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ABSTRACT

,fhe éiliéted protozoan, parainecia, is pgoposed as a eukaryote model
‘syétém for use inAshorE—term screening assays for detection of hutagenic/
carc;npgenic and hazardous agents. The approach utilizes two asséys:
the ﬁutagenic andlphgtodynamic systems. |

'Mutageneéis has bepn successfuily emploved in prokafyotes;forA;denti—
fication Qf-ﬁoténtial carcinogens andican alsé be'hsed.for this purpose
ip péramecia. Cells are treated with the ageﬁt, starved to indﬁce the-
self-fertilization process of éutogamy,’and £he progeny'exémined for

induced damage.  The fraction of progeny surviving-autogamy has been

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

Agéhts whiéh cause significant feduction in progen? survivé; after auto-
gamy are classified as DNA damaging agents. When activation of an ageﬁtA
to fhe mutagenic fppm is required,lthe Amés S-9 mammalian—mifrosome
fraction éé included. The'Survey of tested agents indicated that all
kndwn mutagens in bnramecia are also known carcinogens.

Iﬁ the photodyhamic system, activity is defined as the biological
response to a démbihétion of light energy and chemical sensihizof induced -
by néithcr:aloﬁe. In paramecié, ;hoto@ynémic actiVity can be quantitatcd
By the coanntratjon of the agent and fluénce,roﬁuired for ccll imﬁobilizé—
tion. The photodynamic assay may be a fapid scnéitivé poﬁential rhoto-
mutagens and.photocarcinoggns. Aqénts identified as actiye in the photo;

dynami.c system can be further evaluated in other assays for light mediated



enhancement of mutagenesis or carcinogenesis. These light sensitizing
agents, even if non-mutagenic or non-carcinogenic, represent an environ-
mental hazard since such agents may interfere with the ecological

balance in aqueous environments by killing some organisms exposed to

suniight.



ansaToeEe et ST PR A T

INTRODUCTION

>Parémecigm and other unicellulqr eukaryéte orqanismg occupy. a
sﬁrategicélly important level of organization, stfucture and'funcﬁion
" between proquyote and multicellular organisms and as such provides‘
an important research resource (Sonneborn, 1970). The wi;est'approach.
for detection of hazaidbus.agents wquld seeﬁ tq be the iﬂclusion of bio-
lbgical indicators from some'represeﬁtativés among the three leyeis of
organization for a battery ofushort—térm assays to preécreen fof

hazardous agents. Paramecium.tetraurelia contains two micronuclei- and

one mécronuéleus. The macronucleus.contains'400 timeslés ﬁuch DNA as. 
the micronucleus, goyerns growth‘and cell division, and determines the
prhenotype of'the organi.sm dur%ng vegetative growtﬁ (Cummings, 1972;
Jurénd ana Seimap, 1974)1 The.micfohgciéi are the rcpository of the
genetic information'for progeny after fcrtilization,.and‘do not ﬁormally
'funCtiOﬁ in the phcnotfpe'aetermination of vegetatively dividing cells
(Sonneﬁo#n,_i974). "puring fertilization, ﬁhe micronuclei underao
méiosis, form haploid gamcte nuclei, and only one is retained and is
.duplicated. During conjugation (éross—fcrtilization), mutual exchénge
of gamotés occurg; while during autogamy (Self-fertjlization) the twoAA'
'identical gametes fﬁse'po form the homozygous z?qotc(nucleus or.syn+‘
.kar§on. Thebzygotc nucleus suﬁséduently differentiates into thé new

