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THE ROLE OF DROSOPHILA IN CHEMICAL MUTAGENESIS TESTING
‘Carroll E. Nix and Bobbie Brewen
Biology Division

Oak Ridée National Laboratory

INTRODUCTION
An important question facing our society is the impact of numerous
chemical insults on the health of man and his environment.. Faced with -

a staggering array of chemicals and enormous testing costs, only a few

_chemiéals can be tested for possible carcinogenic effects. Recent

results with the Salmonella/mammalian microsome mutagenesisgggsay.A%ﬁég%ékf‘

developed by Ames (2) demonstrating a 'striking correlation between

carcinogenicity and mutagenicity of many chemical compounds.offer-thel
poséibility that mutagenesis assay systems can provide é quick identi-
fication of potential carcinogens. Resulﬁs from microbial asséys.can
sexve as a guideline'for fufther mutageneéis testing as well ‘as identify
those compounds requiring more extensive analysis in mammaliaﬁ sySfems.
Unqﬁestionébly, man is more closely related to other mammals than
bécteria and iﬁformation regarding pharmacokinetics can only be obtained

from mammals. Detection of peint mutations and small deletions in

mammals, however, requires enormous costs and considerable time and

labor; thus the number of chemicals that can be investigated is
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restricted. Other mammalian assay systems which rely solely on
éhromoséme breakage do not sufférlfrom these disédvantages, but thgir
utility as diagnoétic tests are Questionable in light of recent resulté
obtained in Drosophila. Vogei (10) has shown that many chemicals are
very effective in producing point mutations and small deletions but do
not produce chromosome breakage effects at all, while others produce
chromosome‘breakage, but only at éoncentrations much higher than théﬁ‘_
required £o_produce point mutations. Such compéunds Qould aépeér

safe in any aésay which measured only chromosome breakage.

'Reliance on the ;esults from a single mutagenic assay system is
rather risky. It would seem preferable, in our Qbinion, to use aA‘
battefy of tests (the tier approach)'ﬁhich would include the rapid
microbial éssays as well as mammalian systems. Also the use of
Drosophila as a bridge between the micrbbial and mammaliéh assays has
many desirable features as will be discussed in the following para-
graphs 

Advantages of Drosophila as a Test Organism

As a mutagenesis test organism, Drosophila is not as economical

nmor as rapid a screen as the microbial assays but few higher organisms

offer the economy and short generation time that can be achieved with

Drosophila. Drosophila mutagenic assays can be used in pre-screening
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tésts but perhaps the most useful approach is to uée them as a con-
firmation of results.obtained'ih microbial assays and exﬁénsionnof the
anlaysié to include genetic end-points thch are unattainable.in tﬁe |
microbhial systems.

Due to the availability of a wealth of tester strains, the

‘assessment of a variety of induced genetic changes is readily obtain~ .

able in Drosophila. Genetic end-points easily scored cover a wide

" spectrum including point mutations and small deletions, translocations,‘

chromosome loss, non-disjunction and genetic recombination. Thus

mutagenic assays in Drosophila can detect genetic damage due té both

‘point mutation and chromosome breakage.

In many mutagenesis screéning'programs,,method of exposure is
often an important parameter. In those cases, the advantage of using

Drosophiia again becomes apparent as the chemical compound may be

"administered via feeding, injection, inhalation or direct treatment of

sperm. Feeding and injection are the most commonly used methods but

inhalation of a gas or aerosol is also very effective. A serious

* .disadvantage of the aerosol method is that a considerable volume of

the chemical agent is required; a disadvantage which is overcome by

"the injection technique where only microliter quantaties are needed.

For a more thorough discussion of the advantages and disadvantages, see
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the review by Lee (8). Whatever method is chosen it should be kept in
mind that a negative result may be due tm thé particmlar method of
exposure (17), amd in these cases an alternate route of administrafion
shmuld be used.

Chemical mutagensAoften shqw a cellular épecificit? (3) amd féilure
to detect mutagenic activity may result from a stage—specifim rééponsé.
:h Drosophila the_mutational response to a chemical insult in diffeient
germ cell stages may be studied by the brood patterm analysis (a
teéhnique whereby the mutaion frequency.of successive mating is obtainea).-
Though somewhat,mdre‘time consuming the additional information éained
can give a more detailed picture of the mutagenic activity of_aAchémical.
‘The method of brood pattern amaiysis developed for use in radiation
Qeneticé works equally well witﬁ chémicals except that withvchemicals
one has to consider the lingering effect of éhemicals whichbrémain im
the body and which results in exposure of gérm cellsoner a lmnge; period
of time.

