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ABSTRACT 

The ciliated protozoan, paramecia, is proposed as a eukaryote model · 

system for use in short-term screening assays fcir dete~tion of mutagenic/ 

carcinogenic and hazardous agents.. The approach ut.i lizes ti,'O ass.:~y::;: 

the mutagenic and photodynamic systems. 

1\tut.agenesis has been successfully employed in prokaryo'tl~s :for iclenti-

fication of potential carcinogens and can also be used for this purpose 

in paramecia. Cells are treated with the agent, starved to induce the 

self-fertilization proce.ss of autogamy, and the progeny examined for 

induced damage. · The fraction of progeny sm:viving · CJutogamy ho.'; been 

established by ·others as an index of lethal and detrimental mutations. 

Agei1ts v!hi .. ch cause significctnt reduction in prosteny survi'lctl C~fter auto-

gamy 'eire c.J.assified as DNi\ damaging ag.ents. When cl.ct.ivation of an agen:t 

to the mutagenic form is required, the Ames S-9 mammalian-microsome 

fraction is incluclecl. The survey of tested aqents inclicclted th~1t all 

knovm mutagens in pilrC)mc.cia are also· knm·m carcinogens. 

111 the photodynamic system, activity is defined as the biological 

response to a combi.nation of light energy anc1 chemical sensitizor induced 

by neither ·alone. 'In paJ~amecia, photodynamic activity can be quantitc.itcd 

J)y the conccn t:ra t.i on o.f the agent and fluencc. t:cquired for cell immob.ll.iza-

tion. Th·~ photoclyn<lmic <t~:;say may be a i·apid sensitive pot.enti~1l photo-

mutagens and.photocarcinogens. Agents identified as active in the photo-

dynamic system can be further evaluated in other ass:1ys for light mediated 
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erihanccmcnt of inuta9enesis or carcino~j'enesis. These li91Jt sensitiz-ing 

·• 
agents, even. if non-muta<Jenic or rron-caJ:cinogenic, represent an environ-

mental hazard since such agents may interfere with the ecological 

balance in aqueous environments by killin9 some organisms ezposed to 

sunlight. 
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INTRODUCTION 

Paramecium and other unicellular eukaryote organism~ occupy a 

strategica.lly important level of organization, structure und ·function 

between prokaryote and multicellular organisms and as such provides 

an important research resource (Sonneborn; 1970). TGe wisest.approach 

for detection of hazardous agents would s~em to be the inch1sion of l·in-

logical indicators tram some· representatives among the t.hree levels of 

organization for a battery of short-term assays to prescre~n for 

hazardous agerits. Parameciu~ tetraurelia contains two ~icronuclei· and 

one macronucleus. The macronucleus contains ·400 times as much DNA as 

the micronucleus, governs growth and cell division; and determines the 

phenotype of the Or<:Janisin durinc.J vegetative growth (Cummings, 1972; 

Jurand and Selman, 1974). The micronuclei are the rcposito"ry or" t.he 

~enetic information for progeriy after fertilization, and do not normally 

f:unr3tion j n the phenotype determination of veqctat:ively dividing ceJ:ls 

(Sonneborn, 1~74). Durinq fert:lLi.zat:i.on, the m.icro11uclei undeY(_IO 

meiosis, form haploid gamete nuclei,· and only one is retained and is 

duplicated. Durin9 conjuqat.i.on (cross-fcrt:i.lizat.i.on), mutual exchange 

of gametes occurs, v1l1il0. during autognmy (st~lf-fert.i .lizal.:ion) ·!:he t1,·o 

iclenl.:ical 9am<~tcs fuse· to fo1:m the homo:,:-.yqou~-; z.yqol:c nuclcu~; or syn~ 

karyon. The ::.:.yrjC.t:e nucleus subsequently d.i.ffercnt.i.al:.r:!s intQ the new 

. micr.onuclei ·nnd macronucleus for proqeny cells (for revieH see Beale, 

1954; Sonnebo~n~ 1970, 1974). 

·exceptionally f~vorable fnr mutagenesis studies sinte autogamj·results 
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Hl the homo::.ygous condition. of recessive mutations illlm·1:i.ng irnrnediat·e 

expression. of the phenotype. !_t~-'.'~~~~'L!_Hena. also offers potential for· 

mutagenesis studies since "short circuit" matings and selection tech-

niq.ues provide recovery. and immediate expression of an)' .induced. genetic 

damage (Bruns and Sanford, 1978). Prokaryote systems have been used 

successfully as· detectors of carcinogens since carcinog.ens are mutage.ni·c 

agents (Ames et al., 1973, 1975; l\1cCann et ,al.·, 1975; 1-lcCanil and Ames, 

1976) and DNA damage has been implicated .in carcinogenesis (Ilar.t et al., 

1977; Knudson, 1971). Paramc:_c;ium_ \vill be cqnsid.erec1 as a eukaryote 

detector of mutagenic ar1d DNA damaging agents (the ~~6 are not always 

the samP.). F.l.nd for .Lts predictive value in sc1:eeninq fo.r- ·ca1~cinogens .. 

The fraction of progeny which do not survive is an incl0x of lethal or 

detrimental mutations (Kimball, 1949-1965; Kimball et ,ll.. 1951-1967) and 

can be utilized to quantitate the mutagenic potential of the ~gent .. ·rn 

addition, it is ki1own that micronuc.Lcar susceptibility to mutagenic 

agen.ts reaches a maximum just prior t.o the initiation of DNi\ sy·nthesis 

possibly due to a· loss of repair c.:~pacity at this time (Kimball, 1963). 

The utili7..at:ion of synchronized ·cells at this sensitive -period is equiv.:. 

alent: to ·u~>ing repair deficient· strain~;. 

