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Abstract-A marked genetic variation in the capacity to perform xenobiotic metabolism was observed 
in microsomal fractions from the seven Drosophila strains studied. A 1,5 to 2-fold variation was found 
in the content of cytochrome P-450 and in the NADPH-cytochrome c reductase activity. The two 
insecticide-resistant strains Hikone R and Oregon R differed markedly when compared to sensitive 
strains by having a 3 to 17-fold higher p-nitroanisole (PNA) demethylase activity and biphenyl-3- 
hydroxylase activity. SDS-polyacrylamide gel electrophoresis of the microsomes also revealed an 
increased content of a protein band with an apparent mol. wt of 54,000 in the resistant strains. The 
4-hydroxylation of biphenyl was also 2-7-fold higher in the Oregon R strain, and the band with a mol. 
wt of 56,000 had a higher protein content compared to the other strains. The biphenyl-4-hydroxylation 
was several-fold lower in the strain Berlin K. 2-OH-biphenyl was formed only in trace amounts by all 
strains. 7-Ethoxycoumarin (EC) deethylase activity and benzo(a)pyrene (BP) monooxygenase activity 
was 2-6-fold lower in the Hikone R strain. An increased amount of the protein with a mol. wt of 58,000 
was noted in the Canton S strain. No concomitant increase in any enzyme activity was observed. A 
genetic variation between the strains was observed after phenobarbital (PB) treatment in the content 
of cytochrome P-450 and in the various enzyme activities, varying from non-responsiveness to a 4- to 
5-fold increase. Aroclor 1254 (PCB) was less efficient in enhancing the activities. It caused maximally 
a 3-fold increase, had often no effect and in some cases even decreased the metabolism. /3-naphthoflavone 
(BNF) caused only marginal increases in the activities in most strains. The only significant effects were 
an increased formation of 3-OH-biphenyl in Berlin K and an enhanced NADPH-cytochrome c reductase 
activity in Lausanne-S. In conclusion, the variations observed in this study provide a basis for further 
studies on the genetic regulation of the cytochrome P-450 system in Drosophila. Furthermore. similarities 
in the regulation when compared to mammals indicate that studies on this genetically well characterized 
organism might contribute to the general understanding of the genetics of xenobiotic metabolism. 

The activation of indirect carcinogens is primarily 
performed by the cytochrome P-450 enzymes [l--3]. 
The level of the different enzymes is determined by 
the individuals’ genetic constitution [4-6] as well as 
by exposure to enzyme-inducing substances in the 
environment. Genetic differences in the capacity of 
bioactivation might cause an enormous variation in 
sensitivity to toxic and carcinogenic effects of xeno- 
biotics between different species, strains and indi- 
viduals [4,7]. 

Drosophila melanogaster, the classical organism 
in genetic investigations, offers unique possibilities 
for studying genetic regulation of drug metabolism. 
The presence of an inducible cytochrome P-450 sys- 
tem has been established [8-121 as well as genetic 
variation in metabolism [lO--131, toxicity [14] and 
sensitivity to mutagenesis [15] by indirect carcino- 
gens. In the present study 7 Drosophila strains are 
compared by means of several enzymatic activities 
in subcellular fractions, response to pretreatment 
with typical enzyme inducers and SDS gel electro- 
phoresis pattern of the hemoproteins. Some of the 
data have been previously reported [ll, 161. The 
study covers 1 wild type strains of different geo- 
graphic origin, two strains resistant to insecticides 
like DDT and carbamates, and one aflatoxin BI 

(AFBJ-tolerant strain. The cytochrome P-450 sys- 
tem contributes to the metabolism of the xenobiotics 
mentioned. 

MATERIALS AND METHODS 

Chemicals 

Benzo[a]pyrene (BP) was obtained from Sigma 
Chemical Co (St. Louis, MO), Aroclor 1254 (PCB) 
from Monsanto Chemical Co. (St. Louis, MO) and 
j%naphthoflavone (BNF) from Aldrich Chemical Co. 
Inc. (Milwaukee, WI). Other chemicals, obtained 
from local commercial suppliers were of analytical 
grade. 