Another feature which adds to the utility of Drosophila is the'
btesence of a mixed function oxidase system which is similar to that of
thé mammalian liver in it; ability to activate imdirect mutagens. In
recent years consiéerable_attentiom has been focused on the mefabolism

-0of certain drugs and pesticides by insects and it has been shown that




the crucial step in such metabolism is a oxidative attack by mixed
function oxidases wﬁich can be isolated as a microsomal fraction

(1, 5). Although Drosophila are insecgs the evidence that they also
‘possess microsoﬁal activities similar ;o the mammalian liver was
indirect. It was based largely on the fact that séme forty—fiftyv
'compounds that,réquire metabol;c activation are, when tested in
Dfosophila, effective ih indpcing recessive lethals (11). These
compounds fall into several different grbupé with widely.differing
structufes; From these types of studies one can conclude that the
Drosophila énzyme sysfems are similar to the mammalian éystems in
the'versatility and lack of substrate specificity. Recently,

Baar et al. (4) havevpresented evidence that,isolatea Drosoﬁhila
microsqmes possess cytothoﬁe P450 and aryl hydrocarbon hydroxylase
activity ana Nix et al. (9) have shown that Drosophila %icrosbmes
are capable of acti&ating numerous promutagens when they are
sabstituted for rat liver microsomes in the Salmonella histidine

reversion assay.

‘The Use Of Drosophila In The Mutagenic Analysis Of Complex Mixtures
Potential health effects of existing, as well as new, fuel
technologies have beomce of increasing concern. Epler et al. (6,

7) have used the Salmonella/mammalian-microsome test system to




Aassay environmental effluents and crﬁde products from the synﬁhetic
fuels.techhology. Complex mixtures were‘fractioﬁéted; and each
ffaction was tested for possible mutagenic activity. Such procedures
identified éeveral fraptions és mutaéenic and as candidétes for |
further biological testing. Experiments described here represent an
attempt to extend their observations to a eucaryptic organism and fo
identify other genetic effects. In addition we describe the isolation
of a crude Drosophila microsome fraction and the use of such fractions
in the Salmonella mutagenicity test system.

1 8R
s Lsc +

Oregon-R wild-type males and Muller-5 [In (1). sc S,

stlscswaB] males and females were collected as needed from the Oak

Ridge stock collection. The Salmonella strain used was TA98 (hisD3052,

uvrB, rfa, frameshift plus R factor), obtained from Dr. Bruce Ames,
Berkeley, California.

Synthetic fuel fractions were dissolved in DMSO and then diluted

with a sterile sucrose solution to a final concentration of 2% sucrose

and 4% DMSO. A glass-fiber filter paper was piaced into an empty
glass-vial and then saturated with 175 microliters of the appropriate
‘test solupion. Wild-type (Oregon-R) males, 1-2 days old, weré sfaryed
‘for S h, placed in the.vials_containihg the test solution (25 mélgsA
per vial),lremovea after 24-48 h and mated to virgin Muller-5 females.

In the brood—pattern analysis treated males were mated for five
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successive 3-day broods. F., females were mated and progeny scored

1
for the presence of X-linked recessive lethals.
In the Salmonella/microéomelmutagenicity iesfs the standard .= =~ | /
procedures given by Ames et al. (2) were employed except that Droso-
phila microsomes were substituted for rat-liver miéfbsomes. Concen-
‘trations §f buffer‘and cofactors were as previously described by |
Ames, |
For the isoiation of Drosophila microsomes, wild—type (Oregon-R)
flies were grown on standard media which contained no live yeast.
Adults werg collected 7-10 days after emergence, etherized, and
placed on ice. Two volumes (w/v) of ice—cold>potéssium phosphate'
buffer (pH 7.5) was added and flies were homogenized by gently
pounding in a mortér until a smooth'brei was formed (approximately
120-150 stokes Qith the pestle). The homogenate was filtereﬁ through
four layers of cheesecioth and the filtrate was spun at 750 g. The
‘ resuiting supernatant was spun two times at 10,000 g and after the
final spin thebsupernatant was immediately in the Salmonella system;
the remainder was frozen at -70°C.
Our primary concern in tﬁe assay of the mutagenic'effects qf the_

synthetic fuels was to confirm the results in a higher organism and

then if possible to extend the analysis to include other genetic effects.