‘micronuclei and macronucleus for progeny cells (for review see PFeale,

1954; Sonneborn, 1970, 1974). The biology of Paramecium tetraurelia is

‘exceptionally, favorable for mutagenesis studies since autogamy ‘results




in the homozygous condition of recessive mutatibns allowing immediate
expression<of.the pheﬁotype. Tclahymena also offers potential for'
mﬁtagenesis studies since "shﬁrt éircuig" m;tings and sélectioﬁ teéh— _
niques provide recoyery_and immediate expression of any indu;ed‘genetic
damage (Bruns and Sanford, 1978). Prokaryote systems have‘been used
successfu}ly as detectors of carcinogens siﬁcé carcinogens are mutagenic
agenfs (Ames et al., 1973, 1975; McCann et al., 1975; McCanﬁ énd Ames;
i976; and DNA damage has been‘iﬁpiicated_in ca?cinogenesis.(nart et al.,
1977; Knudson, i§7l). Paramecium will be considered as a:eukaryote :
Aaetector of mutagenic and DNA damaging agents (the two are not alQays
the same). and for its predictive4yalue in screening for»cafcinogéns. 
The fraction of prégeny'whiéh do npt_survive is an index of lethal or
.@etrimental mutations (Kiﬁball, 1949-1965; Kimball et al., 1951-1967) énd
can be utilized to quantitate the mutagenic potentia} of thg égent.ben
additidn, it is known that micrbnuclear suscoptibility to mutaqénic
agents reacﬁcs a maximum just prior to the initiation of DNA syﬁtheéis
possibly'due to a loss of repair capacity at this time (Kimball, 1963) .
The utilization of synchronizéd'cells‘at this sensitive period is equi§4
alent tqiusing repair deficient strains.

Three known:carcinogcns, ultravioiet irradiation (UV), meﬁhylméthane
-sulfonate and benzo(éipyrene were tested. Studies of otheré ﬁave shown
tﬁat photorehcti&ation repair monomerizes the UV induced CyclobﬁtaAG
dimers (DNA damage) bubt does not effoct tho:othcr-photopfoducts (Setlowh
lQGC;‘Snthér]and and'Oliver> 1976; Sitherland et aﬁ., 1967, 1968) . .
Therefore, differences in progeny survival after ‘autogamy between cells
receiving ul£raviolet{alone §ersus ultraviolet followed by photoréacti—

vation allows quantitation of the biological effect of uhrepaired versus
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repaired DNA damage. Methylmethane sulfonate was chosen since other

alkylating agents have becen showi Lo be effective nutagens in. paramccia

(Kimball, 1965; Kimball and Perdue, 1967). Benzo(a)pyrehe was selected

because it is a common environmental pollutant. FPFolycyclic aromatic

hydrocarbons are known to require metabolic activation to show muta-
genesis (Ames et al., 1973, 1975; Miller and Millexr, 1971; Garner et

al., 1972). By using‘benzo(é)pyrene the value of Ames $-9 activation

. could be tested in the Paramecium tetraurelia éyStem.

The photodynamic assay, in contrast to the mutagenesis assay cannot

be considered a monitor of DNA damage since the mechanism(s) of action

are unknown. Photodynamic action is a combination of light enerqgy and

chemical sensitizors to produce an effect induced'bQ neither alone
(Epsteih et al., 1964).° The major class of'phdtodynamiéa;ly active
agénts includes bélycyclic aromatic.hydrocarbons and certain dyes
(Epstein et al.., 1954; Imray and tlacPhee, 1973 a,b,; Kelly-Garvert and
Legator, 1973: Santama;ia, 1972) . Product wastes from coél'and coke
processes include polycyc;ic aromati; hydrocarbéns and some are knéwn

carcinogens (Bercnblum, 1974; Duudel and Dundel, 1966; NAS, 1972).

Rapid detection of the hazardous agents could allow modifications in the

developing processaes to minimize the production of these compounds.

" Photodynamic activity has been demonstrated throughout the phylogcneticA

kingdom including Escherichia coli (¥1llis et al., 1974) and Salmonella
(Gutter ct al., 1977; Tto, 1978), Paramecium (Epstcin and Burroughs,

1962; Epstein et al., 1961), Neurospora (Malling et al., 1970), the

brine shrimp, Artemia (Morgan and Warshawsky, 1977), and mammalian

cells in cultuxe (Morimura et al., 1964) . Although Paramecium caudatum

has been established as.a valuable indicator of photodynamically active
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cﬁmpounds' (Epstein et al., 1964) , Paramecium tetraurelia was the
prefétence for theée studies since our work has been with .this érga—
ini;m, and the bulk of backggound'genetic and‘mutagenesis stﬁdies byA
others have peen with thisxspeciés (éonnebo?n, 1950, 1970, 1974); -The
‘,present;étudy'therefore-evaluates the potential of the ;peciés as a
.photodYnamic and mutageni; eukaryote unicellUlafAindiCator'of envirbn—
menté; hazardous‘égen;s by utilizing known carci@ogens aﬁd avaiiable

‘data of others.
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MATERIALS AND METHODS'

Culture conditions: The standard culture conditions were used.

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

with chbsiella aerogenes, incubated at 27OC and adjustéd to pH 6.7.

The cells used were stock 51, free of kappa particles, temperature

_insensitive, trichocyst discharge, and normal behavior.