Three known carcinogens, ultraviolet irradiation (UV), methylmethane 

-sulfonatcancl benzo(a)pyrene wc.t.e tested. Studies of others hove shown 

that photoreactivation J:epair monomer.izc::; the uv .i nuucecl cyclobuti:l.ne 

dim.e.J:s (Dl-11\ .dnmaqc) but: cloc~> nol: effc~ct th(~ other pltol:oproducl.s (Sct:.lol·l, 

J.gr,c;; Slll:hcrJand aml Oliver, 1976; Stith(~rlC~fld et al., 19C17, 1JG8) .. 

Therefore, cl.i.ffcrcnc8s in proqe.ny survival <1 f·ter autogamy bet\veen ceLls 

receiving ultrc:wio.let: ulone versus ultraviolet follO<.-Jed by photoreacti-

vation allcnvs quant:itation of the bioloqical effect oOf Ul1rera.i.J:ec1 versus 
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rppairi:~cl DN1\ cl.:rmagc. f··lcthylmet.hane sulfonate v1as chor;cn since other 

. ' <llkyl.JI:.in<J agents have been shcn·.•; t.o be effective niutaqens in. paramecia 

(Kimbc'lll, 1965; Kirnball and Perdue, 1967). Benzo(a)pyrene was s'elected 

because it is a common environmental pollutant. Polycyclic aromat'ic 

hydrocarbons are known to require metabolic activation to show muta-

genesis (1\mes et al., 1973, 1975; Miller and Miller, 1971; Garner et 

al., 1972). By using bcnzo(a)pyrene the value of ~mes S-9 activation 

could be tested in the ~~ramecium tetraurelia system. 

The photodynamic assay, in con.trast to the mutaqcinesis assay cannot: 

be considered a monitor of DN1\ damage since the m~chanism(s) of action 

are unknown. Photodynamic acr.i on is a c(Jmbination of light enerqy and. 

chemical sensitizers to produce an effect induced by r1eithcr alon~ 

(Epstei·n et al., 1·964). The major class of photodynamically active 

agents incl0des polycyclic aromatic hydrocarbons and certain dyes 

(Epstein e(: a.l .. , 1964; Imray and nacf'hee, 1973 a,b,; Kelly-Garvert and 

Legator, 1973; Santamaria, 1972). Product wastes from coal and coke 

processes include pdlycyclic aromatic hydrocarb6ns and some are known 

carcjnogens (Bercnblum, 1974; Dundel and Dundel, 1966; Nl\S, 1972). 

n.a.pid d(~tcction ·of the ha:~urdous agents could allmv modi fica t.i.ons in the 

developing processes to minimize the. produ-ction of l:lwse compounds. 

Photocl)•namic activity has been demonstrated throughout the phylogenetic 

kingdom .includin<J ~:~£!2._C:!..:.i.cl_~ia. coli (ElJ is ct al., 1974) and :~_alf!lonella 

b~rine shrimp, 1\rtcm.i..J (~lorqan and \·larsl-;a,,·sky, 1977), .nnd mammalian 

cells .in cullu.1:e (Horimm:a ct al., 1964). l\lthough f'aran_~_t::ciu~ caudatt~ 

has been est21.blishco as. a valua.ble ind.ic21.tor of photodynamically active 



preference for these studies siiW<' Dur work has been with .tJ1i~; on;_~a-

.nism, and the bulk of background· genetic and mutagenesis studies by 

. . 

others ha0e been with this .speci~s (~onneborn, 1950, 1970, 1974), The 

present study therefore evaluates the potential of the species as a 

.photodynamic and mutagenic euk~ryote onicell~lar indicator of e11virbn-

ment~l hazardous agents by utilizing known carcinogens and available 

"data of othe~·s. 
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1'11\TERI ALS AND HETHODS 

Culture condition~: The standard culture conditions were used 

(Sonneborn, 1950~. Cerophyl medium was inoculated 24 hours before use 

0 . .· 
with Klcbsiel~~ aeroqenes, incubated at 27 C and adjusted to pll G. 7. 

The c~lls used were stock 51, free of kappa particles, t~mperature 

insensitive, trichcic),st discharge, and norm.:1l behavior. 

Daily Isolations: The procedures for daily isola·ti6ns have been 

descd.bP.d p:r:eviously (Sonneborn, 1954; Smith-Sonneborn, 1979; Rodermel 

and Smith-Sonncborn, 1977). This technique allows determ:i.nation of 

cellular a~e (the nwnber of cell divisions which have elapsed since the 

origin of the clone at fertilizatibn) . Fertilization by autogamy is 

ascertained by observin9 1.00% of a sample of cells with th<.:: nuclear 

·changes characteristic of autogamy by fluo1:esccnce microscopy (Smith-

Sonneborn, 1974). The unstained cells from that population are the 

progeny fro~ autogamy. 

l'lutagenesis assay: Tl1e .method used v1as developed by Kimball and 

co-1,10rkc::rs (t~imball, 19G3, l9G5; Kimb.:1ll clllcl Perdue, 1967.) ancl 

described here (see Fig. l). Syn.chroni.zccl cells arc obta:i.necl from a 

mass cult~rc derived from a single cell ancl divided into .control and 

. t rea tmcn t · ~I rollp~::;. 1\i: 1:he most scnsitivC:' time fo1~ muti1qencsis, 2.5 hot11~s 

after cell division, :~n cells· c\l:c placed in a mic:ro<~il:op, floodc'c! •.,•ith an 

appropria l.:c clil ution of a chemica 1 aqent for a. given dur·ation. Single-

cell isolates were made after c6mpletion of treatment and each isolate 

was mai11taincd as a cell lineage in daily isolation lines. Each lineage 

was screened for st~rvcd cells 100~ i11 auto9amy, for usc 
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as the source of pro~cny.from rarent cells. Sixteen cells fr9m each 

depression showing lOOn" autogamy. ':.'ere taken and placed as single ir,;olates 

(clones) into fresh medium in depressions. The.isolation of this number 

of autogamous specimens provides 11early full detection of recessive 

let}Jals and detrimentals anywhere 'in the four genomes in the t\vO diploid 

micronucle·i; the chance of missing a recessive lethal is 3/4 16 . 