For this purpose we §elected the X-linked reéessive lethal aséay as
iﬁ has been shown to be the most‘sensitive in Drosophila.' Vogel klO)
has carried out a comparative study of the frequency of induction of
‘recessive lethals;-dqminanf léthals, and chromosome loss by various i
concent;ations of differept mutagéns. For all mutagens studied the
recessive lethal assay was the most sensitive;‘ We find a simiiar<
result for a series-of cyclic nitrosoamines as shown in Table 1. In:
‘additioﬁ we find a vefy close correlation between ﬁutageniéity as’
measured by the X-linked recessive lethal aséay and carcinogenicity
in rats.

Since the crude synthetic fuel‘is toxic to Drosophila, only selec-
ted fractions could be tested. Thé results of a brood pattern analysis
is shown in Table 2. Fractions 7 and 9 are iﬁeffectivebin including
X«linked.recessive lethals in broods 1-3, aithdugh fraction 9 seems to
be slightly mutagenié for spermatogonial cells. Using fraction E, -
the acetone soluble portion of a‘more highly purified subfraction.of ﬁhe
combined basic fractions from the Stedman fractiohationAschemef-(6, 7);
wé find a significant increase in the frequency of lethals in broods
1 and 2 bu£ not brood 3. This suggests that fraction E is aﬁ effective
mutagen'for‘mature sperm and spermatids but not meiotic cells. With
this in mind, we theﬁ fed fractions 7, 9, and 14 at several different

concentrations and monitored the production of X-linked recessive




Table 1

Induction Of X-linked Recessive Lethals And Sex Chromosome

Loss In Drosophila By A Series Of Cyclic Nitrosoamines

Mutagenicity in Drosophila

Carcino-

Compound X-linked recessive Chromosome

lethals loss genicit

in rats
Nitrosopiperidine (NP) 4 = ;
2,6-Dimethyl NP - - -
2-Methyl NP | + - +
4-Methyl NP + - -+
.3,4—Dichloro NP + - +
Nitrosopipecolic acid - NT -
Dinitrosopiperazine + 'NT +
2,3,5,6-Tetramethyl- - _NT -

- dinitrosopiperazine

" Nitrosomorpholine + " NT +

* .
The carcinogenicity data was kindly provided by Dr.  W. Lijinsky

NT = Not tested.
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Table 2

Brood Pattern Analysis of X-linked Recessive Lethals

Induced In Drosophila melanogaster by Synthetic Fuels

Fraction Conc. Brood Chromosomes Lethals % Lethals
fed (ug/ml) tested : :
Control ——— 1 1334 3 0.22
2 1839 4 0.22
3 1318 1 - 0.08
4 803 2 " 0.25
* .
7 994 1 1071 0 0.00
2 1039 3 0.29 -
3 984 3 0.30
* .
.9 1059 1 1083 4 0.37
2 1197 1 '0.08
3 1230 2 "0.16
4 1295 7 0.54
N ] .
E 500 1 1661 11 0.66
2 1686 13. 0.77
3 1780 3 0.17

*

Stedman fractionation procedure.

Basic fractions isolated from a crude synthetic fuel product by the

+ . . o, . . .
Acetone subfraction of Stedman basic fraction which is further frac-

tionated by LH-20 [Epler et al., these proceedings].
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‘lethals in mature sperm and spermatids. Inspection of Table 3 reVeais'
tﬁat fraction 7 is ineffective at all concentra;ions tested. Fractions
9 and 14, at ghe two lower concentrations tested, increase the
frequency of lethals 2-fold over the spontaneous level but this is not
- étatistically significant. ' In order io show a significant doubling with
a criticai region of 0.05 6ne would need to test 12,000-15,000
chromosomes. From these iesult; we can conclude that the basic
fractions f7, 9), which are mutagenic in the "Ames” assay,'inducelat

the most only a 2-~fold incfease in the frequency of X~linkéd recessive

lethals in Drosophila'melanogaster. Further purification of these

fractions results in a subfraction which shows a slight mutagenic
activity in prosophila; it induces an increase of 3-4x over the
spontaneoﬁs level. Thus, we confirm the mutagenic activity.of
fractiénated products of synthetic fuels in a eucaryotié Qrgahism~but
such activity is very low compéred to thét obtained in the microbial
assay.