Daily Isolations: The procedures for daily isolations have been

described previously (Sonneborn,'l954;’Smith-Sonnebbrn, 1979; Rodermel

and Smith-Sonneborn, 1977). This technique allows determination of

cellular age (the number of cell divisions which have clapsed since the
origin of the clone at fertilization) . Tertilization by autogamy is

ascertainedAby observing 100% of a sample of cells with the nuclear

changes characteristic of autogamy by fluorescence microscopy (Smith-

Sonneborn, 1974). The unstained‘cells from that pqpulation are the
progeny from aﬁtogamy.

Mutagenesis assay: The method used was developéd by Kimball aﬁd
co-workers . (Kimbail, 1963, 1965; Kimball and Perdue, l967)vandl
described heré‘(sée<Fiq. 1). Synchronized cells are obtaiAQd from a

mass culture derived from a single cell and divided into control and

treatment groups. At the most sensitive time for mutagenesis, 2.5 hours

after cell division, 20 cclls ave placed in a microedrop, flooded with an

appropriate dilution of a chemical agent for a given duration. Single-
cell isolates were made alter completion of treatment and each isolate.
was maintained as a cell lincage in daily isolation lines. Each lineage

was screencd for starved cells 100% in autogamy, for use
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"as the source of progeny.from parent cells. Sixteen cells from each
depression sthiné-lOO% autogamy . were taken and placed aslsingle isolates
(clones) into fre;h medium in dépresgions. 'The_isolétion of this number
of autogamous specimens provides nearlyAfﬁll detection 6f recessive
lethals and detrimentals anywhere in the four genomés'in the two dipldid
micronuclei; the-chancp of missing a recessive lethal is 3/416.

~The clones were allowed ﬁo grow for 4 days aﬁd ﬁhen.éach depression
was observed under a.dissectingvmicroscopef

The clonés were classified as follows: viable,‘cells which had
cleared the medium of_bactgria; detrimental or slo& growers, cells which
.ﬁad not éieared the medium of bacteria;-and lethalrcellé which died or |
gave rise to only a few moribund cells (Sonneborn) 1570); The viable
fraction from 16 progeny was scored for cach parent from a qiven‘cqntrol
or ekperimental,group. The yalues'for each group were poclcd énd an
agent was considercd a DNA damaging acgent if the viablé fractioﬁ Qas
significantly.lower than the control group. Significance was determined
by placiﬁg coﬁfidence intervals on the difference of the twe proportions
using the normal 5pprbximation (Mendenhéll, 1975).  The variance of that
differenge is computed on the basis of a stratified random sample .
(Cbcﬁran, ]977)‘whore such observation (5urvjvinq‘fraftion) is a
straﬁumAand the sample size for each stratum is constant.

The survivorsAcan also be'tésted for the presence of»typjcal mufant
phenbtypcs, l.e., tcmpbraﬁure sensitives, bohavioral mutants aﬁd t%icho—.
cysk d{schﬁrqn miLant.in, . Tenperature sensitives ave incnpabie of'growth
at hfdhwr LIRS TR Wake (Hﬁnnohorn. 107ﬂ). Reonavioral mntart= <do nob
il e nesian e e veacion of s e o figne, 1251 A
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< Tt-should be cautioned that final classification of such phenotypes
ras "mutant", requires mating the mutant with wild type, and segregation

of the'types‘in the autogamous F_ generation (Sonﬁeborn, 1970) .

2

Agent$ Uséd: Methylmethane sulfonate stock solution was diluted in

culture medium containing Tris buffer, adjusted to pH 7.0 and added to

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

in acetone, then diluted in culture medium and the suspension was added

tolthe eells. The conditions for ultraviolet irradiation and photo-
réactivation have been reported previously (sSmith-Sonneborn, l9ii;
Rodérmgl anaAsmith—Sonnébbrn; 1977). 1In all cases abéve( the cells were
synchronizcd b? selectinq,cells_with the morphoig@y of dividers using a'
micrppipet under a dissectiné microscope and treéting at 2% hours aftér
division. |

Phétodynahic assay: A'brief>outline of the procedure‘is seen in
Fig. 2. The égcnts were dissolved in either aéetone‘or DHSQ before
dilution in culture medium. The cells‘afe incubated 2 hours in the
agent priér to 1 hourx illumination(with‘a Sylvania F40 BLB light at 4.4
cm. 'Photod?namic activity was défined'in this»study as 90% immobiliza-
tion of 100 caells after 1 hour of exposure; weak positivé Qqs defined as

903 severely retarded or immobilized cells; and negative, 90% motile.