Drosophila strains and pretreatments 

The wild type strains Berlin K (Germany), Canton 
S (U.S.A.), Florida-9 (U.S.A.. aflatoxin B1-sensi- 
tive) and Karsn& 60 (Sweden) were used in this 
study. They were compared to Oregon R (U.S.A.), 
selected since 1952 for high tolerance to DDT (kindly 
provided by Dr. D. J. Merrel, Minnesota, U.S.A.), 
Hikone R (Japan), cross-resistant to several classes 
of insecticides (obtained from Dr. E. Vogel, Leiden, 
The Netherlands) and the aflatoxin BI-resistant 
strain Lausanne-S (kindly provided by Dr. J. Chin- 
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nici, Virginia, U.S.A.). The Karsnss 60, is an iso- 
genie strain, synthesized from the original Karsnas 
60 strain by brother-sister crosses (provided by Pro- 
fessor K. G. Liming, Stockholm). This strain carries 
the markers W(X) and SScur. 

Adult flies (2-5 days post eclosion) were 
treated either with PB (1 mg/ml), PCB (OS m &B 

re- 
ml) 

or BNF (5 mg/ml) dissolved in water or corn oil and 
mixed in the ordinary corn-agar medium for 18 hr 
as described previously [lo]. Prior to the treatment 
the flies were kept on empty vials for 4 hr. 

Preparation of microsomes 

The flies were homogenized in ice-cold 0.1 M 
sodium phosphate buffer pH 7,5 containing 1 mM 
EDTA (0.1-0.2 g flies/ml) in a glass-Teflon 
Potter-Elvehjem homogenizer. All subsequent 
preparation procedures were carried out at 2-4’. The 
homogenate was centrifuged at 15,000 x g for 
10 min. The supernatant was filtered through nylon 
cloth and layered over 0.3 M sucrose in the phos- 
phate buffer by the method of Arrhenius [17] and 
centrifuged at 115,000 x g for 60 min. The pellet was 
resuspended in buffer (about 10 mg microsomal pro- 
tein per ml, 1 mg corresponds to about 200 flies), 
kept on ice and used for enzymatic assays within 1 hr 
or rapidly frozen at -7o”, a procedure that caused 
a negligible decrease in enzyme activity during stor- 
age up to 2-3 months. 

Assays 

The reduced, CO-bound cytochrome P-450 dif- 
ference spectra was recorded according to Omura 
and Sato [IS] (OS-1 mg microsomal protein), 
NADPH-cytochrome c reductase was measured by 
the method described by Maze1 [19] (0.25-0.5 mg 
microsomal protein) and protein was determined 
according to Lowry ef al. [ZOJ. 

BP monooxygenase activity was measured by the 
fluorimetric method of Dehnen et al. [21]. Incubation 
conditions were as previously described [lo]. For the 
determination of p-nitroanisole the incubation mix- 
ture contained l-3 mg microsomal protein, 4 firno 
sodium isocitrate, 0.8 pm01 NADP’, 4 pm01 MgClr, 
40pmol Tris-HCl buffer (pH 7.8) and isocitrate 
dehydro enase with a reducing capacity of 1.24 pmol 
NADP* min in a final vol of 2 ml. After preincu- f 
bation for 2 min at 37”, the reaction was started by 
the addition of 20 ~1 1 M PNA in acetone, incubated 
for 10min and stopped with 0.5 ml ice-cold 10% 
(v/v) acetic acid. To decrease background absorption 
the sample was extracted with ethylacetate~exane 
1: 1 (v/v; 2.5 ml) and the organic phase was reex- 
tracted with 1 ml 1 M Na2COr before quantitation 
of the p-nitrophenol was performed by measuring 
the absorption at 400 nm (according to Dr. D. Hult- 
mark, personal communcation) . 

