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Abstract

Genotoxic activation of hydrazine (HZ), two symmetrical dialkylhydrazines, namely, 1,2dimethylhydrazine and 1,2-di-
ethylhydrazine (SDMH and SDEH), thiourea (TU) and ethylene thiourea (ETU) has been evaluated by means of the w / w +
somatic assay of Drosophila. Both low bioactivation insecticide-susceptible (I1S) and high biotransformation insecticide-re-
sistant (IR) strains were used. The combined application of insecticide-susceptible and insecticide-resistant strains should, in
principle, detect somatic cell recombinagens in the Drosophila melanogaster in vivo w/w + assay. The IS strain was more
susceptible to toxicity induced by the test chemicals than the IR stocks. Its performance in the biotransformation of the
chemicals tested was rather poor. TU was inactive in al strains. With the active compounds, spot frequencies increased
approximately linearly with dose for each spot type. SDEH gave a strong positive result in all three female genotypes
exposed. HZ, ETU and SDMH were overall weakly positive in the IR strain Haag-79 (HG-R). Interestingly, ETU was
clearly positive in the IR Hikone-R (HK-R) strain. A comparison of the recombinagenic potencies between the active and the
weakly positive compounds, and among strains, showed pronounced genotype-dependent differences between the low and
the high bioactivation strains. The ability of Drosophilato express severa procarcinogensin relation to insecticide-resistance
after activation catalyzed by CY P450 enzymes is discussed. © 1997 Elsevier Science B.V.

Keywords: Drosophila melanogaster; Somatic in vivo w /w + assay; | nsecticide-susceptible strain; Insecticide-resistant strain; Biotransfor-
mation; CY P450 enzyme

1. Introduction naturally determined metabolic capacities has been
shown to improve the assay [2,3]. Biotransformation
of different classes of progenctoxins, is thought to
involve oxidative metabolism by cytochrome P450
enzymes, a phenomenon also shown to be genotype-
dependent in this species [3].

Hydrazine and its derivatives are frequently found
T +52 (5) 622-4906; Fax: +52 (5) 622-4828; E-mail: in our environment. They are used as raw materials
rra@hp.fciencias.unam.mx and/or intermediates in many industrial syntheses,

The eye mosaic white / white + (w/w + ) assay
of Drosophila is an in vivo short-term test measur-
ing genetic damage in somatic cells of Drosophila
after treatment of larvae [1]. The use of strains with
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pesticides and medicines [4]. They occur aso in
nature, for example, in some fungal metabolites,
such as gyromitrins isolated from Gyromitra escu-
lenta [5] or agaritine from Agaricus bisporus [6].
After the first finding of colon carcinogenesis pro-
duced by 1,2-dimethylhydrazine [7,35], many hy-
drazines were tested for their carcinogenic activity
[8,9].

Hydrazine (HZ) and 1,2-dimethylhydrazine
(SDMH) need to be metabolized in vivo to become
potent carcinogens. SDMH is a potent carcinogen
used to induce selectively angiosarcomas and colon
tumors in experimental animals [10-12]. Cy-
tochromes P450 11B1 and I1A1 seem to activate this
colon-specific model mutagen in human colon mi-
crosomes [13]. Oxidation of several substituted hy-
drazines by neutrophils from rat peritoneal exudates,
led to the formation of alkyl radicals [14]. Methylhy-
drazines are bacteria mutagens, the lesions induced
are the target of DNA repair MTases, which proba
bly include mutagenic and carcinogenic lesions such
as O%MeG and/or O*MeT [15,16]. The carcinogen
1,2-diethylhydrazine (SDEH) has been reported to
induce tumors in the olfactory bulb, brain and nasal
cavity of rats [8,17], as well as other tumors and
mammalian malignancies [18].

Thiourea (TU) is employed as a photographic
fixing agent to remove stains from negatives, in the

manufacture of resins, and among other uses, as
vulcanization accelerator. TU is an hydroxyl scav-
enger [19], which has been shown to reduce the
toxicity at various concentrations of hydrogen perox-
ide. It also produces a remarkable inhibition of the
lethal response exerted by H,O, at higher doses in
Escherichia coli [20]. NADPH and oxygen-depen-
dent flavin-containing monooxydases, catalyze the
oxidation of TU to formamidine sulfenic acid [21].
Contradictory results were obtained on the muta
genicity of this compound in somatic assays of
Drosophila melanogaster, it was genotoxic in the
unstable zeste-white [22], while weakly-positive in
the w/w + test [1].