The·clones were allowed to grow for 4 days and then each depression 

was observed under a dissecting microscope. 

The cl.oncs 1.,iere cla~:;s.ifiecl as follo• .. ,;;: viabl~, cells ,,;!Jich had 

cleared the medium of bacteri~; detrimental o~ slow growers, cells which 

had not cleared the medium of bacteria; ~nd lethal,.cells which died or 

gave rise to only a few moribund cells (Sonneborn, 1970); Th~ viable 

fraction from 16 pro<Jeny w~1s scored for each parent from a qivcn control' 

or experiment-al. group. The values for each 9roup .'.·.'ere J~oolcd .'lnd an 

agent was considered a DNJ\ damaging agent if the viable fraction • ... 'aS 

significantly lower than the control group. Significance 1·/aS determined 
. . 

by placing co~fidence intervals on £he ~ifference of ~he ~we pr~po~tions 

using the normal approximation U·lenc.l;~nhall, 1975). 

difference is computed on the busis of a st:r0tified random S::lmple 

(Cochran, J~l77) \vllcrc such obse.rval:iun (siirvjvinq frilct·.i.c.>IJ) is <1 

straU.1m and the sampte size for each stratum is constant·. 

The ~,;urvivors C<.ln a·lso be t(~:3ted fo1:· the presence of· typj cal mutant 

phenotype:.;, i.e., l:cmJ1Ct'Cil:uJ:e sensitives, bd1f!Vioral mut,•nt.~; 0ncl t'richo-

I· 1· i ( \., • 1 

'' 

• 1<." .i r 1 I I ·' I I , 1< ·I . , I · ' .. ' I 



t; ·. 
It ·should be cautioned that final cla.ssifice1t.ion of such phenotypes 

·as "mutant", requires mating the :11ulant v;ith tvild type, and segregation· 

of t.he types in the autogamous F 
2 

generation (Sonneborn, 1970) . 

7 

Agents Us~d: Methylmethane sulfonate stock solution was ~iluted i~ 

culture medium c6ntaining Tris buffer, adjusted t6 p~ 7.0 and addad to 

cells in Dryl's salt solution (Dryl, 1959). Benzo(a)pyrene was dissolved 

in ace·tone, then diluted in culture .medium and the suspension was added 

to the cells. The conditions· for ultraviolet. irradiation and photo:­

react.i.vation have been reported previously (Smi lh-Sonnebo.rn, 1971; 

Roderri1el imd. S~lith-Sonneborn, 1977). In ·all cases above, the cells ,,·ere 

·synchronized by selecting cells \vit.h the mnrJ.-:>hology of dividen; usi11q a 

~icropipet under a dissecting microscope and treating at 2~ hours after 

division.· 

Photodynamic assiJY: 1\ brief outl.ine of the procedure is seen in 

Fig. 2. The agents· were dissolved in either acetone or Df.lSO before 

dilution in cull:ure medium. The cells are incl.1bat.ed 2 hours in the 

agent prior to l hour illumination with·a Sylvania f.40 BLB light ot 4.4 

em. Photodynamic activity •.-1as defined in this study as .90~; :immobiliza­

tion of 100 c(~.Lls after l hour of expo:::;'Jre; '.veak positive ,.,a_s defined as 

90~ se~crely retarded or immobilized cells; and ~egative, 90~ motile. 

Triplicate sEtmp.les were assayed f01: each compound. 
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RESUL'J'~j 

The ··significant reduction in progeny survival after a·utogamy; l3-· 

19%, seen afte~ ultr~violet ~adiatio~ alone, wa~ not fotind 0hen ultr~-

violet irradiati~n was followed by photoreactivation, at·lBOO artd 2700 

ergs of ultiaviolet irradiation (Table l). At higher ultraviolet doses, 

3600 and 5400 t~J~gs, the photoreactivatio11 treatment did hot· restore· the 

survival ~fier autogamy to the untrea~ed control level; the capacity for 

·repair of· all damage \vas exc·eeded. l\t appropriate (llt.raviole·t doses 

unrepaired DNA dam~~e since repair by photoreactivation restores the 

SUrvival to COntrol ViJlUC!3. 

Hethylmeth<me sulfonate (~l~IS) exhibited increased reduction ,of 

progeny survival after au toga my ·aS close inc.reased (Table 2) . The. older 

clone, 90 fission~ old, was more sensit.i.ve i:o ·the effect of the' ·agent 

since the 10-
4 

dilution exhibited a significant effect only with these 

cells. The survivors of. autogamy were also tested for other typical 

mutant· phenotypes and tempc:ruture sensitives and s·.vinunincj behavioral 

deviunl::s '''ere detected only in the ~!!' .. IS t.real:ecl gr01.1ps. 

