）■The  

meritforclinicalapplicationofthequlnOidpigmentsisthattheactivltyOfthe  
pigmentscanbecontrolled bylight（Hudsonetal・1993；Ⅵねtanabeetal・1995）  

SuChaslaserbeam．  

CiliatedprotozoanBl甲harismahasnumerousplgmentgranu）escontainlng  
quinoid pigment（Sevenants1965）called blepharismin（Giese1973）that are  
locatedjustbeneathofplasmamembrane（Kennedy1965；Matsuokaetal・1994）・  
The blepharismin plgment has been suggested to be a photoreceptor plgment  
COntrOllingthe photobehaviorofthe cells（Scevolietal・1987；Matsuokaetal・  

1992）．Ontheotherhand，tbepigmentisknowntokiJlotherprotozoanssuchas  
Paramecium whenitis activated bylight（Giese1973）L Therefore，anOther  
functionofblepharisminmightbedefenceagainstpredators（Miyakeetal・1990）・  
However，themechanismofsuchaphotodynamicactionhasnotbeenelucidated・   
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Inthe present study，We demonstratedthatlight－aCtivated blepharismin  
generatedhydroxylradicalswhiehmightberelatedtophotodynamicaction．The  
blepharisminplgmentCOntainedinthece11sculturedunderdarkconditionlSpink－  
COlored（Pinkform），Whileitisconvertedtoblue－COloredforminvivowhenthe  
CellswereexposedtolightinthepresenceofO2（Giese1973；Matsuokaetal．  
1992）・Generation ofhydroxylradicals was also examinedin blue form of  
blepha止smin．   

MATERIALSANDMETHODS  
BL甲harlsmaj叩OTdcumorParameciumcaudbtumwascultureduhderdark  

COnditionin O・l％ cereal1eavesinfusion containing bacteria（EnteTVbacLer  

aeTVgeTm）asfood・Thebacteriawereculturedonl・5％aBarPlatescontaining  
O．5％polypeptone，l％meat extract and O．5％NaCl．The cultured ce11s of  
PafmeCiumweretransferredintoasalinesolutioncontaiming5mMThs－HCJ  
（PH7・4），1mMCaC12andlmMKCIpriortoassays．   

Inordertoextractblepharismin，thepackedcellsobtainedbycentrifugation  
（150g，lmin）weresuspendedforlmininacetone．Aftersedimentation（150g，1  
min）of the cells，the supematant COntaining pigment was decanted，姐d  
COnCentratedwitharotaryevaporator（Rotavap叫Sibata）forapplyingonaplate  
（Silicage160F254．Merek）forthin，1ayerchromatography（TLC）．Pigmentwas  
developedwithamixtureofethylacetateandacetone（4：1，V／v）．A11procedures  
Were Carried out under dim redlight．For st∝k solutions，the plgment WaS  
dissoIvedillethanol．  

Electronspinresonance（ESR）spectraweremeasuredatroomtemperature  

WithaJES－RE3XspeCtrOmeter（JEOL）withl（氾－kflzneldmodulation，Foraspin  

trappingreagent forsuperoxides（Rosen andRauckman1981），5，5－dimethylql－  

PyrrOline－1－OXide（DMPO）wasused．   

RESULrSANDI）ISCUSSION  
The cells of Pal－ameCium were killed when TLC－Purified blepharismin  

（pinkform）wasaddedinthecel】sllSPenSion andit wasexposedtowhitelightL  
Theeffectofthepigmentwasdependentuponitsconcentration（Fig．1a）．Inmuch  
higherconcentration oftheplgment，thecellswerekilled，althoughtheplgment  
WaSnOtligJlt－aCtivated（Fig．1a），Thephotokillingeffect（photodynamicaction）of  

thepigmentwasdependentuponlightintensity（Fig．1b）．  

The fact thatlightirradiation ofbl¢lpharismin causes anincreasein Oヱ  

COnSumption（GieseandZeuthen1949）impliesthatcertainspeCiesofsuperoxide  

maybeinvoIvedin suchaphotodynarrlic action．Therefore，Wetried todetect  
SuperOXidesproducedbylightirradiationofthepigment．AsshowninFig．2A，a   
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PrOminent signalcorresponding to hydroxylradicaladduct（DMPO－・OH）was  
detectedwhenblepharismin（pinkform）preparationwasexposedtolight・  

1  10  100  1000  

Conc8ntr8tion（ng如し）   

Figurel．Acdon of blepharismin（pinkfoml）onParmzeciLLm・・1a：Re］ationship of   
blepharisminc9nCentradonandmortalityofPaTmu，CiLLm・0penCircles，Photodynamic   
actionoftheplgmentinducedbylightirradiatiorL（50Wm2，20min）；Closedcircles，   
efrectofblepharisminonParumeci肌indark（treatedfor20min）・1b：Relationshipof  
lightintensityandmotarityoffbrameci肌Pigmentconcenb’ationw竺Sa4justedto200   
ng／ml・Smal］amountsofstockethanoIsolutior．scont且iningblepharismlrlWereaddediTltO  
5cmcuLturedishesnlledwithfbTtmeC加n suspenSion．lnthiscase，爪naLconcentratiorLS   
ofethanoIwasLessthan0．1％．MotaJity（％）ofPaTmZeCimisexpressedaspercentageof  
kllledcel］softotalnumber（50－1∝）cell5），Circlesandbarscorrespondtothemeansand  
SEobtainedfromidenticalmeasurements（rl＝3）．  

Crude blue－COLoredblepharisminwhichwasextractedfrom thecellsafter  

exposuretolightinthepresenceofexcessO2WaSSeParatedintotwocomponents  

（bLue forms T andII）by TLC．The blue forms ofthe pigment stillgenerated  

hydroxylradicals，althoughtheamplitudeofthesignalsweredecreased（Fig・2B，  

C）．The photodynamic action of blue forms was extremely weak（Data not  

Shown）．The result mayimply that thephotodynamic actionisattributableto  

Fig・2・ESR spectra of adducts spln－traPPed with  
DMft）which were geLlerated bylightirradiation of  
TLC－Puhficd blephansmin・（A），Pink form of  
blepharismir［；（B），blueforml（Obtalnedfromanupper  
SpOtOnTLC）；（C），b］uefoml11（obtainedfroma］ower  
SpOtOnTLC）．PlgmentpreparatiorlS（0・］4mg／ml）were  
eチPOSed towhltelight（400W／m2）for30sec・The  
PIgmentCOTICeTltratjonwasa句ustedtoO・14mg／ml■The  
PigmentwasdjssoIvedir）1％（v／v）TritonX－100，5mM  
Tris－HC］（pH7，4）．0．92MDMFOsolutiorl・  
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hydroxylradicals which areinvoIvedinlipid peroxidation（Czapski1984）or  
fragmentationofdouble－StrandedDNA（RowleyandHalliwe111983）．Eventhe  
CellsofBl甲harisma（Pinkform）arepartiallykilledbyphotodynamicactionwhen  
StrOnglightisapplied，Whereasblue－COloredBL甲harisma cellsdo not（Giese  
1973；Ghettietal・1992）・Thismightbcconsistentwiththepresentresults．  

Qt）inoid pigments areknown to produce singlet oxygen（Thomas et  
al・1992）・Therefore・nOtOnlyhydroxylradicaLsbutalsosingletoxygen（102）is  

possiblyinvoIvedinthephotodynamicactiononParamecium．   
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