Ethylene thiourea (ETU) is used extensively in
the rubber industry as an accelerator in the vulcan-
ization of elastomers. It is also a trace contaminant
and metabolic degradation product of a widely used
class of ethylene bisdithiocarbamate nonsystemic
fungicides which are used worldwide for crop pro-
tection [23]. ETU causes thyroid tumors in rodent
and liver tumors in mice [24,25]. It inhibits thyroid
peroxidase leading to decreased circulating levels of
thyroid hormone and compensatory increased secre-
tion by the pituitary of thyroid stimulating hormone
(TSH). In Drosophila it has been shown to be
inactive in the w/w+ assay [1]. Several indepen-
dent and regulatory authorities have evaluated the

Compound Molecular Structural
abreviation formula formula
Hydrazine, HZ H4N, H,N-NH,

1,2-dimethyl hydrazine
SDMH CyH 3N, CH;-NH-NH-CH;
1,2-diethyl hydrazine
SDEH C4Hi2 N, CH;-CH,-NH-NH-CH,-CH;
NH,
Thiourea, TU CH4N,S s—c¢C
NH,
H
. - N \\//s
Ethylene thiourea ETU C3HgN,S [ |
L NH

Fig. 1. Abbreviation, molecular and structural formula of the compounds tested.
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ETU genetic toxicology database. The NTP did find
some positive genotoxicity evidence for ETU [24].
IARC declared the evidence limited for mutagenicity
[26]. And MAFF concluded that ETU showed no
genotoxicity in vivo [27]. Recently, Dearfield [28]
reviewed the extensive database of genetic toxicol-
ogy tests conducted on ETU, and concluded that it is
not a potent genotoxic agent. It was also suggested
that additional in vivo studies should be performed
before a conclusion on the activity of ETU is reached.

The aim of this study has been the characteriza-
tion of hydrazine, two symmetrica dialkylhy-
drazines, as well as, thiourea and ethylene thiourea
(Fig. 1 shows their structural and molecular formu-
las) with regard to their ability to induce interchro-
mosomal recombination in somatic cells. The white
/white+ (w/w+) in vivo mosaic assay [29,30]
was used, employing an insecticide-susceptible (1S)
and two insecticide-resistant (IR) strains.

2. Materials and methods
2.1. Drosophila strains

Three Drosophila stocks were used: one wild-type
low bioactivation insecticide-susceptible (1S) Leiden
Standard (ST) strain, and two high biotransformation
insecticide-resistant (IR) strains, namely Hikone-R
(HK-R) and Haag 79-R (HG-R). Crosses were done
between white females and yellow (LS, HG-R) or
wild-type (HK-R) males. Stocks were maintained at
25°C and 60% humidity.

2.2. Chemicals

Hydrazine (HZ, CAS No. 10217-52-4), 1,2-di-
methylhydrazine (SDMH, CAS No. 306-37-6), 1,2-
diethylhydrazine (SDEH, CAS No. 7699-31-2),
thiourea (TU, CAS No. 62-56-6), and ethylene
thiourea (ETU, CAS No. 96-45-7) were obtained
from Aldrich (Milwaukee, WI, USA).

2.3. Thew/w + somatic assay

Chemicals were administrated by chronic expo-
sure. Fifteen pair of flies were permitted to lay eggs
for three days on standard food supplemented with
the test substance dissolved in a mixture of 3 parts

ethanol 1 part Tween 80. Growing cultures were
exposed to each compound during al three instar
stages of larval development. Two separate experi-
ments were conducted with each single chemical at
the same exposure dose. For each experiment a
concurrent control was run, where larvae were treated
with the solvent alone. Newly hatched females were
transferred to fresh medium and scored 1 to 5 days
later. The scoring of etherized flies was carried out
in aliquid containing 90 parts ethanol, 1 part Tween
80 and 9 parts water. The eyes of adult females were
inspected for mosaic light spots under a dissecting
microscope at a magnification of 120 X , with optical
fiber illumination.