13enzo ( o) py.n~ne showc~cl s.igni fie ant rcduc tion in· su.rvi va 1 \·Jilen used 

J.n cornbin.:ttion w.i t.ll l\rnlO:~ S-9· ru't liver microsnrnill fraction.; the s-c.l 

fraction ·a·lone '"as nol: :::;:i.qil.i.fic.:1ntly tliffcrcnt [rom the un:t.rcatccl 

controls, indicutinq that this c0rcinogcn is cffectiv·e in causin9 DN1\ 

. . . 
d~magc· after activation with the Ames fractio11 (representative data is 

seen in 'l'<:1ble 3). The data further indicate that. the microsomal 

:E:caction is useful in t:hc paramecia system for .:ICJCnts \vhich rc.guire 

.· 
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activiltio·n for mutiJcjencsis .. l\ linear increase in efl'ect is not noted as 

concentration of" benz·o (a) pyrene i ll·::.reases; the optimum conCCJJt.ration 

appears to be 30 Jlg/ml. 'i'he S-9 concentration and cytotoxicity at 60 

Jlg/ml could contribute to the observed results; i.e. increased S-9 may· 

be required for highei benzo(a)pyrene concentrations a11d toxicit~ cduld 

kill parents before their progeny could be tested for lethal and r~ces-

sive mutations. 

Induction of mutagenesis by benzo(a)pyrene without an exogenously 

supplied activation system (S-9) has given variable results. 1;1here<Jf; 

benzo(a)pyrene was sig11ificantly different from contrOls in one experi-

ment, no effect '.vas noted in the other P.xperiment (Table 3). · This 

result is typical of our ather attempts to shm~ endos_~enous act.ivation of 

benzo(21)pyrenc as ·a mutagenic agent, inclicatinq that. our data at this 

time is insufficieni: to c~lassify this agent as mutagc:~nj,c .unless S-9 is 

present. 

Co~Jarison of the agerits tested in the P. tetraureli~ mutagenesis 

assay in the .Present si:udy and those investigated by others .i.s seen in 

Table tJ. l\ll mut.agcnic a9·ents are known carcinogens, ·all non-mutagenic 

a9ents, non-carcinogens. 

In the photodynamic as~;uy, only· the polycyclic aroma·tic hydrocarbons 

were found to be a_cl:ivc (Table 5). Ol:hc"r iJCiCnts tc~3l:cc1 a.s t) .. ~'JCtl:~ivc 

include . .fo.c c:·:.lmplc~, mi:~t.hy 1 rncthatie sul fona t.L! ( ]'o::;i t: i V(~ .i.n. thro~ mu ta ~·1cnc sis 

as~:;ay above), proflavin, bcn;~enc, phenol <)lld cthylcl:lwnc su.lfonat~. l\ 

comp.:u:i.r~on of our result::; 1·1ith tliose of (!·:p::;tc~.i.n et .Jl·., l';)(i<1) using I'. 

caud;Jtum and tlw 11mcs system (Table 6) indic:ate that •.·1ith the limited 

comparison posr-;ible, the three agree completely ,.,j_ th the except.ion of 

<.~nthracene \·Jh.i.ch :i.s po:-;it."i.ve in both paramecia systems, but negative in 
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pyrene l::o light is ~3een in FiguJ:<' 1 and indicates· this species is 

an indicator of photodynamically active agents. These ce'lls are· 

immobilized 1n 4 minutes of exposure to· the black light bulb. The cell.s 

were also tested for the photodynamic respo'nse with sunlight, and inuno­

biliz.ation was complete in 40 seconds when cells were pre·incubated in 2 0 

~lg/rnl benzo(a)py1:ene; sunliCjht alone shovied no effect: du.l:in<J this inter-

val, The cl~t~ is taR~n as evidence the P. tetraurelia is a sensitive 

detector o [ photodyn;:unical J.y active agents. 
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DISCUSSION 

The mutagenesis assay has been used with .;t limited number of agents 

but all mutagenic agents arc knovm carcinogens.· The assay . can be con­

sidered promising. as a complimentary short-·term monitor of DNA damaging 

agents. This eukaryote unicell offers rapid detection of induced reces­

sive lethals and detrimentals since s~lf~fertiliz~tion results in tl1e 

immed.ia te expre·ssion of these agents in this one gener0 t.ion. 

The. re,lation of. fraction surviving after autog.amy· ·to the mean 

number of micronuclear mutatiqr)s has been considered e:d:ensively (Kimbal·l 

1949, 1959, 1965; Kimball and Perdue, 1962, 1.967), and transformation 

eq·uations are availuble v1hich allci\v comparison of fr21ctior1. su;Lv.i.vi.ng 

afte.r autogamy' t.o c:tn index o.f mutations. '.l'he threshold level of detri­

mental mutations required for detection and rate of increase of mutations 

as dose increases can be expected to vary with the 0gent used. Quantita-

ti.ve and qualitative differences in biological potency of the different 

agents can be ch~termined. The m)Jtaqenesis Cis say proposed is to utilize 

on:).y the fraction surviving' autogamy as an indc:.; of mutations since 

extensive st:uclics of Kimball and co-wc;>rke.rs indicate the validity of 

this j.Yt::occdu:n~ (Kimball, 19,19, l9S9,· 1962). In addition, \:11'.? c1ata 

.reported here ~;ho\v unrcpa:i.rccl DNl\ damage reduces p1:oqeny sur vi v<tl after 

ultravj.olct otll)·, while ·repaired DNA: damage, by photoreactivation can 

restore surviv;.1l of p!:<)•JC!ny <tfteJ~ auto9<1m'y" to ·contJ:ol values. These 

results mi.rnic those of <:nt <::u.J:l.i.er sti.tdy by Kimball s!Jm,•.ing rcvc.rsal·of 

ultraviolet dilnwqc by .f'hotorcactivation (Kimbc:tll and Gaither.; 1951) If 

othet: mutant phenotype~~ i.lre used such as tcmperatu':'c sensitives, 
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b~havioral mut<·1.nts or t:richocyst .J:i.::.:charge mut:o.nts, such cells should 

be crossec1 \v.i.th normals and then n•:::<1yed fc;r 1:1 segregution in I I F' : 1e . 
2 

generation. 'The mating/segregation steps can be clone but inclusion of 

these steps increases the. complexity ~nd time r~quired.for assay of 

potential mutagens. 