Triplicate samples were assayed for each coupound.
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"RESUL'YS

The significant reduction in progeny survival after autogamy, 13-

-19%, seen after ultréyiolet radiation alone, was not found when ultra--

violet irxadiétibn was followed by phqtdreactivation, at-1800 and 2700 .

-ergs of ultraviolet irradiation (Table 1) . At higher ultraviolet doses,

3600 and 5400 ergs, the photoréactivétioh treatment did not restore the

survival after aﬁtogamy to the untreated control level; the capacity for

‘repair of -all damage was exceeded. At appropriate ultraviolet doses

hmwevéé,.thg fraction of proﬁeny.surviVing autogamy ié an inaex-of
gnrepaired DMA damége since repéir by photoreactivation restores the
survival to'cohtfol values.

MéthylméﬁhaneAsulfonafe (MMS) exhibited inc;éased redqction of

progeny survival after autogamy as dose increased (Table 2). Theé older

~clone, 90 fissions old, was more sensitive to the effect of the ‘agent

since‘the lO_4 dilution éxﬁibited a sidnificanﬁ effect only with these
cells. The survivors of,autoéémy were also tested for othe; typiéai‘
mutant'phenotypes'and'tempcrature sensitives and swimminq'behaviqral
deQiants were aetécted dnly in the MMS treated groups.

Bgnéo(a)pyrene showad Signifiéant fcduétion in- survival when used
in comﬁinatidn'wjth Ames S-9 rat liver microsomdi fraétion; the‘S—O
fraction alone was not sighificantly different Erom tﬁc untreated
ééntfol%, indicating thgt”thisicarcinogén is effeétivc in cqqsinq DNA
démage‘after activation with the Ames fraction (represéntéfivg data‘is
seén in Table 3). The data further indicate that tﬁe micfosomai

fraction is useful in the paramecia system for agents which require
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activation for mutagencsis. A linear increase in effect is not noted as
concentration of benzo(a)pyrene increases; the optimum concentration
'appears to be 30 ug/ml. The $-9 concentration éﬁd cytotoxicity at 60
U§/ml coqld contribute to the observed reSulﬁs; i.e. increased $-9 may -
be ;equiféd for highér benzo(a)pyrenevconcentrations and toxicity.cduld‘
kill parentsﬂbefore their progeny'cquldvbe tested for lethal and reces-
sive mutations.

Induction of mutagenesis by benzo(a) pyrene without an exoégnously
supplied activatioﬁAsystem (S-9) has given variable results. Whereas
Abepzo(a)pyrene was significantly different from contréls in one expeyi;<
ment, no effect was noted in‘the other experiment (Table 3). This
'resulE is typical of our other attempts to show endogenous activation of
benzo(a)p?rene‘as‘a mutagenic'aQent, indicating that our.data at this
time is insufficient to éléssify this agént as mutagenic.unless's;9 is
present.

Comparison of the agents tested in the P. Egg£gg£g££§~mutagenesisl
" assay in the present stﬁdy and those inveétigated by okthers is seen in
Table 4. All mutagénic agénts'are known carcinogcns;'all non-nmutagenic
agenlts, non-carcinogens. b, ' ‘ .

In the photodynamic assay, only' the polycyclicAaromﬁtic hydrocarboné
were found to be qctivc (Table 5). Other chnts tested as negative -
include for example, méthylmethqné sulfonate (positive in.ﬁhe muta@onesis
'aséay above), proflavin, benzgne, phengl and chylcthane ;ulfonate. A
comparison qE our rgsults with those of (tpstein ot al., 1964) using D.
EﬁEﬁQEﬂE and the hmes system (Table'G)'indicdte that with the limiped
compérison possible, the three:agrge céﬁplotcly with the exception of

anthracene which is positive in both paramecia systems, but negative in
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the Ames assay. The presensitization of P. tetraurelia by benzo(a)-

pyrene to light is seen in Figure 3 and indicates this species is
C : E

"an indicator of photodynamically active agents. These cells are-

immoﬁilized’in 4 minutes‘of,éxposure to: the black‘light-bulb. The cells
weﬁe also‘tested for the photddynaﬁic response witﬁ sunlight, and iﬁmé—
bilization wasicombléte in 40 seconds when cells were preincubated in 20
ﬁg/ml benzo(a)pyfehe; sunlight alone.ghoﬁed no effect durihg this inter-
val, The data is Eakén'as evidence the E..tetraurqiig is‘a'sensitive

detector ol photodynamically active agents.
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DISCUSSION

The mutagenesis assay has been used with a limited number of agents
but all mutagenic agents are known carcinogens. The assay canh be con-

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

agents. This eukaryote unicell offers rapid detection of induced reces-

sive lethals and detrimentals since self-fertilization results in the
immediate expression of these agents in this one generation.