2.4. Data analysis and statistics

Adult females are heterozygous for white and
were inspected for the occurrence of white in their
compound eyes. Classification of mosaic spots was
done on the basis of small spots (2—-4 ommatidia),
large spots (> 4 ommatidia affected) and total spots.
Spots separated by at least four nonmutated omma-
tidia were considered as independent events [1]. For
an indirect estimation of the genotoxic effectiveness
of the chemicals, the frequency of clones per 10*
cells was calculated. The chi square for proportions,
was used for statistical evaluation of the data [31].
Test responses were classified into four categories:
[1] positive, + a recombinagenic response and a
dose-response relation was found, [2] weakly posi-
tive, w + the clone frequency was enhanced com-
pared with concomitant controls, [3] inconclusive, i
no acceptance at the same time of two mutualy
exclusive hypotheses, and [4] negative —, no effects
under the conditions of the test.

When a dose-response relationship was obtained
a comparison of the genotoxic activities of agents
was calculated separately for each dose point, and a
mean value listed apart after the highest dose. In
cases of levelling-off effect, the high dosage groups
were not included in this evaluation [1]. Thus recom-
binagenic potency is expressed as the number of
spots induced per millimole chemical.

3. Results and discussion

The white /white+ (w/w+) mosac assay
[29,30] used in this study, monitors mosaic light
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Table 1
Frequencies of mosaic clones in different female genotypes from unexposed and treated larvae with several hydrazines and thioureas in the
w/w + assay of Drosophila melanogaster

Compound  No. No. of spots Spots (%) Average Clones Activity® Spots
(dose of Totad  Size (ommatidia) Size classes® CI ones per induced
mM)/ eyes size 10000 per
genotype  scored 1-2 34 58 9-64 >64 T S L cells? mm¢
tested

Hydrazine, HZ

ST

C 612 58 35 10 7 6 9.47 735 212 527 12.49

0.5 442 a7 32 14 1 1064 1041 023 245 6.51 -

1.0 518 58 36 11 5 5 1 11.19 9.07 212 522 14.61 -

5.0¢ - — — -

HK

C 500 53 45 6 2 1060 1020 040 230 6.09

0.5 500 55 45 7 3 11.00 1040 0.60 244 6.70 —

1.0 500 52 44 6 1 1 1040 10.00 040 240 6.24 -

5.0 500 55 42 9 4 11.00 1020 0.80 324 8.90 —

HG

C 578 57 33 16 6 1 1 986 848 138 424 10.44

0.5 470 50 30 10 5 5 10.78 851 213 458 12.18 -

1.0 468 66 36 20 9 1 1424 1239 171 3.08 1086 w+

50 500 76 49 17 5 4 1 1520 1320 200 4.38 16.64 + 243
1,2-Dimethylhydrazine, SDMH

ST

C 594 56 39 11 5 1 9.43 842 101 321 5.93

0.5 576 58 39 8 6 5 10.07 816 191 398 10.02 -

1.0 450 62 37 11 5 9 13.77 1066 311 7.69 26.49 + 2.81
5.0 408f 38 25 5 5 3 9.31 735 196 450 10.48 -