All compounds tested in the Ames and Paramecium mutagenesis systems 

showed identical re~ults exce~t proflavin ~iliich was mutagenic in the 

prokaryotes.and negative in paramecia (Table 4)". It is qu~stion~ble 

whethe~ proflavin is weakly carcinogenic or non-carcinogenic (NCI, 1977). 

The complete correspondence of mutagenic •.vith ·carcinogenic agcnli3 in the. 

mutagenesis .assay ,.,; r.h f·he limited nunfuer of agents tested to elate sug-

gests that paramecia mutagenesis is very promising as a pre-screen for 

inclusion in battery testing of potential muto.genic/carcinogenic agents. 

In the I'. te t:tau~elia photoclyn;-Hnic assay, all compounds which were 

classified as carcinogens (NIOSI!, 1976) \·:ere photoclynamical,ly <Jctive agen.ts 

(Table 5). The carcinogen., .anth'racene, is negative in the l\h1es system but 
.•, 

positive in the photodynarnic assay (Table 6) suggesting that the photodynamic 

a·ssay c<:tn idenb:fy some carcinogenic aqents d:i.ffic11lt to detect. in the pro-. 

karyote s.y~~tem. In the ~- E"_i_L!datu~ photoclyn<-lm.i.c assi'l'/, _54". of i:.~H? most active 

uqcnts 1,:en~ knm·m c:arc:inoqe_n!3 and 22~ \•ICP2 U\811 cli.lssif:icd as non-ct'lrc:i.ncge·ns 

(Epstein et ~Jl., l')G4). \•lc have recvaJ.ual:cd their <;L3t:a CC.lns.i.clcring recent 

ciassificiltion o·f <.HJCnts ;md clef.i.n.i.nq photodyni:lrn:i.c i'Jctivity o.s ."agent"-; "'hich 

:i.mmob:i.l:i.:>:c cell:,; :i.n 50 minutes .of ·iJ:rad.i.cltiun al: pg/tnl" l:o improve the pre-

diet]_ ve val11t;' of l:l1~ i1Ssay. Their clo.ta then :i.nc!ic:<:~tc that: <)]~. (SS/59) of the 

known carcinogens an~· 39% (35/90). of agents classified as non-carcinoqens are 
. . 

photodyn<~mically active· (T,l.blc 7). The changes in classification .include 

antluaccne, which· is a. photocarc.i.noqcn (l·IcJ.lcr, 1950; Bluckburi1 and Taussig, 1975) 
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and 6-aminochyrsenc, benz (e) acrid i.J\8, eli benz (ac) anthracene,· beno (k)-

fluoranthene, benzo(ghi)fluoranthene, dibenz(aj)aciidine and 6,8, 

dimehtylbenz(a)Rnthracene which are now· listed as carcinogens (NIOSH, 

1976) . Eight photodynamically active agents have also been classified 

· a,s .IH~oplastic:;, (NIOSH, 1976) .which are classified here as non-carcinogens . 

. The assay is more comp(?titive as a predictive assay for carcinogenic. 

agents with our modification, but there are more "false positives". 

·The class.i.ficution of the compounds as photodynamically ·active or 

inactive should not be considered our final determination since our goal· 

was to establisl1 this species as an indicator ok photodynamic activity. 

The assay needs to be used 1-.rith larger numbers of aqents, refined to 

.. 
achieve ma:<:i.Jn;t.l sensitivity and rcp.rodtlcibility, and a st<mdarcl definition 

of photodyn.:nnic <.lct.i.vihr c:;tablishcd to include t·he n•i'l:.:irnal number of 

ki10wn carc:i.noqcn!3 \-1i th minimal ·loss of specif.lc.i. ty .. 

. Both the mutciCJC~nic and photodynart1ic assays .in ·!:_c;triJ_!ll,3_ci~~~ tetraurelia: 

offer rrom.i.!~C ·il.!~ cuka.~:yot.c r.1et.ectoJ~s of hazardous aq0nts; the form8r 

.i.denti fie:; 11Nl\ C:l.:nnaginq ager1't:; and the lutte.r. detects agents v1hich 
. -

.Pres8nsitizc cells a.nd orqanisms t.o J.iqht illumination .:mel its consequent 

effect!; on thc,: cells. The mutc:~gencsis ass:1y m<Jy ·be tt.J .. 'Plic~bll: to a 

broad ranqe of mut<lqen.i.c-c::Jr.cinoqenic il<JCnts, .,.,.hile thr:: .Pilotoclynamic 

assay is usc ful. fc'r the polycyclic uromatic hyc.lxoc;.u:bons .:md dyes·. The· 

C'lurilt:i.oll of t.irnc~ rcquj.nxl for tile rnutagcnc~·;i~:i a~;,:;.:ty in paromcc:i.a is 7 

days, and :i.s rc]ut:i.vcly i.ncxpcnsiv0,· but requires knol·.tled~!C of the 

J;iol~CJY a.nd m;.m:i.pu]ation of the orgnnisrn. Tile pl!ot:oclynarnic 0ssay 

requir·cs only 3.:..') !Jcnn·s, i.s r::xt:1~emely sj mplr·, inc:<pPns.:i.vc and n:.qui1·cs 

mirdm.:1l knO\·JlrxlCJS of the b:i.oloqy. a.nd manipuliJtion ·of the orq;m.i.sr;n. 
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ll .compa.:rison.of the mutaqcnes.i.s ·and photod:-/na'mic as~;ays 1·1ithin t:ltc 

eukaryote Paramecium, reveals 01'·1 ·.:::i.ng effects with black light; 1n the 
. ----.--- . 