The 0-deethylation of 7-ethoxycoumarin was 
determined directly in the fluorescence cuvette at 
37” according to Ullrich and Weber [22] with 0.25- 
0.5 mg mi~rosomal protein, 2mg bovine serum 
albumin, 100 mmol Tris-HCl buffer (pH 7.6) and 50 
pmol 7-ethoxycoumarin in a total incubation vol of 
1 ml. The reaction was started by the addition of 
100 nmol NADPH. 

For the determination of biphenyl hydroxylation 

0.2-0.5 mg microsomal protein, 1.8 pmol NADPH, 
1.4 pm01 NADH, 4.5 pmol MgClr and 1 mg albumin 
were mixed in a total vol of 1.5 ml Tris-HCl buffer 
(0.05 M, pH 8.5) and were preincubated at 37” for 
2min. The reaction was started by the addition of 
0.3 mg biphenyl in 25 ~1 acetone. After incubation 
for 10 min the reaction was stopped by the addition 
of 0.5 ml 2 M HCl. The analysis was performed as 
a modification of the method of Rehnberg [23], 
consisting of extraction with hexane (2 ml), reex- 
traction with 0.5 M NaOH (2 ml), and benzoylation 
of the phenolic metabolites formed with 25 ~1 10% 
pentafluorobenzoylchloride in toluene, after the 
addition of 1 ml hexane and 3 ml 1 M NaH CO3 to 
the aqueous NaON-phase. The organic phase was 
shaken with a fresh 2 ml portion of 0.5 M NaOH for 
30 min and recentrifuged prior to the quantitation. 
The biphenyl metabolites were quantitated on an 
Varian Model 3700 gas chromatograph with 63Ni 
electron capture detector, 25 M quarts glass capillary 
(id. 0.32mm) coated with SE 54 (1% vinyl, 5% 
phenyl methyl silicone). 

For the fluorescence and absorbance measure- 
ments a Shimadzu RF-5102C and UV-500, respec- 
tively, were used. 

Glutathione S-transferase activity of the 
115,000 x g supernatant protein was determined by 
the method of Habig [24] with 1 mM l-chloro-2,4- 
dinitrobenzene (CDNB) as substrate. 

SDS-polyacrylamide gel eletrophoresis 

SDS-polyacrylamide gel electrophoresis was per- 
formed according to the method described by 
Laemmli [25]. A total amount of 25 pg microsomal 
protein was applied to each well, The stacking gel 
contained 4.5% and the separating gel 9% poly- 
acrylamide. After staining the gels for protein with 
Coomassie Brilliant Blue (CBB) densitometric trac- 
ing was performed at 550 nm. 

RESULTS 

The content of cytochrome P-450 and the BP- 
monooxygenase activity of microsomes isolated from 
the different strains are shown in Table 1. The level 
of cytochrome P-450 in control animals varied by a 
factor of two between the strains, with the highest 
values for Canton S and the insecticide-resistant 
strain Oregon R. Pretreatment of the flies with PB 
or PCB increased the cytochrome P-450 content in 
all strains except Canton S; the increases varied from 
1.2 to 2-fold when compared to the control. BNF 
pretreatment caused no or only marginal changes in 
cytochrome P-450 content. No strain differences 
were observed with respect to the location of the 
absorption maximum wavelength, being 450 nm in 
all strains. Furthermore, it was not changed as a 
response to the different pretreatments (data not 
shown). 

BP monooxygenase activity was nearly six-fold 
lower in the Hikone R strain than in the strain with 
the most efficient BP-hydroxylation, Karsniis 60. It 
was also significantly lower (3 to Q-fold) than in all 
other strains. The monooxygenase activity was 
increased in all strains after PB pretreatment, the 
increase ranging from 1.5 to 5-fold. PCB was less 
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effcient in enhancing BP monooxygenase activity, 
causing maximally a 2 .&fold increase in the Canton 
S and Hikone R strain, BNF did not, in contrast to 
the results on larvae [ll], significantly affect the 
activity in any strain. 