The relation of fraction surviving after autogamy to the mean

number of micronuclear mutations has been considered extensively (Kimball

1949, 1959, 1965; Kimball and Perdue, 1962, 1967), -and transformation

equations are available which allow comparison of fraction surviving

after autogamy to an index of mutations. ‘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 agent used. Quantita-

. tive ”and qualitative differences in biological potency of the different

agents can be determinedJ The mptégenesis assay proposed is to{utilize,
only the.fraction surviving autogamy as an index of mutatiqns since
extensive studies of Kimball and co-workers indicate the vélidity of
this pfocedure (Kimﬁall, 1949, 1959, 1962). In addition, the data
reported heore show unropaifcd DNA damage reoduces progeny surv%val.after
ultraviblet only, while'repairqd DNA  damage, by photoreactivation can
;éstore survival of progony after autogamy to:control valuoé. These
results mimic thosc of an earliér study by Kimball sho&ing'revc;sal-of"
ultraviolet damﬁge bf photorgactivation (Kimballland Gaither; 1951). If

other mutant phanotypes are used such as temperature sonsitives,




behavioral mutants or t;ichdcyst JAischarge mutants, such cells shéuld
be crossed with hormais and thenvnnunyed for 1:1 segregation in the F2'
Agenératioﬁ. " The mating/segregatiqn steps can be ‘done but inclusion: of
ffhése steps increasés the complexity and time féquired.for éssay of:
potentiél mutagens. |

?Ail compounds'tésted in the Ames and Paramecium mutaéenesis systems
showed identicél results excepﬁlproflaVin.which wag»mufagenic_in the
prokafy¢tes,and negative in pa:amecia (Table 4). It is~ques£ibﬁéble
whethef proflavin is'weakly'carcinogehiﬁ or non-carcinogenic (NCI, 1377).
The cdmplete corresbohdencerf mutagenic with’carcinpgénic'agents in the
mutagenésisfassay vith the limited number of agehts tested.to'date sug-
gests that paramecia mutagenesis is very promising as a pre-screen for
inclusion in battery testing of potential muéagenic/ca;cinogenic agents.

In the F. teﬁr%g;el}a photodynamic.aéséy, gll compoundé which were
classified as éércindgens (NIOSH, 1976) were photqdynamically active agents
(Table 5). 7The carcinogen, .anthracene, is negative in the Ames system but
positivelin the photod?namic assay (Table 6) suggesting that the photodynamic
assay cﬁh identify some‘baréinogenic agents difficult to detect. in thé pro—,
karyote system. :In_thc P. caudatum ph&todynamic'assav, Sdﬂ‘of the‘most'actiyg
égents.were knovin carcinogens and 22% were ﬁhen clasgified as non—cafcinégens
(Epstein et al., 1964). We have reevaluaked their data considcring.recentf
classification of agents and definipg photodynamic activity as:”agents'which
'immobilizo cells in 50 minutes Qf'irradiatioﬁ at ng/ml“ toiimprove the pré;
dictive valuge Gf tha asﬁay. Théir daﬁa then indicate that 93f'(55759) bf_the
knowﬁ ﬁafcinogens and- 39% (35/90). of agents classified asAnon—carcinogens are
photodynamically active (Tabhle 7). The changes in classifiéaﬁion include

énthracene, which is a photocarcinogen (Heller, 1950; Blackburn and Taussig, 1975)

a3
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and 6-aminochyrsene, benz(e)acridine, dibenz(ac)anthracene, beno(k)-

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

~di_mehtylbenz(a)anthracene which are now listed as Carcihogens (NIOSH,

1976) . FEight photodynamically active agents have also been classified»

»as‘nédplastip:(NIOSH, 1976) which are classified here as non-carcinogens.

The assay is more competitive as a predictive assay for carcinogenic

agents with our modification, but there are more "false positives”.
-The classification of the compounds as photodynamically ‘active or
ihactive should not be considered our final determination since our goal

was to establish this species as an indicator of photodynamic activity.