m~tagetYesis assay liq!Jt .i.s beneficial, 1-..rh.i.l.e in the pi1C.Jtodj!li:Hn.lc assay, light 

is lethal. Illumination of cells with black light in the ~utagenesis 

a~say after treatmen~ with ultraviolet, ameliorated the DNA damage 

induced by· the r1gent. The •beneficial effect has been sho1vn to be due to 

the light stimulation of the photor.eactivatim1 .enzyme \·ihich. monomerizes 

the. cyclobutane dimer da~agc in the DNTI, i.e., black light activated a 

repair process (Setlow, 1966). · In the photody~amic system the polycycl.i~ 

aromatic hydrocarbon or sensi·tizing agent J.s ·"harmless" unt:iJ a·c.tivat:ecl to 

a damaging agent, and this activation can be provided by light .. At 

higher doses, the combination is lethal, at sublethal doses po,ssibly 

mutaqcnic or carc.inoqenic.. 'l'he exact mech.ctnisms 1~cspon:;ible for 

photolethality have not. been el\.!ciclated, but .need not be:! due d~rectly to 

DNTI damage·. The photodynctmic action is related· to an active oxygen 

, species since i.t~s activity can be .reduced in an oxygen free i1tmosphere 

and. by ~;ci1vengcrs of singl.ct ·oxygen (Blackburn and 'J'au:c;sig,· 1975; 

DouzoLi, 1972'; PCI:i.nc, 1976; ,Jose, 1979). The endogenous activation .of 

these asJ!~nts in the dark requires oxygen nnd the mixerl function-oxidase 

syst~ms (Canney, 1967}. Light ma.y be st:imulatinq t-.he gcJ·lc.ration of 

oxygen, inducing the endoqcnoLis en?..ymcs (Paine,' 1976). 

J·:v:iclcJv·r:~ til,ll: J•r·Ji\ llFTY he irivolvecl \·!il".h some of t:l!e ·phot:o(lyn.:nnic:ul.l.y 

.197 3) ond Jx~n7.o (a.) pyrene, rncthylcholanthJ:enc: Clnd <mt:hracene exhibi t.ecl. 

incrcuscc:l cffic.i~ncy of. l:tllllOJ~igcnesis when t:opi.ca.l. applico tions were 

augmr:nJ-r:-d \vitl1 .. i.J l.umini.!li•Jn:: ;•1t· cTi l.:ical d•:-:;r::s, Ll,ucnc·c~, · -:1'H.l •.,'.lVC.l.cnqths. 

(Heller, 1950; lll<tcl~burn .J!l<'l Tauss:i.q, l'J75; Clark, J9Gtl). 
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Illumination uione 1vas inactive. /\nthracene becomes covalently bound to· 

mammalian DNA :Ln tissue culture cells "'hen exposed to 3G5nm light. ·. ~·lhen 

3 
the binding exceeds. one hydrocarbon per 10 bases, lethality is observed. 

Lfght mediated enhancement of mutagenicity has been observed wit-h 

methylene blue (Gutter, et ar. ,.1977) I toluidine bluq (Ito, 1978) I 

acridine orarige (Imray and MacPI1ee, 1975) and the polycyclic ?romati~ 

hydrocarbon, chlorpromazine (Brendel, 1968; Kelly-Garvert and Legator, 

1973; MacPhee and Irnra~, 1974). 

The available evidence suggest.s that paramecia is '.'alua.b lc~ 

inclicat·or of photodynamically .J.ctive compounds· and can be used as a 

prescreen for these acjcnt.s. This short-term bioassay can be ·u.sed 1n 

battery testing and as n bioassay for: 1) photodynamically active 

·Clgent.s in ai1~ (Epstein et al., 1965) and I·Jater; 2). the bio-degreclation 

of these C1gcnts in test eco~~y·stems, c:ind 3) iclcntifico t:ion of aqents 

which·.should be tested in .::mimal systems for liqht enhanced can:ino-

qcnic:i.t:y: Phot.ocarcinoqens represent an important class since one of the. 

most active agents, benzo (a) pyrene is a COI11lllOn environmental [:io.llutant 

and ha~; e:{)tj.bi.tcd light enhanced ca.rcinO~jCT1!2City. (Semt.C1maria e~ aLI 

1966). ~;jncc. pl1otolethality is a phy.loc.tenetically universill proce~;s 

(Ep;;t.einet al., l<JG4; Cutter ·et al., 1·977; Imrcfy ancl t·lacFhee, 1975; 

Jose, 1979; Malling and Chu~ 1979; Morimura et al;, 1964; Morgan et al., 

1977) , ilCLi.vc. compound~~ could ~il ter the ecoloqi cal b21.1ance of the· e·nvironment, 

~;electivc~ly ·ki.llinq CJ.ncl/or mutaqenizirH:r.thc surf:e1ce SJX~cies '.vhich include 

th0 asrobic 'and phototropic orqanisms. 

Jn SLHlliTiilry, i·.hc~ mt.Jt;t~wnesis assay provides ,'J. eukaryote unicellular 
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The photoclyn.:ni1ic e1ssay offers a ri1pid,· inexpensive ussay for photody-

namically active agents \vhich call 1 hen be scJ:eened for their mut.~9en:i.c 

and .carcinogeriic potential in the presence of light. Environ~ental 

pollution of these agents can be rapidly detected by the paramecia assay 

both in air and water samples. Regardless of the mechanism by which 

these agent's cause damage; these photodyna.niically active agents rna~·· 

represf'!nt a m<rior environmental. haza.rcl. 
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FigJJre 1. Legend. The mut0genesis assay is outlined·. The mass cul'.turcs 

·are derived from the products of a single cell cif kno\m age. The _geneti-

cally identical synchronized cells are placed in control or treatment. 