The capacity of the microsomes from the various 
strains to perform the 0-deethylation of 7-ethoxy- 
coumarin and 0-demethylation of p-nitroanisole are 
shown in Table 2. Hikone R had a much lower 7- 
etho~coum~~ deethylase activity when compared 
to the other strains. PB and PCB enhanced the 
deethylation 1.5 to 25fold in all strains, except for 
the low response to PCB pretreatment in strains 
Florida-9 and Lausanne-S. BNF slightly increased 
the activity in some strains, but there was a significant 
deviation from the control only in Hikone R. The 
p-nitroanisole-0-demethylase activity was 2.5 to 
4.5fold higher in untreated flies of the two 
insecticide-resistant strains Oregon R and Hikone 
R when compared to the other strains, In these 
resistant strains no response to the different pretrea- 
ments was observed, while in all other strains the 
PNA-demethylase activity was significantly 
increased by PB, with the most marked effect, a 3- 
fold increase, in Lausanne-S. PCB and BNF did not 
significnatly change the activity. 

Biphenyl was metabolized to 3- and &OH- 
biphenyl by a11 strains (Table 3). The capacity to 
hydroxylat~ biphenyl in the 3-position differed ten- 
fold between the strains and the formation was much 
higher in the two insecticide-resistant strains as com- 
pared to the other strains. A significant increase in 
the metabolism after the different pretreatments was 
observed only in strain Florida-g. The formation of 
4-OH-biphenyl was very low in Berlin K, whereas 
the insecticide-resistant Oregon R was the most 
efficient strain in performing this reaction. PB treat- 
ment increased the metabolism in all strains except 
Oregon Rand Hikone R, giving maximally a fourfold 
increase. The formation of 4-OH-biphenyl in Canton 
S and Berlin K was also enhanced after pretreatment 
of the Aies with PCB . In Lausanne S, PCB markedly 
decreased the formation of both 3- and 4-O% 
biphenyl. The o-hydroxylated metabolite 2-OH- 
biphenyl was formed in very low quantities in all 
strains both in control and in pretreated animals. In 
Florida-9 and Lausanne S it was not possible to 
detect any formation of this metabolite. 

Some strain differences were also indicated in the 
activity of cytochrome c reductase (Table 4). The 
control activity ranged from 25-37 nmoles cyto- 
chrome c reduc@/‘mg microsomal protein per min 
in the various strains. In this respect Karsnas 60, 
microsomes were the least and Oregon R the most 
potent. The activity of the phase II-enzyme GSH- 
S-transferase (Table 4) towards CDNB varies from 
77 to 111 nmoljmg protein. The increases in both 
activities were rather weak after the various pre- 
treatments. Significant increases (P 0.05) in GSH- 
S-transferase activity were observed only in Lau- 
sanne S and Karsngs 60 (PB), and in cytochrome c 
reductase activity in Lausanne S (PB, BNE) and 
Oregon R (PB. PCB). 

The results of SDS-polyacrylamide gel electro- 
phoresis of microsomes from the different strains are 
shown in Figs. 1 and 2. The region that contains 
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6, 

94,500 

66,200 

Fig. 1. SDS-polyacrylamide gel electrophoresis of microsomes from different Drosophila strains. The 
gel was stained with Coomassie Brilliant Blue. 

possible P-450 species, stains positive.for heme and 
contains inducible protein bands with apparent mol. 
wt of 51,000-58,000 as described earlier [ll]. Within 
this region several strain differences were observed. 
The protein band with a mol. wt of 54,000 was 
markedly more abundant in the two insecticide- 
resistant strains Oregon and Hikone. The Oregon 
R strain also had an increased protein content in the 
56,000 band, while the intensity of the 58,000 band 
was higher in Canton S. 

