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Brain factor from Galleria mellonella (Lepidoptera) stimulating silk gland activity
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Abstract. Brain extracts from day 1-4 last instar larvae of Galleria mellonella (Lepidoptera) stimulate RNA synthesis
in cultured silk glands from day 3 last instar larvae. When the fibroin-synthesizing posterior parts of silk glands were
incubated for 3 h in vitro in the presence of brain extract (0.1 brain equivalent), [*H]-uridine incorporation into RNA
was stimulated more than twofold. The stimulating effect of brain extract showed a dose response relationship. It is
suggested that the heat-resistant and protease-sensitive brain factor is a peptide.
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Crude extracts of neurohaemal tissues influence many
processes in insects *. The silk glands of Galleria mellonel-
la larvae, which, during the last instar, produce large
amounts of silk proteins, have been shown to be under
the control of juvenile hormone? and ecdysteroid 3. The
glands are also stimulated when brains are implanted
into isolated abdomens 3. This stimulation results in in-
creased RNA and protein synthesis ®. It is not clear, how-
ever, what part, if any, of the stimulatory effect of the
brain tissue is due to the direct action of factors from the
brain on the silk glands. To resolve this question we have
tested in vitro the influence of dissected brains or crude
brain extracts on silk gland tissues in a convenient incu-
bation system described earlier *.

Material and methods

Experimental insects. Larvae and pupae of Galleria mel-
lonella (Lepidoptera, Pyralidae) were kept in constant
darkness at 30 °C and fed on a semisynthetic diet °. Their
age was measured in hours after the penultimate, last
larval and pupal ecdysis.

Cultivation of silk glands in vitro. Silk glands and brains
from water-anaesthetized larvae were dissected out in a
laminar hood. The posterior part of the silk gland was
incubated either alone or with brain extract in 100 pl
Grace’s medium (Gibco) supplemented with 2.0 uCi of
[5,6°H]-uridine (Amersham, 49 Ci/mmol). The activity
of the gland tissue was expressed by [*H]-uridine incor-
poration into total RNA during short time incubation in
vitro. The activation was expressed as the ratio of ra-
dioactivity incorporated by a gland, in the presence of
brain or brain extract, to the value for a parallel gland
from the same animal incubated alone (control). The
activation ratio (Ar) is the amount of [*H]-uridine incor-
porated into RNA (dpm/gland) in the presence of brain
or brain extract, divided by the amount of [*H]-uridine
incorporated into RNA by the control gland (dpm/
gland)”. The presence of several other tissues dissected
from the larval body, such as the suboesophageal gan-
glion, fragments of fat body or muscle, did not influence
silk gland activity.

Brain extract preparation. All glass, tubes and pipette tips
used in the assays were siliconized. Brains were homoge-
nized briefly in cold distilled water, incubated at 65 °C
for 5 min and centrifuged at 10,000 x g for 10 min in the
cold. The supernatant contained 0.2 brain equivalents
(BE)/pl, except if otherwise stated. In stimulation assays
with brain extracts, controls were treated with sub-
oesophageal ganglion extracts prepared according to the
same procedure as for brain tissue and used in a com-
parable concentration (tissue equivalent per volume).

Brain factor characterization. The heat stability of brain
factor was determined by heating at 100 °C for increas-
ing periods of time. The brain factor sensitivity to
proteases was determined by incubation of stock brain
extract (0.2 BE/ul) with an equal volume of trypsin (Sig-
ma) 1 mg/ml; 7,500-10,000 units/mg or pronase (Cal-
biochem) 2 mg/ml; 45,000 PUK/g, in 0.05M Tris-HCI
pH 8.1 at 37 °C for 1 h. The reaction was terminated by
raising the temperature to 100 °C for 3 min. The dena-
tured proteins were spun at 10,000 x gfor 10 min and the
supernatants were used in stimulation assays. The buffer
used in this study did not affect the activity of the silk
glands.

RNA measurements. Newly-synthesized nucleic acids
from in vitro cultured silk glands were extracted with
120 pl of 0.5 N HCIO, for 20 min at 70 °C °. Radioactiv-
ity of [*H]-uridine incorporated into RNA was measured
in 0.1-ml aliquots of these extracts in scintillator (dioxan,
50 g naphthalene, 7 g PPO, 0.05 g POPOP/]) in a liquid
scintillation counter (1209 Rackbeta, LKB).