·groups with.20.cells per group. Each ·cell is then used ·to initiate a 

lineage by placing onP. cell _per depre~:sion on day 1. ;rhe folJ.O\,,-ing day, 

·a. single cell is reisolat.ecl into a new depression with. food. The cells 

not t.rans.f:errerJ, in back c1epress.ions, are a source of starved cells on 

day 3 or 4. Starvati6n induces autogamy. Depressions whi~h show parunl 

. . . . 

clones ~n 100~ autogamy ~re use4 tu ubta.i11 16 single isolates, each then 

placed in separate depressions. After 4 days, the-depressions are 

scored for the p1~csence of viable clorYes. The fref1Uency of viabie clones· 

after auto~amy is an index of mutations or DNA damage p~esent i11 the 

parent cells. 
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Figure 2. Legend. :.rhe progeny f::'"" ·a single cell of known age· are used 

to· initiate a mass culture. Samples of 100 cells are. taken for the · 

. . 

·respective groups. The control group includes 100 cells l.;'h.ich receive 

no. treatment: 

1. 
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l:~igure 3. Legend. Cells· \vere prt' · i !tcuba ted for l 7 how:s. in 20 11g/ml 

benzo(<.~)pyrene and then exposed to biack light (Sylvania F40 BLH bulb at 

4.4 em) for various time intervals. 
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Table l. Effect: of ultr.:l\•iolet irradiation <Jlone and 1·1hen follol·:ed by 
:photo~cactivati6n. 

23 

--------------,.---.-------------------- -·--·-----------. --· 

2 
UV bose (ergs/mm _ _:__) ___ ,_,_ _ 

-1800 

2700 

JGOO 

4500 

5400' 

Pc!rcent Survival afte1·· l\utoc;amy 
iJltr a~iole ~-----U1 t 1: ;:1-;_, .iolc t 

i.lllCl . 
_ __::O::.:I.;.,-,1·' Photore<?:ct.ivation Control 

19 97 97 

l3 99 97 

l3 92 97 

8 83 97 . 

2 n 
. . . 

·--·-·-·-----,--·-·---·:--·----·---··-··-----. ---·--~----------------·----------------

Synchronized c:cl.l.s v.'er .. c tre;:~t-.ed 2 1
i. hours af'l~er.ce.ll cliv.i.si6n. Data from 

'three c:<JX:~rimt~nts \vas pooled .:u.ld the sucv.i.ving frCict.i.on amonC} progeny 
f~om ctt least G lJe.:1tcd.parcrit cc~lls I·Jas dr~.tenn.i.ned [o reach of (he ll 
gt:oups, or 3,264 cells. Those values not uncler.linecl by the. s,Jme line 
are ~;;.i.(Jn.i.f.i.c<tntly -different ~1ith 95!1, confidence (Cochran, 19.77; 
HcncknlliJ 11, .l.C] 7 5) . 
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Table 2. Effect of l•le!-_by_!_~~_!::_hane suyor1at.e _?n ~1rvi_~a.l aft~E __ autogamy.:_ 

-------·--PcrE_cn t s u rv i va_l ___________ _ 
Methylmethane sulfbnate .dilution 

10-4 1o-J lo- 2 
l\ge 

Control (fissions) · 
----c--

93 !39 9S 39 30 

64" 64 44 17 90 

Synchronized ·cells were l:reatecl at 2!; hours :i.nl:.o their irYtcrfission 
period. 'l'lle values we.rc obtu:i.ned from pooling the surv.:i.vinCJ f.rclction 
among 16 pro~wrry from at lc,:'J.st 4 purent ccll.s from e.'lc:h group· or _StJ•i v;l. L:. 
Those values not. ).mderl.i.nc'd by the 'same line c1re significantly ~1.iffe.rer:lt. 
from one 'another with 95~;, confidence (C:oc:ilrnn' 1977; f.-Jendenhall, 1975). 
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Table 3. Effect of benio(~lpyrene/microsomal fraction on progeny 
surviva·l after aL!._togamy. 

. Percent SurJival 
Benzo (a} py~~enc/microsomes Denzo (a) pyrene 

uq/ml S-9 pg/ml Controls 
30 60 15 30 --·----·. 

72 89 97 97 92 98 

69 89 83 100 . 100 100. 
--. -----------------'-----~· 

----·---

.Synchronized c;el.l:-:; were trca·t,_.:!cl ;:!,·hours n fl:~;1· co.l.J cl.ivi.sio·J·l.. J.n ·t lw 
l\vO. c:<.JJCl"irnents. a.bovc, l:he benzo(a)pyren·2./microsomo.l <Jrqup ·;eceivecl 
.04 ... OCi ·m.l of t:hc 1\Jnbc; S-9· fraction. The m.in.imum number of f."cP.i11".<~d 

cells from eacl.1 ':)roup v1as G clones, with lG proqcny tested from each 
clone., or l, f.l24 cells. 

Those vaJ.ncs not". underlined by the same line Cll"C si<,fnifican·tl.y diffe.r­
enl.al 9S'l; conf.i:dcnc:c (Cochran,· 1977;. Ncndenhall, .1.9751.· 
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Table 4. Carcinogenic versus mutagenic agents in Paramecium. 

Agent* 
-·-.--------·-------.----·-----

Acridine mustard (36) 

Benzo(a)pyrene (activated)** 

Ethylm12thane sulfonate (36) 

llydr:oge.n peroxide ( jtJ) 

Ilydroxylamine· ( 36) 

N methyl N nitrosoni t:ro9uanid.i.ne . (66.) 

i'Jitro<J.en mustard ( 21) 

t1e thylme th2uJc; suJ fone1 te* :., 

Proflav.i.n ( 3()) 

'I'rieti.Jylcne mc:l.iunine ( 3(,, 41) 

X-rays (31.)) 

l\lpha rad ii\Lion ( 39) 
~· * 

Ultraviolet irradiation · (31,38) 

Classification 
Mutagenic*** Carcinogenic**** 

+ not listed 

+ 

+ 

+ +· 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

*The nu1nbe.1; in .Pan~ntllcsi.::; represent the ~·cfcJ:cncc used to .-:·J.assify 
th(:: ilqcnt h'.ii.:ll .t·cspect· to its mu.tagenic potential. + =: mutnCJCn.ic; 

non-rnu t:aqcn .i.e .. 