The assay necds to be used with larger numbers of agents, refined to

achieve maximal sensitivity and reproducibility, and a standard definition

“of photodynamic activity established to include the maximal number of

known carcinogens with wminimal -loss of specificity.

-Both: the mutagenic and photodynamic assays . in Faramecium tetraurelia
offer promisc as cukaryote detectors of hazardous agents; the former,

identifies DA damaging agents and the latter detects agents which

presensitize cells and organisms to light illumination and its consequent

effects on the cells. The mutagencsis assay may -be applicable to a

hroad range of mutagenic-carcinogenic agents, while the photodynamic
roa g 56 , C ,

assay is uscful for the polycyclic aromatic bhydrecarbions and dyes. The

duration of time required for the mutagenesis assay in paramecia is 7

days, and is relatively inexpensive, but requires knowledge of the
biology and manipulation of the organism. 7Jhe photodynamic assay
requires only 2-5 hours, is extvemely simple, incxpensive and requircs

minimal knowledge of the biology.and manipulation of the organism.
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N comparison‘of the mﬁﬁagonesis‘and photodyndmic assays within the
eukaryote EEEEE§S$EEJ reveals opr-ring effects with blacg iiqht; in thé
mptégenesis assayv}ight is beneficial, while in the.photodynamic aséay, lighf
is lethél. Illgmination of Fells with black liéht in the MUtagenesiS" |
aSsa? after treatmenﬁ with uléraviolet, amgliorated thé DNA damaée
induced by the agent.  The ‘beneficial effect has been_éhowﬁ to beAdue to
ﬁhe light stimulation of ﬁhe photoreactiQétioh-enzyme whichAmonomeriées
the. cyclobutane dimer damage in the DNA, i.e., black light activated a

.

repair process (Setlow, 19v65;‘ In the photodyhamic system the polycycljc

1

aromqtic-hydrbéarbon or sensitizing agent is‘”harmleés hnti] acﬁivated to
a damaging agent, and this activati@n can be provided by light. At
higher doécs, the combination is 1éthal, at Subletﬁal doseslpossibly
mutqgonic or.carcinoqenic.‘ The eéxact mochani§ms rosponéib}e for
photolethality have not beenielUcidated, but need not be due d%rectly to
DNA'damage: ~The photédynamic action is related to an. active oxygen
species since its activfﬁy can 5e reduced in an ox?gen free atmosphere,f
and by séavenéers of singlet -oxygen (Blackburn and Taussig,” 1975;
Douzéu, 1972; Paine, 1976;'Jose, 1979). The.endoqenous activationAof
‘Eheée aéents in the dark requires oxygen aﬁd the mixed funcﬁion—gxidaset
systams (Conney,v1967). Light mé? be stimulatiﬁq the generation of
oxygen, inducing the endogenous enzynes KPaine; 19276) .

'I".v;.i dence thl‘H: I‘Hl‘z\ mry he in:vo].vc:d }-Ji[‘.h some of l:hc‘.'phoi:odynamic:al'].y
Sctivo acqent= includes theé Foilowing obzervations. Photodynamic ackivity '
waé?incrcaﬁcd in proknryotés defective in DNA rapair (Imray and HacPhee,
1973) and banzo(a)pyrene, methylcholanthreno and anthracenc exhibited
increased cfficiency of,tnmofiqenesis when topical_applications were
augmenled witﬂAilhumiuatiuns.mr critical dosos, [lucnce, and wnvelénqths.

(Heller, 1950; Blackburn and Taussig, 1975; Clark, 1964).
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Illumination alone was inactive. Anthracene becomes covalently bdund to
mammalian DNA in tissue culture cells when exposed to 365nm light.:,when
the binding exceeds. one hydrocarbon per 10" bases, lethality is observed.

Light.mediated enhancement of mutagenicity has been observed with'

methylene blue (Gutter, et al.,.1977), toluidine blue (Ito, 1978),

"acridine orahge (Imray-and MacPhee, 1975) and the polycyclic aromatic

hydrocarbon, chlorpromazine (Brendel, 1968; Kelly—Garvért and Legator,
1973; MacPhee and Imray, 1974).