Results and discussion

We investigated the direct effect of explanted brain on the
posterior part (the site of fibroin synthesis) of silk glands
coincubated in vitro with [5,63H]-uridine. During short
periods of incubation, the incorporation of the label into
RNA in the posterior parts of parallel silk glands derived
from the same larva was relatively uniform; the differ-
ences were never bigger than 20%. On the other hand,
the discrepancies in RNA synthesis rate between glands
derived from different larvae of the same age could
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amount to 80%, despite the very careful selection of
animals according to their stage of development. During
3 h incubation with isotope the incorporation into con-
trol posterior silk glands (PSG) ranged from 1650 to
2750 dpm/gland. The average incorporation for 20 in-
dependent experiments was 2112 + 572 (dpm/gland
+ SEM). Because of this variation, in each experiment
treated and control glands were taken from the same
animal. Activation of PSG by brain explant or crude
brain extract was expressed as an activation ratio (Ar).
Routinely we used last (VII) instar larvae of G. mellonel-
la. The brains were explanted from day 4 (VII[/4) larvae,
because it had been observed previously that VII/4 brain
implants can stimulate the growth of silk glands in isolat-
ed abdomens in situ 3. The silk glands were derived from
day 3 larval abdomens, depleted of endogenous hor-
mones 5. At this stage of development, at the ‘accumula-
tion phase’, the synthesis of both nucleic acids and
proteins reaches a high level in silk glands of G. mellonel-
la®. The [*H]-uridine incorporation into the RNA of
brain-stimulated PSG, as compared with incorporation
into control PSG coincubated with suboesophageal gan-
glion, was linear up to 6 h (fig. 1).

Double factor analysis of variance showed that the inter-
actions between time and brain stimulation were at the
significance level o = 0.005. An independent one-way
analysis of variance for 2-, 4- and 6-h incubations and
two levels of stimulation was done. At each defined time
of incubation the differences in mean values between
controls and PSG in the presence of brain were at a
significance level not higher than « = 0.002. Analysis for
control values showed no differences in mean values for
2, 4 and 6h with probability « = 0.85. Analysis for
PSG + brain showed differences in mean values of
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Figure 1. In vitro tithe-course of RNA synthesis in day 3 PSG in the
presence of brain tissues dissected on day 4 of last instar larvae of G.
mellonella. Glands were incubated in 100 p] Grace’s medium either in the
presence of 2 suboesophageal ganglions (m) or with isolated brains; 2
brains per gland (+). Control mean level (- - ). The linear model —(—).
The incubation medium was changed every 2 h. The last portion con-
tained 2.0 pCi [*Hl-uridine. The linear model Y =a + bx, where

a=0288 + 0.23 and b = 0.26 + 0.05, was fitted to the experimental
data.
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groups for 2-, 4- and 6-h incubation at the significance
level o = 0.004. A model for linear regression is pro-
posed; activation ratio (Ar) — time. The variance analysis
allows us to present this model at the significance level
o = 0.002. The activation ratio (Ar + SEM) after 2 h co-
incubation of PSG with two brains was 1.4 + 0.1, and
after 6 h it was 2.5 + 0.28 of the control. These results
showed that VII/4 brain tissue influences the activity of
VII/3 PSG in vitro.

To confirm the specificity of this effect of brains on PSG
we used crude brain extract in incubation assays in vitro.
Figure 2 shows the dose-dependence of PSG stimulation
by crude brain extract. Double factor analysis of vari-
ance demonstrated interaction: a brain equivalent-acti-
vation ratio at a significance level lower than o = 0.0001.
One-way analysis of variance was done for different BE
values and two stimulation levels. Analysis of variance
for determined BE values showed that for all BE values
greater than 0.005, the differences in mean values be-
tween controls and activated PSGs were at a significance
level not higher than o = 0.02. One-way analysis of vari-
ance for controls demonstrated no differences in mean
values (probability o = 1.0). One-way analysis of vari-
ance for stimulated PSG showed differences in mean
values for each BE value at a significance level lower than
o = 0.0001. A non-linear regression model, Ar — BE, was
proposed.

Based on analysis of variance this model can be presented
at a significance level lower than « = 0.005. For a 3-h
incubation, the upper limit of the activation ratio was
found to be about 2.0 in the presence of 0.1 brain equiv-
alent (BE). With 0.03 BE in the medium, the activation
ratio was 50 % of the maximal value, and with 0.005 BE
the effect was not measurable.
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Figure 2. Dose-response of activation of 3 h [*H]-uridine incorporation
into RNA in day 3 PSG by crude extract of day 4 larval brain. VII/4
brains were homogenized shortly in cold distilled water, incubated at
65 °C for 5 min and centrifuged at 10,000 x g for 10 min in the cold. The
supernatant (crude brain extract), containing 0.2 BE/ul, was used in ac-
tivation assays (+). Control PSGs were incubated with an appropriate
amount of crude suboesophageal ganglion extract (m) per silk gland.
Control mean level - {-----); linear model — (—).