BP 33:1-B 

DISCUSSION 

The present study has revealed a marked genetic 
variation between the Drosophila strains studied in 
the capacity to perform xenobiotic metabolism. As 
expected, the genetic regulation of the cytochrome 
P-450 enzymes seems rather complicated. Some 
indications of the underlying genetic mechanisms are 
however discernible on the basis of the enzyme 
activities and contents of heme proteins. Marked 
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Table 4. NADPH-cytochrome c reductase activity and glutathione S-transferase activity in subcellular fractions from 
different Drosophila strains: influence of phenobarbital, PCB and /%naphthoflavone* 

Strain 

NADPH-cytochrome c reductase activity 
nmol cytochrome c reduced/ 

mg microsomal protein per min 
Control PBt PCB BNF 

Glutathione S-transferase activity 
nmol product/mg cytosolic protein 

per min 
Control PB PCB BNF 

Karsnls 60, 25 t 2 25 t 3 22 * 2 26 f 4 77 f 5 115 -t 18$ 92 2 18 77 + 5 
Canton S 30 * 5 38 f 5 36 -e 7 30 2 5 9026 114 f 11 94-+ 11 86 -+ 5 
Berlin K 30 f 5 30 2 4 35 ? 4 33 + 5 922 11 99 2 14 96 2 8 91 f 13 
Florida-9 29 2 1 35 f 3 33 t 2 37 2 6 111& 4 123 rt 3 117 2 15 91 2 16 
Lausanne-S§ 26 ” 3 37 2 3t 33 * 5 42 2 5$ 80 ? 5 101 2 9$ 80 2 4 83 2 4 
Hikone RI1 32 t 2 32 * 3 33 r 3 33 f 6 look12 108 f 9 94-c 16 105 * 19 
Oregon RI1 37 + 3 46 2 8$ 53 2 3$ 33 -r- 3 102 ” 4 110 2 9 99 * 9 10026 

* Each value represents mean f S.E. of at least three experiments. 
t Pretreatments were performed as described in Table 1. 
$ P < 0.05 when compared with control values. 
5 AFB,-resistant. 
11 Insecticide-resistant. 

differences were observed between the insecticide- 
resistant (Hikone R and Oregon R) and the 
insecticide-sensitive strains. The former strains had 
a several-fold higher capacity for PNA-demethyla- 
tion and 3-hydroxylation of biphenyl (cf. Table 2 
and 3). This is in accordance with the higher metab- 
olism of vinyl chloride [13], as well as with the more 
marked toxicity [14] and mutagenicity [15] of dime- 
thylnitrosamine in insecticide-resistant strains, indi- 
cating a correlation between the genetic regulation 
of insecticide metabolism and metabolism of the 
compounds mentioned. This correlation could be 
due to a structural gene mutation if structural sim- 
ilarities in the substrates permit metabolism by the 
same enzyme, or to a mutation in a regulating locus. 
The latter seems most probable, since the high 
metabolism was coupled to a non-responsiveness to 
enzyme induction (cf. Tables 2 and 3, [13, 141 and 
since the behavior corresponded to that of consti- 
tutive mutants. Regulator mutations in xenobiotic 
metabolism has been observed earlier by Nebert et 
al. [4,5] in mouse, concerning the AH locus and 
induction with polycyclic aromatic hydrocarbons 
(PAH). The occurrence in the SDS-polyacrylamide 
gel electrophoresis of an increased protein content 
in the band with an apparent mol. wt of 54,000 in 
Oregon R and Hikone R indicated that one enzyme 
or several with similar mol. wts could be associated 
with the resistant genotype. This was further sup- 
ported by the fact that a strain, carrying the second 
chromosome from Hikone R and the rest of the 
genome from Karsntis 60, had the same strong 
54,000-band and shared the metabolic characteristics 
observed with Hikone R. (unpublished results). The 
dominant gene responsible for the high vinyl chloride 
metabolism, dimethylnitrosamine toxicity and insec- 
ticide resistance was previously localized to the sec- 
ond of the four Drosophila chromosomes, at about 
64-66 CM [14,26]. A genetic localization is in pro- 
gress in order to analyze whether the enzymes 
responsible for PNA metabolism and biphenyl 3- 
hydroxylation are regulated by the same gene. 
Genetic variation in cytochrome P-450-mediated 
metabolism depending on a simple Mendelian, dom- 