The available evidence suggests that paramecia is valuable

Indicator of photodynamically active compounds and can be used as a

prescreen for these agents. . This short-term bioassay can be used in

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

"aﬁents in air (Epstein et al., 1965) and watex:; 2). the bio-degredation

" of these agents in test ecésystems, and 3) identification of agents

which-should be tested in aﬁimal systems for light enhﬁhccd carcinq—
génicity. Dhotocarcinog@ns represent an impoftant claés since one of tﬁe
mbst active-agents{ benzd(a)pyrene ig a common envirqnmental péllutant
and h@s exlibited light‘enhanced.éarcinogenecityv(Santamaria et all;

1966). Since photolethality is a phylodgenetically universal process

(Epstein~et'él.,‘1964; Gutter ‘et al., 1977; Imxay and lacPhee, 1975;

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

1977), n&tivc compoﬁndﬁ could alter the ecoioqical baiaﬁge of. the'énvironﬁent,'
selectively killing qnd/hr'ﬁutaqcnizinqxthc surface speéieﬁvwhicﬁ inciUdg:
thé éerobicwand phototropic arqanisﬁs.

Tn suvmnary, hhe'mﬁtaqonesis assay'proyidés.a eukarvote unicellular

assav ak a lecvel bhetween the prokaryotes and multicellular organisms.




16
The photodynahiq asééy offer§ a rapid, inexpensive assay fof photody—
naﬁically activeAagcnts which can then be screened for their mutagenic
and,carcinbgeﬁic poténtiél iﬁ the bfesence.of light. Envirsnmental
pollution of these agents Caﬁ be rapidly detected by the paramecia'assay
‘both .in air.and water éamples. Reéardless of tﬁé mechanism by which
thése agents caUsQ damage; these photodynamigally éctive{agents ma§'

represent a major anironmenthl.hazard.
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"Figure 1. Legend. The mutagenesis assay is outlined. The mass cultures .
“are derived from the products of a single cell ¢f known age: The‘geneti-‘
~cally identical synchronized cells are placed in control or treatment .

'gréups with 20 cells per group. Each cell is then used 'to initiéte a

lineage by placing one cell per depreésion on déy 1. The folléwihg day,

‘a single'qell is reisolated into a new depression with food. The cells

notitransferred, in back depressions, are a source of sgérVea cells on
day 3 or 4i Starvation induces autogémy. 'Depressions whiéh:show parcnt
clones in 106% avtogamy are used to obtaiﬁ 16 single isélqteé,'eaCh then
plécéd in.éeparate depressions. 'Aftgr 4 da?s, thc.dppressions'are.

scored for the presence of viable clones. The frequency of viable clones

‘after autogamy is an ‘index of mutations or DHA damage present in ‘the

parent cells. R . » o . B
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Figure 2. 'Legend. The progeny frem 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 which receive

no. treatment :
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Fig. 2

- Photodynamic Assay
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Eigure'3. Legend. - Cells were pro- incubated for 17 hours. in 20 ng/ml'
' benzo(é)pyrene‘and then exposed to black light (Syivania F40 BLB bulb at

- 4.4 cm) for various time intervals.
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Table 1. . Fffecl of u]LJaVJo]oL 1rrad1atlon alone and when folloved by
»hotoroactlvatLOn : ‘ :
Percent: Survival aFtér'Autogamy
. Ultraviolet. - Ulttavao]ot
UV Dose (ergs/mm ) A orrly Phot01eaLL1vaf10n Control
1800 - 19 B 97 ' 97
2700 , | 13 - 99 97
woo 13 92 97
4500 ' 8 S 83 - 97
54000 - 2. e 97

Synchronized cells were treated 2% hours after cell division. Data from
‘three cxperiments was pooled and the surviving fraction among progeny
from at least 6 treated.parent cells was determined fo reach of the 11
groups, or 3,264 cells. Thase values not underlined by the same 1ln“
are significantly different with 95% confidence (Cochran, 1977;
Mendenhall, 1975). ’
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Table 2. Effect of Methylmethane Sulfonate on survival after autogamy.

. Percent Survival
Methz%methane sulfonate .dilution K . Dge
Control ~ 10 ° _ 1073 1072 . (fissions).

93 89. 95 " 39 L 30

64 P 44 17 .. %0

Synchronized cells were treated at 2% hours into théir interfission

period. The values were obtained from pooling the surviving fraction
among 16 progeny from at least 4 parent cells from each group’or.54d colls.
Those values not underlined by the same line are significantly different -
from one another with 95% confidence (Cochran. 1977; Hendenhall, 1975).
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Table 3. Effect of benzo (a) pyrene/microsomal fraction on progeny
- survival after autogamy.

Percent Survival.