HK

C 696 70 31 15 16 8 1006 6.61 345 520 13.07

0.5 532 58 27 10 12 9 10.90 6.95 395 6.95 18.94 -

1.0 508 63 31 18 9 5 1240 964 275 5.09 15.78 -

5.0 652 85 54 12 10 7 2 13.03 10.12 291 577 18.90 -

HG

C 500 115 92 13 7 3 23.00 2100 200 280 16.10

0.5 500 146 119 19 5 3 2920 2760 160 261 19.04 i

1.0 500 121 106 11 3 1 2420 2320 100 228 13.78 -

50 500 193 167 15 7 4 3860 3640 220 251 24.22 +
1,2-Diethylhydrazine, SDEH

ST

C 560 49 33 11 5 8.75 786 089 263 5.75

0.5 524 7 51 14 8 4 1469 1240 229 3.05 11.21 +

1.0 506 169 106 40 14 9 3340 2885 455 376 31.40 +

5.0 500 362 199 92 48 23 7240 5820 1420 4.18 75.66 + 19.26
HK

C 500 40 33 7 764 760 004 255 5.10

0.5 500 304 213 46 31 14 60.80 5180 9.00 342 51.98 +

1.0 500 380 226 79 51 23 1 76.00 61.00 1500 4.28 81.32 +

5.0 500 1181 564 297 258 53 9 236.20 168.20 68.00 4.02 23738 + 73.46
HG

C 560 96 40 31 17 8 17.14 1268 4.46 522 22.37

0.5 260 205 101 57 37 8 2 7885 60.77 10.08 4.53 89.29 +

1.0 160 220 100 68 36 15 1 143.75 105.00 38.75 4.83 166.00 +

5.0 64 212 49 40 60 62 1 33125 139.06 192.19 9.17 759.39  + 104.28
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Table 1 (continued)
Compound  No. No. of spots Spots (%) Average Clones Activity® Spots
(dose of Total  Size (ommatidia) Size classes® C' Oones per induced
mM)/ eyes size 10000 per
genotype  scored 1-2 34 58 9-64 >64 T S L cells mm¢
tested
Thiourea, TU
ST
C 500 39 24 10 4 1 780 680 100 292 5.69
0.25 500 438 36 7 3 2 9.60 860 1.00 279 6.70 -
0.50 500 50 39 3 2 6 1000 840 160 3.72 9.30 —
1.0 500 438 34 8 4 2 9.60 840 120 283 6.79 -
HK
C 500 37 27 6 3 1 7.40 6.60 0.80 297 5.49
0.25 500 49 30 10 5 4 980 800 180 368 9.46 —
0.50 500 59 45 11 2 1 11.80 11.20 0.60 3.64 10.74 -
1.0 200 25 15 7 2 1 1150 11.00 050 3.32 10.37 —
HG
C 484 72 43 19 9 1 1487 1281 206 3.01 11.31
0.25 424 59 38 11 8 2 1391 1155 236 349 12.14 —
0.50 364" 71 38 26 5 2 1950 1758 192 3.03 14.77 —
1.0 162 30 19 6 5 1852 1543 3.09 283 13.10 -
Ethylenethiourea, ETU
ST
C 500 46 27 10 6 3 9.20 6.80 240 3.98 9.15
0.25 490 46 31 9 3 3 9.39 816 122 3.63 8.52 -
0.50 466° 48 34 8 3 3 10.30 9.01 129 390 9.88 -
1.0 334" 35 21 12 2 10.48 9.28 120 263 6.89 -
HK
C 500 39 35 2 2 744 740 004 238 4.64
0.25 486 53 38 9 4 2 10.90 9.67 123 217 5.92 i
0.50 490 56 43 8 4 1 1143 1041 102 261 7.46 +
10 120 21 18 3 1750 15.00 250 252 11.07 + 10.63
HG
C 636 122 76 26 15 5 1918 1772 314 340 16.30
0.25 700 144 95 24 16 9 2057 1700 357 347 17.84 -
0.50 704 149 93 33 14 9 2116 1789 327 330 17.46 -
1.0 148f 42 19 17 5 1 2838 2432 405 319 22.63 + 6.24

#Size classes: T, total spots; S, small spots 1-4 ommatidia affected; L, large > 4 ommatidia.

® Calculated accordi ng to the formula f=2 nm/NC.

CActivity: + positive, — inactive, i inconclusive, w + weakly positive.

d Expressed as spots induced per millimole per 100 eyes.
€ Dose that induced sterility.
" Reduced survival in relation to control series.

spots in the eyes of adult females, resulting from the
loss of heterozigosity and the expression of white in
female genotypes heterozygous for this marker. The
various recombinagenic events which may lead to
loss of heterozygosity, and thus to expression of
white are: mitotic crossing over, the reciprocal ex-
change of genetic information between homologous

chromosomes at the four-strand stage; unequal
sister-strand recombination between the chromatids
carrying the wild-type alele; and gene conversion,
the nonreciproca transfer of information from one
DNA duplex to another [32].

Each of the five compounds tested was assayed in
at least two independent experiments using three
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different concentrations. No differences between rep- tion are presented in Table 1. Large variation in
etitions were noticed, and the data were pooled. The spontaneous occurrence of mosaic light spots in the
results obtained with the compounds tested in the three stocks under test was observed. As in previous

three genotypes employed, and the statistical evalua- studies [2,3] drastic variation in spot frequencies in

(a)
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2]
£
H
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3
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Fig. 2. Induced frequency of total spots (a) and induced clones per 10000 cells (b) of the five compounds tested in different female
genotypes.
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non-exposed larvae was noticed, thus it is necessary
to run concurrent controls. In the susceptible-in-
secticide strain ST spontaneous clone frequencies
varied from 7.80 to 9.5, while in the resistant-in-
secticide HK-R variations between 7.40 to 10.60
were obtained. More pronounced differences were
observed in the high bioactivation IR strain HG-R.
Spontaneous white mosaic spots varied from 9.9 to
23.0. The majority are small spots, large spots are

Distribution spots (%)

? HG
, HK
~on & ST

about five times less frequent in ST, near six times
less frequent in HG, and about seven times in HK-R.