Fig. 2. I 

I I 

I II 
II II 
II II AJ+Jl I II II 

I I I 
II II 
II II 
II II 
II II 

I II II 
I ,I 

II I 
II II 
II II 
II II 

& 

orsgon R 

II II 
II II 

I I 
I I 

IY II II Canton s 
I II 

I I 
1 I 

& 

I II 

A 

I I 
I I 
I I 
I I 
1 I 

Ina-S 

Florida 1-9 

1ensitometric tracing at 550nm of the 
Fig. 1. 

gel in 



Genetic variation in Drosophila 19 

inant trait has also been shown for many drugs, both 
in mouse and in man [27-301. 

In microsomes prepared from Drosophila larvae 
a nearly four-fold higher cytochrome P-450 content 
was observed in the Hikone R strain when compared 
to insecticide-sensitive strains [lo]. A high P-450 
content was also correlated to insecticide resistance 
in the house fly, Musca domestica [31,32]. In the 
present material on adult Drosophila no such cor- 
relation could be observed; the highest cytochrome 
P-450 content was observed in the DDT resistant 
Oregon R strain, but Hikone R did not differ from 
the sensitive strains. The metabolic differences were 
also more marked in larvae, where PNA demethyl- 
ation differed between Hikone R and Karsnas 60 by 
a factor of ten (I. Hallstrom, unpublished data) 
whereas it was only 2.5-fold higher in adult Hikone 
R (cf. Table 2). The observation that the metabolism 
pattern typical for each strain is more marked in 
larvae indicates that the selection pressure of the 
insecticides is acting preferentially on the larval 
stages. 

Microsomes from the Hikone R had a lower 
capacity of BP hydroxylation and 7-ethoxycoumarin 
deethylation when compared to the other strains (cf. 
Table 1 and 2). The low metabolism seemed to 
depend on recessive or semidominant mutations in 
both cases as judged by preliminary results on 
reciprocal crosses between Hikone R and Karsnls 
60. It remains to be clarified whether the two enzyme 
activities are under the same genetic regulations; no 
conclusions can be drawn on the basis of the present 
data. BP hydroxylation was 6-fold lower in adult 
Hikone R microsomes when compared to Karsnls 
60 (cf. Table 1). In contrast, the Hikone R micro- 
somes prepared from larvae were slightly more 
efficient than preparations from Karsnls 60 [lo]. 
Lower BP metabolism in Hikone R of both stages 
were, however, reported by Baars et al. and Ziljztra 
et al. [8,9,33]. 

The formation of 4-OH-biphenyl showed a less 
clear-cut correlation to insecticide-resistance than 
the 3-hydroxylation (cf. Table 3). The metabolism 
was highest in Oregon R but nearly as high in Karsnls 
60 as in the other insecticide-resistant strain Hikone 
R. One explanation is a second high-metabolism 
trait in Oregon R not associated with the insecticide 
resistance gene. This was supported by the finding 
of an increased amount of protein in the 56,000 band 
in Fig. 1. It is possible that the protein with apparent 
mol. wt of 56,000 is involved in the 4-hydroxylation 
of biphenyl, but this has to be demonstrated by 
further genetical analyses. 

The abundancy of the 58,000 band in Canton S 
(Fig. 1) so far can not be correlated to an increased 
capacity for specific enzymatic reactions. The exist- 
ence of such increases seems, however, plausible in 
view of the high cytochrome P-450 content in this 
strain. 

