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Summary

The experiments described in this paper show that synthetic pteridines, especially biopterin and pterin,
injected directly into Drosophila melanogaster induce recessive lethals. On the contrary, D-neopterin seems

to have little effect.

A mutagenic effect has previously been shown for an extract of Pieris brassicae in diapause, treated with

these pteridines and tetrahydrofolic acid (FH,).

It appears that chromosome II is more sensitive to these mutagenic treatments than chromosome X.

Previous experiments have shown that synthetic
pteridines (biopterin, pterin and neopterin) can
influence the control of the development and dif-
ferentiation of insects, especially in animals which
are sensitive to variations in environmental fac-
tors, such as photoperiod and temperature ( Pieris
brassicae).

By a still unknown mechanism, pteridines seem
to interfere with the control of gonadal develop-
ment. We have assumed that the imbalance in this
regulation caused by injection of pteridines into
diapausing chrysalids of Pieris brassicae, involves
a modification of the retention or the release of
polypeptic hormones of the pars intercerebralis.

Injection of an extract of diapausing chrysalids
of Pieris previously treated with pteridines and
tetrahydrofolic acid induces recessive lethal and
visible mutations (L’Hélias, 1966, 1970, 1972, 1973,
1975; L’Hélias and Proust, 1982).

Our experiments were devised to test whether
the same mutagenic action were observed with
pteridines injected directly into Drosophila
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melanogaster larvae. We tested 3 pteridines puri-
fied by Ebels and Salemink.

Materials and methods

Experimental protocol

(1) Indirect treatment. Treatment and extrac-
tion of Pieris brassicae were carried out according
to previously described methods (L’Hélias, 1972,
1973, 1975). The Drosophila larvae of third instar
of wild type (Oregon) received a fraction of an
extract of diapausing Pieris brassicae chrysalids,
which had been treated with pteridines and FH,.
These extracts were purified by sucrose density
gradient centrifugation; 0.1 ul of a solution X 10°,
resulting from one of the fractions, corresponding
to the genetically active sedimentation zone
18S-28S, was injected.

(2) Direct treatment. Pteridines were diluted in
Ringer. Third-instar larvae of Drosophila were
injected with this solution of pteridines: 1 pg in 0.1
pl per larva.
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(3) Control. A control without treatment was
used as reference for the two series, showing the
spontaneous mutation rate in the Oregon wild
strain.

Preridines

The following pteridines were used for experi-
ments: 6-L-erythrobiopterin (with about 18% of
7-L-erythrobiopterin) was a generous gift from Dr.
A.R. Mass (Smith, Kline and French Laboratories,
Philadelphia, PA, U.S.A.). Pterin base, and bD-
neopterin were obtained from Fluka AG, Che-
mische Fabrik CH 3470, Switzerland. Reduced
pterins were made according to a previously pub-
lished method (Balemans et al., 1980). Fig. 1 pre-
sents the chemical formulae of the 3 pterins and
their reduced forms. There is as yet no method
available for separating the different forms (re-
duced and not reduced) of pteridines contained in
the extract.

Genetic analysis: Detection of recessive lethals
Chromosome X. The Muller 5 technique was
used. Females and males treated with pteridines or
extract of chrysalids previously treated with the
same pteridines, were crossed individually with 3
spouses of Basc strain. Two generations of breed-
ing were necessary to detect sex-linked lethals.
Chromosome 1I. Two different methods were
used to detect lethals: The balanced dominant
lethal strains (Cy/Pm; H/Sb C), or a more devel-
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oped technique, the Sifter method (Muller, 1951).
Females or males developing from treated larvae
were crossed individually to 3 spouses of one of
these strains. Three generations were necessary to
detect lethals.

300 larvae were injected in each experiment.
The percentage of survivors varied between 1 and
2%, showing that these treatments are extremely
drastic.

Results

(1) Chromosome X

Table 1 shows that the frequency of induced
sex-linked lethals in larvae did not increase signifi-
cantly over the spontaneous frequency.

(2) Chromosome 11

Results are presented in Table 2. Allelism tests
were carried out to determine the exact number of
lethals of independent origin. Clusters of lethals
can be induced first because the treatments are
very drastic, and secondly, because the female and
male larvae of third instar do not have the same
germinal cells population (ovaries only at the
oogonial stage, testes at all spermatogenesis stages).
Clusters of lethals are more probable in progeny of
treated female larvae.