The principal ability of the w/w+ system is to
detect genotoxic agents depending on metabolic con-
version to DNA-reactive species. The compounds
tested in the present study are of this type. The inert
agents were applied by chronic exposure in order to
assure metabolic activation. Hydrazines and dialkyl-
hydrazines were tested at the same concentrations

Strain

5-8 9-16 232 >32
Clone size (ommatidia)
(b)
7
2 ¢ ’
S5t
s A
< 41 -
s —-—-HK
= 31 R
2 - B [ P
5 2 ’”. .. 't P ’
o > o s -
1+ 7~ "---.. R
Dl - i P -
0 .
0.5 1 5

Exposure dose

Fig. 3. Relative distribution in size classes of induced mosaic light spots (a), and genotoxic effectiveness (b) in female genotypes exposed to

three different doses of hydrazine.
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ranging between 0.5 and 5 mM, while the more toxic
thiourea and ethylenethiourea, were tested at concen-
trations between 0.25 and 1 mM. For a comparison
between strains, the induced frequency of total spots
for the 1 mM exposure dose is shown in Fig. 2a. The
corresponding clones induced per 10000 cells are
plotted in Fig. 2b. A strong positive response was
obtained with 1,2-diethylhydrazine (SDEH) in the
three female genotypes exposed. Marginal positive

results (only at the highest concentration tested) were
obtained with 1,2-dimethylhydrazine (SDMH) in both
ST and HG-R. Hydrazine (HZ) was inactive in ST
and in HK-R, while in HG-R the frequencies of total
spots per 100 eyes were significantly increased over
the control from 1.0 mM and higher. Thiourea (TU)
proved to be non-genotoxic, the chemical was proba-
bly biotransformed and detoxified. It also induced a
drop in spot frequencies at the highest concentration

Distribution spots (%)

Clone size (ommatidia)

(b)

N
a

Strain

Clones x 10,000 cells
=] o S

(é)]

Exposure dose

5.0

Fig. 4. Relative distribution in size classes of induced mosaic light spots (a), and genotoxic effectiveness (b) in female genotypes exposed to

three different doses of 1,2-dimethylhydrazine.
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tested, an effect probably due to its pronounced
toxicity. Interestingly, ethylene thiourea (ETU) re-
duced viability at higher doses, was inactive in strain
ST, was clearly genotoxic in HK-R, and active only
at toxicity levelsin the IR strain HG-R.

In Figs. 3—7a the spot size distribution for spots
are given for the 1 mM treatment with each of the 5
compounds in the three stocks employed. The geno-

237

toxic effectiveness of the compounds in relation to
exposure dose is adso shown (Figs. 3-7b). In the
treated series the predominance of small spots was
maintained, large spots were only more abundant at
the high effective exposure dose for SDEH in HG-R.

As expected, the IS strain was much more suscep-
tible to induced sterility at high exposure doses than
the IR srains. All the compounds were tested at

Distribution spots (%)

5-8

9-16

Clone size (ommatidia)

(b)

800

Strain

700 +
600 1
500 +
400 1
300 +

Clones x 10,000 cells

100+ ..--- ;__;_—_-_

200 + -

1.0

Exposure dose

Fig. 5. Relative distribution in size classes of induced mosaic light spots (a), and genotoxic effectiveness (b) in female genotypes exposed to

three different doses of 1,2-diethylhydrazine.
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several exposure levels, doses producing cytotoxicity
can be identified by the low number of individuals
obtained for eye ingpection. With the exception of
TU spot frequency increased approximately linearly
with dose for each spot type. Low exposure doses
sometimes produced weak effects, were inconclusive
or clearly negative. No particular attempts were made
to determine the highest dose tested (HDT) for those
chemicals inactive in the assay [1].