Benéb(a)pyrene/microsomes' ) Benzo(a) pyrene . )
] ug/ml 5-9 ng/ml N Controls
30 | 60 15 - 30 ' : ‘
72 - 8 .97 97 92 . 98
69 89 . 83 100 . ~ 100 100
Synchronized delus‘wer@ treated 2% hours after ¢ell division. Tnocthe

Lwo experiments. above, the benzo (a) pyrena/microsomal group received
.04 = .06 ml of the Ames $-9 fraction. The minimum number of treataed
cells from each group was 6 clones, with 16 progeny tested from each’
clone, or 1,824 cells. o : :

Those values not underlined by the séme line are significantly differ-
ent at 95% confidence (Cochran, 1977; Mendenhall, 1975).
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Table 4. . Carcinogenic versus mutagenic agents in Faramecium.

Agent*

Classification A
Hutagenic*** Carcinogenic****

Acridine‘muétard (36)

Benzo (a) pyrene (activatedf**

Ethylmeﬁhané sulfonate (36)
'Hydrogén peroxide (34)

Hydroxylamine (36) '

N methylblnitrosdﬁitrbguanidide_(66)
Mitrogen mustard (21)
Methylmethane sulfonate*¥

Proflavin (206) ) .
Triethylene melamine (36,41)
X-rays (39) e
Alphalradiépion (39)

* %

Ultraviolet irradiation (37,39)

not liste&

~ *The number in paventhesis represent the roflercnce used to
the agent with respect te its mutagenic potential.

- = non-mubagcenic.

mutagenic;

" **rhe cvidence is from the present study.

**4Tn all skudies mutagenic agents caused reduced progeny survival

after autogamy. The non-mutagen hydrogen peroxide did not reduce

progeny survival (Kimball, 1955).
[ .

SFRAFThe carcinogenicity classification wdas from the suspected carcinogens
Lisk (NIOSH,  1976) for chomical agents and from Andrews (1274) [or the

al agents. = carcinogenic;

physic

non=-carcinogenic,
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Table 5. Photodynamic effect of.agents with Paramecium tetraurelia.

Photodynamic response
concentration '

Carcinogenicity
classification**

were immobilized after

Agent 101g/ml 100ug/ml .

‘Anthracene + + +
Benzo(a)pyfene + ] .+ +

. 2,3 Benzophenanthrene + + +
9,10 Eenéophenanthrene - - not listed
,Chryséne 4w not dénc o +
2—Méthylanthracene + + not lrsfed
9-Methylanthracene -+ . + - '
l—Methylpyréné' toxic
Naphthacene +w : + not listed
Napthaicne4 - - - ‘

: Phenanthfene - - -
*The photodynamic fesponse was defined as follows: + = 90% of tﬁe cells

60 minutes of .exposure to the black.light bulb;

tw = 20% of the cells showed severely retarded swimming or immeobilization:
during the test intervol: and - = 90% of the cells wore motile after the .
treatment. In all cases the agent was added 2 hours prior to light

exposure.’

during the teost interval in Lthe absence of light.

**rhe classification of the agents was taken from the list of‘suspécted
carcinogens (NTOSH, 1976). : : :

Toxi¢ agents were agents which showed an effect on swimming
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Table 6. Comparison of. the photodynaﬁiC'aétivity and mutagehicity in
the Ames Assay.* v ‘ '

Compound Ames Test* P. caudatum** P. tetraurelia***

Anthra¢ond . - ; ' N o +

Benzo(a)pyreﬁc S , - - o o

Chrysene . . SR j ; . : o ;:
vNaphthalene : - ' * not done T

Naphthacene o not: done 4 - o T

Phenanthrene - . ) - . ’ -

*The data. from the Ames test was from their published data (McZann et al..,
©-1975%) 4+ = mutagenic, - = non-mutagenic. ' '

*xPhe P. caudatum data is from Epstein ct al. (1964) + = photodynamically"
active; - = photodynamiéally inactive. ’

***The P. Lekbraurelia data is from the present study (Table.5). . e :
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Table 7. Photbdyhamic activity versus'carcinégeniéity.

Photodynamic. : Mumber of .. Number of
o . Carcinogenic . . HMon-carcinogenic - Total
Activity Agents Agents - ‘
Active . .55 S - B = . 90
Inactive : -4 ‘ : 25 ‘ = .22

‘Total - - s9 ' 60 o 119

The data was taken from the. puhlished fesnlts of Rpﬁﬁein et al.,. 1964,

Since their data was published, eight of the agents which were photo-

dynamically active have been reclassified as carcinogens. .(See text .
. for the definition of activity.) - o R R ;
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