In the metabolism of aflatoxin Bi the cytochrome 
P-450 system gives rise to both activation and detox- 
ification products [l, 21. A metabolic resistance in 
analogy with the insecticide-resistance should there- 
fore be possible. An increased tolerance could be 
achieved either by increasing the capacity of the 
detoxification pathways leading to increased 

amounts of specific P-450 enzymes as was the case 
for the insecticide-resistant strains, or by a decreased 
amount of the activating enzyme(s). The AFBr- 
resistant strain Lausanne-S shows neither increased 
nor decreased activities or enzyme contents when 
compared to the AFBi-sensitive Florida-9 or the 
other strains, indicating no connection between the 
resistance and the metabolic characteristics studied 
in this paper. Very specific changes in amount of or 
affinity towards AFBl of one or a few enzymes not 
detected in this study might still contribute to the 
resistance. Such differences might be dramatic 
enough to change the balance of activation and 
detoxification without marked changes in the total 
cytochrome P-450 content or changes in the electro- 
phoretic pattern. It can thus not be excluded that 
the second and third chromosome mutations 
involved in the AFBr-resistance in Lausanne-S 
observed by Chinnici [34] are concerned with the 
cytochrome P-450 system. Studies on the metabolic 
profile from resistant and sensitive strains are necess- 
ary to elucidate this problem. 

The activities of GSH-S-transferase and cyto- 
chrome c reductase are continuously spread among 
the strains, showing no simple high-low metabolism 
traits within this material. Thus, the increased tol- 
erance of the various resistant strains does not 
depend on increased glutathione conjugation. The 
GSH-S-transferase activity in the different strains 
are in good agreement with the results of Baars [9]. 

Marked genetic variation between the strains stud- 
ied were observed in response to the different pre- 
treatments. The influence of PB on the different 
enzyme activities varied from the non-responsiveness 
in the insecticide-resistant strains with regard to PNA 
demethylation to increases up to 4- and 5-fold for 
some strains and pretreatments. Two strains, 
Florida-9 and Lausanne-S also, in contrast to the 
other strains, showed no effects following PCB pre- 
treatment on any of the enzyme activities studied, 
a decrease in biphenyl metabolism being even noted 
in Lausanne-S. The 3-hydroxylation of biphenyl was 
the only enzyme activity that was almost unaffected 
by all the pretreatments in all strains, indicating a 
constitutive form of cytochrome P-450 being respon- 
sible for this reaction. Taken together, these data 
give further evidence of a multiplicity of cytochrome 
P-450 isozymes in Drosophila melanogaster. 

The genetic variation between the strains in 
response to PB treatment mentioned above (see 
Tables l-4) are in accordance with the results of 
Page et al. [35]. They reported a 1.5 to 4-fold range 
in response to PB treatment in the metabolism of 
ethylmorphine and aniline in ten strains of rat. 

A 2-3-fold increase in aldrin epoxidation after 
PCB treatment was observed in insecticide-sensitive 
house flies, while the resistant strains R-Fc and R- 
Baygon were non-responsive [36]. As discussed 
above we found a similar non-responsiveness, as 
measured by several enzyme activities, in 
insecticide-resistant Drosophila. 

BNF was shown to be a poor inducer in contrast 
to the effects in mammals (Tables l-2). These results 
were in agreement with the results on house flies, 
where another PAH, 3_methylcholantrene, was 
inefficient in increasing microsomal mixed function 
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oxidases [37]. The low response to BNF pretreatment 
and the low formation of the 2-OH-metabolite of 
biphenyl were in agreement with the low formation 
of dihydrodiols from BP [lo] as well as the poor 
mutagenic effect of polycyclic aromatic hydrocar- 
bons and aromatic amines in Drosophila tests 
[38,39]. This supports the presence of low, non- 
inducible amounts of enzymes (e.g. PAH-metab- 
olizing enzymes) known to be inducible in mammals 
as previously discussed [lo, 111. 

Genetically determined increases or decreases in 
cytochrome P-450 enzymes as shown above can be 
part of a natural variation in response to changes in 
the environment and represent an important feature 
for the adaption to toxic exposure. Drosophila pro- 
vides excellent opportunities for genetic analyses of 
this variation. Furthermore, the short generation 
time of Drosophila makes this organism suitable for 
the creation of metabolism mutants, through selec- 
tion for high and low tolerance of different cyto- 
chrome P-450 substrates, which could make more 
refined analyses of the genetics of the P-450 system 
possible. 
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