HZ and SDMH were positive according to statisti-
cal criteria at the higher exposure dose in HG-R.
Methylhydrazines can be oxidized to active DNA-
methylating derivatives which generate methylphos-
photriesters in DNA [15]. DNA alkylating agents
represent one of the largest classes of environmental
chemical carcinogens. The treatment of cells with
simple akylating agents can produce severa DNA
lesions [33] among wich O°®-alkylguanine and O*-al-

Distribution spots (%)

58 946

Clone size (ommatidia)

(b)

-32

'HG

Strain

>32

Clones x 10,000 cells

0.25 05

Exposure dose

Fig. 6. Relative distribution in size classes of induced mosaic light spots (a), and genotoxic effectiveness (b) in female genotypes exposed to

three different doses of thiourea.
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kylthymine are considered to be the most mutagenic
since they tend to mis pair with deoxythymine and
deoxyguanine respectively during DNA replication
and cause transition mutations [16]. A strong muta-
genicity of the ethyl derivative was obtained in all
three female genotypes tested. Thus, with both sym-
metrical hydrazines the genotoxic mechanism proba-
bly is through DNA alkylations. The diethyl substi-
tuted hydrazine is shown in the present study to be

much more reactive than the disubstituted methylhy-
drazine (Fig. 1).

ETU is known to produce thyroid follicular cell
neoplasms in rats and liver neoplasms in mice, also
produces adenomas of the pars distalis of the pitu-
itary gland following long-term administration [24].
Mutagenicity associated with toxic levels was ob-
served for ETU in the present study. In the IR strain
HG-R it produced an elevated frequency of spots at

Distribution spots (%)

HG
Strain
S8 9-16
Clone size (ommatidia)

7
@ 6 1 /:.,'
35| PR —
= . e T
g 4} s ST |
= - —-—-HK|
- 7 -
o 3 _a' A B R HG
@ -
: -
g2 - .
@) S P

 f .-

0 +

0.25 0.5 1

Exposure dose

Fig. 7. Relative distribution in size classes of induced mosaic light spots (a), and genotoxic effectiveness (b) in female genotypes exposed to

three different doses of ethylene thiourea.
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the highest dose, which is also the exposure that
induced sterility due to toxicity, thus the response
was overall negative. The performance of HK-R for
this chemica was different: clear positive results
were obtained at several doses. The agent showed to
be inactive in the susceptible-insecticide strain ST.

A comparison of the recombinagenic effective-
ness between the compounds active and weakly posi-
tive, and among strains employed in the assay, was
made in terms of the number of spots induced per
millimole chemical. Both types of activities showed
to be genotype-dependent (Fig. 8). For the weakly
mutagenic agents, the IS strain induced = 2 mosaic
clones per millimolar exposure dose, while both IR
strains produced between 6 to 10 mosaic clones X
mM dose. More pronounced differences were found
after mutant treatment with the active genotoxin,
whereas in the low bioactivation strain mosaic clones
wereincreased only 5 fold, with HK-R mosaic clones
were increased 12 fold, and with HG-R about 17
fold. In conclusion the performance of the IR HG-R
strain was clearly the best.

This range of genotype-determined variation in
response to genotoxins could, in principle, be related

120 +

100 +

Spots per mM

to pesticide-resistance. Several P450 cDNA frag-
ments have been cloned recently, revealing a variety
of P450 genes from two families, CYP4 and CYP9,
and seven subfamilies some of which are clustered in
the Drosophila melanogaster genome. Putative al-
lelic variants of several of the genes were found in
different insecticide-resistant (HK-R and HG-R) and
susceptible strains (Oregon R); sequences of the
CYP4 family from mammals are aways grouped
outside the insect CYP4 clade, CYP6 and CYP9
families have only been obtained from insects to date
[34]. Their role in the metabolic activation of
progenotoxins and in insecticide-resistance have to
be determined. Orthologous relationships between
P450 genes across insect species shows that the
CYP4D subfamily diverged early in Diptera and
have representatives in Drosophila melanogaster,
Musca domestica and Anopheles albimatus. The
CYPAC subfamily has aso representatives in cock-
roaches, mosqguitos and Drosophila. In contrast the
CYPAE subfamily has only been found in
Drosophila, the genes are scattered in the genome of
this species. Speculations on the functional roles of
different PA50 subfamilies in insects and vertebrates

Chemical

SDEH ETU

Fig. 8. Performance of the strains employed expressed as recombinagenic effectiveness.
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is interesting. It seems that the CYP4 family in
Diptera has the same role as that of the CY P2 family
in mammals that of a rapidly evolving group of
mostly detoxifying P450s [34].
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