The results of complementation tests are as
follows:

Some intracrosses between lethals obtained from
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Fig. 1. Chemical formulae of the 3 pteridines (biopterin, pterin, neopterin) and their reduced forms.
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TABLE 1

SEX-LINKED LETHALS INDUCED IN Drosophila melanogaster AFTER DIRECT AND INDIRECT TREATMENTS WITH
PTERIDINES

Treatments Number of Number of Number of Number of Percentage of
(pooled treated survivors tested induced lethals with
results) larvae chromosomes lethals confidence interval
(a) Direct treatment

Biopterin 300 6 248 1 04 (0.0-22)
Pterin 300 4 198 1 0.5 (0.0-2.8)
Neopterin 300 8 191 0 0.0 (0.0-1.9)

(b) Indirect treatment

Biopterin 300 10 167 0 0.0 (0.0-2.1)
Pterin 300 5 128 1 0.8 (0.0-449)
Neopterin 300 7 153 0 0.0 (0.0-2.3)
Control without treatment 30 614 1 0.16 (0.0-0.9)

the same larvae were positive. Often, lethals ap-
peared in small clusters of 2-4, suggesting that
premeiotic events had occurred. 5 clusters were
observed (3 in direct treatments, 2 in indirect
treatments).

The mutations in cluster are included in Table
2, columns 5 and 6. The standard errors for muta-

tions of common origin were calculated according
to Muller’s formula, S$%p=q(r*-Ir)/n* where
r = cluster size and Ir = number of clusters of size
r. Columns 7 and 8 present the number of lethals
of independent origin and the percentage with the
confidence interval, calculated from normal stan-
dard error, S*=p(1 —p)/n, except when (see

TABLE 2

RECESSIVE LETHALS INDUCED ON CHROMOSOME II OF Drosophila melanog AFTER DIRECT AND INDIRECT

TREATMENTS WITH PTERIDINES

Treatments Number of Survivors Numberof  Total mutation Total Number of Lethals of

treated N % tested clusters included mutations * lethals of independent origin
larvae chromosomes (%) independent with confidence
origin interval (%)

(a) Direct treatment
7 singles

Biopterin 300 s 17 102 21 { 2 clustersof 3 20.6+56 13 12.7 (6.8-19.3)
4 clusters of 2

Pterin 300 2 06 31 2 2singles 6.5+44 2 6.5 (0.8-15.3)

Neopterin 300 4 13 0 0 0.0 0 0.0 (0.0-4.9)

(b) Indirect treatment
1 single

Biopterin 300 4 13 68 8 1 clusterof 4 11.81+6.9 3 4.1 (0.8-12.6)
1 cluster of 3

Pterin 300 2 06 45 2 singles 133+62 3 6.7 (13-18.3)
1 cluster of 4

Neopterin 300 4 1.3 80 1 1 single 13+1.2 1 1.3 (0.0-4.5)

Control without

treatment 20 n 1 0.3 (0.0-1.5)

* A standard error according to Muller (1952).
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Fig. 2. Percentage mutagenicity of biopterin, pterin and
neopterin using direct and indirect treatments.

Lamotte, 1962) the percentage is near O or 1.

The intercrosses between lethals obtained in
different larvae were negative.

None of the experiments produced a sufficient
number of survivors to allow any differences be-
tween female and male larvae to be established.

The main results are summarized in Fig. 2.

It appears that in each series (direct and indi-
rect treatments) biopterin and pterin were both
effective. On the contrary, neopterin seems to have
had no effect at all.

In previous works, we observed a mutagenic
effect of biopterin on the third chromosome, but
only with the indirect treatment: 4.1% + 1.8 of
recessive lethals, control 0.4% + 0.5 (see L’Hélias
et al.,, 1982). Unfortunately, the direct injection of
biopterin into larvae was not carried out.

Discussion

The facts observed may be summed up as fol-
lows:

(1) Direct and indirect treatments with bio-
pterin and pterin induce recessive lethals in
Drosophila melanogaster. Neopterin seems to have
little or no effect at all.