**'.t:he evidence is f1~onf U1e prc~sei1t stur'ly. 

**"'In .:~11 ~;l:ud:i.es mutagenic a<Jcnts cauc;ed reCiucC!d proqcny ·su.r-.;ivaJ. 

afte1· ,;wt:ocJC!IliY. The: nc.m:-mutagen hyclro<Jcn peroxide did not rerh.Jce 
pro<Jeny ~;uJ~v.ival (l~imball, 1955). 

I . 

·****The c,lJ:c:i.noqenic.i.ty cLJssific.:~tion \·his from the su~;pc~ct~cl C<l.rc:.in()~Jcns 

·L:i::;l: UH0~3!J.,· 1')7(,) fat:· c:h(~m:i.c:'ll ·aqe::nl:s ,'lJld from Anclrc".,·s. (1'::)"/cl) [o.r· the 

phy S i C<.l.l i1 <JCill:S. + ::· ca u.: i IIC)(JCn i c; - ""' non- c i1 rc .i.n<XJ C!I\.i.c. 

I 

~. 



., 

Table 5. Photodynamic effect o( agents with Paramecium tetraurelia. 

1\gent 

1\nthracene 

Benzo (a.) pyrene 

2,3 Benzophenanthrene 

9., 10 Benzophenanth.rcne 

ChiyseiH~ 

2-t~e thyla.n t.h racene 

9-~lethy.ton t:h racem.· 

1-i'rethylpyrcne · 

Naphthacenc 

Napt.ha.l.cne. 

Phenanthrene 

-----------------------·--·- ---------
Photodynamic response 

concentration 
lOpg/ml lOOpg/m.l 

+ + 

+ + 

+ + 

not clone 

+ + 

+ + 

toxic 

+ 

Co.1:c ]no;:~ en i.ci ty 
classification** 

+ 

+ 

+ 

not listed 

+ 

not l.i:s ted 

not listed 

. . . . . : . . ---··-----------·---~------ -·-· ---··--·------------ ·-···------·-------------- ·- --------· --- -----. 
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*The phot:."oclynamic response ·.-•as d-2fined clS .f:ollm1s: + = 90't of the ce.lls 
we.re. inunobi.l.i;;;ed afte~ GO minut:es of .exposi.n:~e to. the black .l.i<Jh t bulb; 
+:tv= 90~; of the celJs shot·;cd seve1~ely 1:eta.n.lerJ s•.,•irnminCJ or innn.-:,bilization · 
durinq t~he test j_.ritervc.Jl; ::mel - = 90~o of the cells '"'l:re motile after the · 
tn:•al:ment. .. tn <1l.l. Ci.lscs t!H~ .:lCJent v1as Cldck'd 2 hours p~:i.or to J.iqhl: 
exposure. Toxic C~gent:s .were agents whicl1 showed an effect on swimming 
clur.j.ng tile test inte.rval i.n .!~he absence of l:i.qht. 

**The c.l.o'~~::;i.Li.c: .. lt i.on of l:ht~ agents t·JuS tClkcn from the list of suspt':!ctcd 
C:Cl.l~d.nocJens (NTOSH, .l97G). 
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Table 6. Comparison of. the photodynamic ·ac~ivity and mutageriicity in 

the Ames Assay.* 

Compound 

Bc-cnzo(a)pyrcnc 

Chryscric 

NCJ.phi:halenc 

Naplit:haccnc 

Phen<1nthrene 

l\mes Test* 

·I· 

not do11C 

. . . . 

P. cauda turn** P. tetraurelia*** 

+ + 

+ + 

+ + 

not done 

+ 

______________ .. _____ .. _______ .. __________ _: ___ . ________ .. ____________________ , ____ .. ___ . -----

*The -dat<1· from the l\mcs test: was from tlwi.r published datCJ. (ncr.::ann· e·t al.·, 
1975) + = mutagenic, - = non-mutagenic. 

**The l'. Cc"lUlicltnm <lcJt.:I is fl:orn Epstein ct: al. (1964) + 
.'l.c:tJ.vc; -- ;-I~hot~dynr.unic;'IJ.ly inactive. 

pho toclynar:lica lly-_ 

**·*The F'. l~cl:.r.JI.Irclia cli'lt:a is f.rom the prec;ent. study (T.:Ibl·c. 5). 



' 

rable 7. Photodyriamic ac~ivity versus carcinogenitity. 
·---~-·---------

Photodynamic:. Number of Number of 
Carcinogenic Non~carcinogcnic Total· 

• Activitx __ _ _ _ _:l'I~SJ_en ~s -~------- ~e nts · 

Active 55 35 90 

Inactive .4 25 29 

Total GO 119 

-·---·-----·--·--··--·-··---·--·-------· ---- ·------------- --~· _____ :__ ____ _ 
The clal:a tvas t.:Jken fJ:om thr:.pul:1.lisherl HJSJ.Jl_ts of l~pst-.ein P.t a.l.,. Flri4. 
Since' their data v1a~5 published, eight of the <Jg(0nts ,,._,Jiich' •.ver~ photo­
dynamically ilctivc-~ hc:nJ•:? be(·~n reclassified as cilrcinogens. .(See tc:·:t 
for the definition of <ld:ivity.) 

,.. 

,.. 
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