One of the advantages of Drosophila as a mutagenesis test organism
is the presence of metabolic activation system. By subsﬁituting-
isolated Drosophila mic;osomés for rat liver microsomes in tﬁe
Salmoneila/histidine reversion assay one can correlate mutageniq«

activity of a chemical compound in vivo with the ébility of isolated
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Table 3

‘

Induction Of X~-linked Recessive Lethals In Mature Sperm -

And Spermatids Of Drosophila melanogaster by

Subfractions Of Synthetic Fuel

Fraction Conc. Chromosomes Lethals % Lethals:
fed (pg/ml) tested :
Control - 1753 4 0.23
6 15.02 1214 2 0.16 . .
7 994 1097 "0 0.0
397 1069 3 0.28-
19¢ 1036 1 0.10
9 1059 1346 0 0.0
423 702 3 0.42
212 861 4 0.46
14 870 1012 2 " 0.20
435 1185 6 0.51
. 218 1065 5 0.47
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microsomeé to activate such chemicéls. Results of expefiments‘in
which wé tesﬁed the ability of Drosophila microsomes to activaté
fractions 7, 9, and E aré shown in Figure 1 and Table 4. Instead qf
Aroclor—inauced rat liver fractions, 400 microliters of ﬁrpsopﬁila
10,000 é supernatant was used; all other procedureS'weré as descfibed
by Epler ef al. (6, 7).

In liéht of the in vivo activity, these results are rather sur-
prising. Figure 1 shows the number of revertants/plate plotted versus
concentration. For all three fractions we obtained a lineér
dosé—response.curve over the concentrations tested. The slope of each
induction curve was determined and these results along witﬁ those
obtaiﬁeé using Aroclor-induced rat liver are shown in Table 4. "It is
of interes£ that brosophila microsomes are just as effective as .
Aroclor—induéed rat liver microsomes in the'acti?atioﬁ of all fhreg
fractions and is even more effectivé with fractions 9 and E. We have
tested several pure compounds in the Salmonella/Drosophila microsoﬁe
assay. bf‘these, 2-acetylaminofluorene and aftatoxin Bl showed the
highest mutagenic activity, 144,000 and 180,000 reverténts/mg'
respectively; thus Fraction.E gives”almost a lOFfo}d increase in
" mutagenic activity over any compoﬁnd we have thus'far testéd. _ In these’
instances, results with uninduced Drosophila microsomes compare very

well with those of induced rat liver. Comparisons based on the number
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Table 4
Comparison Of Mutagenic Activity Of Synthetic Oils

Activated By Drosophila And Aroclor-Induced Rat Liver Microsomes

Specific activity (rev/mg)
Fraction : Rat liver Drosophila
T ' : ' 45,000 : 30,000
9B o 28,900 ' v 85,000
E . . 222,000 ' 1,300,000

*See footnotes to Table 2.
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of histidine revertants per milligram of S-9 protein are even more
striking in favor of Drosophila as typical Drosophila microsomes .
preparations contain about. one-fourth the protein of induced rat

liver microsomes.

The discrepancy between the in vivo and in vitro mutagenic
activity of fractionated complex mixtures is interesting but at this
4point we have no explanation. 6ne must keep in mind ﬁhat the metabolism'
of foreign compounds involve'enZYmatic pathways which result iﬁ
toxificationlas well as detoxification. The balance between.the two
will often.detérmine whether an‘éctive metabolite genérated will
remainlin the qell and exert genetic damage or be.detoxifiea before aan

damage can be done.
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FIGURE LEGENDS

Fig. 1. Ef‘fect of increasing concentration of synthetic fuel fractions
on p_ii+' reversion in Sélmonélié strain TA98. All feagents were as
describedv by Epler et al. (6, 7) except that 400 microliters of
brosophi_l_i “S—9' w.as substituted for rat liver $-9.: |

® 7,5 8, 9, i 0, E
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