(2) The increase in mutation frequency is sig-
nificant for chromosome II but not for chro-
mosome X, suggesting a distinct response depend-
ing on the chromosome.

(1) The examination of the chemical structure

of these 3 pteridines shows that they differ with
regard to the presence or absence of a lateral sugar
chain (biopterin and neopterin on the one hand
and pterin on the other hand) (see Fig. 1). In
biopterin, the primary alcohol group is replaced by
a methyl group. Their important participation in
the transfer of the methyl radical to uracil is
known for the synthesis of desoxyribonucleoside,
thymine catalysed by formyl hydrofolic acid
(fFH,) which has a specific role in DNA synthe-
sis. The pteridines are unstable in light, particu-
larly in the reduced form, where they become
electron or hydrogen carriers in the enzymatic
reactions controlling hormone or neurochormone
synthesis.

In vertebrates, Ebels et al. (1979) and Ebels
(1979) have shown the existence in vivo of bio-
pterin in the active antigonadotropic fraction of
the pineal gland. This fraction acts on gonadal
regulation via the hypothalamus-hypophysis,
through a still unknown mechanism.

In diapausing Pieris brassicae larvae, L'Hélias
et al. (1982) have discovered a storage of neuro-
secretion in the pars intercerebralis after biopterin
treatment suggesting a hormonal regulation system
in insect brain. In both cases, pteridines seem to
interfere with the regulation of reproduction,
probably at the DNA level.

Sapunov (1981) has shown an effect of juvenile
hormone analogs on mutation frequency in
Drosophila melanogaster. These substances are able
to induce recessive lethals. The author suggests
that the endocrine system is perhaps the natural
regulator system of mutagenesis in the higher
organisms.

The very small concentration of pteridines used
in our experiments (1 pg/0.1 ul) is very close to
the biological concentration. At such low con-
centration, pteridines may act rather on hormonal
regulation than at the DNA level.

One hypothesis is that the experimental per-
turbation of hormonal regulation created by treat-
ment with pteridines in injected Drosophila larvae
may modify the cytoplasmic state. These modifica-
tions of the hormonal regulatory system may lead
to the mobility of particular DNA sequences
(Campbell, 1980), and consequently induce reces-
sive lethal mutations. Many mobile sequences are
present in about one-sixth of the Drosophila ge-



nome. The transposition of such sequences is nor-
mally repressed in a strain but may be greatly
enhanced by modification of the cytoplasmic state.
The role of pteridines may be to promote the start
of complex processes resulting in the mobility of
these DNA sequences.

The second hypothesis is that pteridines, like
many mutagens, induce modifications in DNA
during gametogenesis which could disturb the
reading of the genetic message and lead to lethals.
These modifications could be produced in regulat-
ing genes as in structural genes. In both cases, the
lethal effect could be the consequence of lack of
one enzyme acting on DNA replication or repair.
Both hypotheses remain to be tested.

(2) The last point to be discussed is the dif-
ference observed in sensitivity between chro-
mosomes X and II. Mathew (1965) has shown that
calf thymus DNA mixed with larvae food of
Drosophila melanogaster induced lethal recessive
mutations preferentially in the second chro-
mosome. A regional specificity of DNA action has
been reported by Gershenson (1965) in the lobe
region of the 2nd chromosome, and by Fahmy and
Fahmy (1963) in the proximal region of the 4th
chromosome, preferentially to the X chromosome.
In the first case, DNA was mixed in with the food;
in the second case, it was injected. If autosomal
chromosomes contain such vulnerable regions and
not the X chromosome, this would explain the
much weaker response of the latter treatment.

Sapunov (1981), with the LA strain, has also
observed no mutator effect in the X chromosome,
but a significant increase in the mutation frequency
of the 2nd chromosome. In spite of the lack of
lethal clusters between larvae, we still cannot dis-
miss the hypothesis that specific regions exist.

In conclusion, the injection into Drosophila
melanogaster larvae of biopterin or pterin has a
similar mutagenic effect as an extract of diapaus-
ing Pieris brassicae treated with the same pteri-
dines. These results confirm that in the indirect
treatment, the role of pteridines is primordial in
the mutagenic process.
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