The non-linear model Y = a + b (1 — exp (—x/c)), where a = 0.92 +0.14,
b=1.06 + 0.15 and ¢ = 0.034 + 0.011.
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Figure 3. Stimulation of RNA synthesis in PSG day 3 last instar larvae
by crude brain extracts. Brains were isolated in different developmental
stages: penultimate, last larval, pupa and imago, homogenized in cold
distilled water; incubated at 65 °C for S min and centrifuged in the cold.
The supernatant (crude brain extract) containing 1 BE/pl, was used in
activation assays. The incubation of PSG was carried out for 3h in
presence of 0.2 BE/PSG (o) or 0.2 suboesophageal ganglion equivalent
extract in control assays (e ). Each point represents the mean (+SEM)
of 4-5 assays.

The factor from the brain tissue which directly stimulated
RNA synthesis in PSG was also found in penultimate
(VD) larval instar (fig. 3). The 0.2 (VI/3) brain equivalent
activates PSG in vitro in a manner similar to VII/1 and
VI1/4 brain extract. However, 0.2 BE and even 2.0 BE of
extract from larvae at very late last instar (VII/6) did not
stimulate PSG in vitro, although the glands were sensi-
tive to the factor(s) from the brains of younger individu-
als.

The effect of brain extracts of pupae and imagos in a dose
0.2 BE/PSG was also not measurable. Ten times more BE
was required to obtain activation ratio (Ar£SEM) of
1.9 + 0.3 with pupal and of 1.6 + 0.4 with imaginal brain
extracts. The stimulatory activity of brain on PSG there-
fore depends on the stage of development and is correlat-
ed with the synthetic ability of this gland. The response
of silk gland tissues to stimulators from brain is evident
in vitro during 1884 h of the last instar, i.e. during the
preparatory and active phases of silk protein synthesis.
Subsequently, during the regression phase, when silk
protein synthesis ceases, no response even to high BE
could be detected (data not shown).

We have compared the electrophoretic patterns in poly-
acrylamide gels of RNA synthesized in vitro in the poste-
rior part of active silk glands stimulated by V1I/4 larval
brain factor with the pattern in controls. The stimulatory
effect involves ribosomal 28 S and 18 S RNA, but mainly
species higher than these two, which may be pre-riboso-
mal RNA, located in the area > 40 S.

The chemical nature of brain factor from VII/4 larvae
was investigated by testing its sensitivity to temperature
and proteases. After 5-min incubation of the crude
aqueous extract of the brain at 100 °C, its activity to-
wards silk glands remained practically unaffected (fig. 4).
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Figure 4. Thermostability of crude brain extract at 100 °C at a concen-
tration of 0.2 BE/ul. Small volumes (25 ul) of crude brain extract were
incubated at 100 °C for 10 s, 1 min or 5 min, cooled down and spun in the
cold. The supernatant was used in PSG activation assays in vitro (o).
Control PSGs were incubated with appropriate amounts of crude sub-
oesophageal ganglion extract (e). Each point represents the mean
(+SEM) of Ar values for 4-5 assays.

3
o 1
}‘E 2
g w2
B 1 B
<

(e}

trypsin prorase

Figure 5. Sensitivity of brain extract to proteolytic hydrolysis by trypsin
(A) and pronase (B). Brain extract (1.0 BE) was incubated at 37 °Cfor t b
(1); preincubated at 37 °C for 1 h with denatured enzymes (2). The vol-
ume of 20 pl of crude brain extract (4 BE) was incubated either with
150—200 units of trypsin or 1800 PUK of pronase in the volume of 40 ul
of 0.05 M Tris-HCI pH 8.1. Controls contained appropriate volumes of
0.05 M Tris-HCI pH 8.1 added to the incubation medium.

This result shows that the factor has a molecular struc-
ture which allows it to retain its biological activity at high
temperatures. One cycle of freezing at —20 °C and thaw-
ing resulted in partial loss of activity; three cycles result-
ed in complete inactivation (data not shown). Treatment
of crude aqueous brain extract with pronase or trypsin
resulted in considerably decreased activity of the brain
factor in our in vitro test system (fig. 5).

These results indicate that the brain-tissue factor of G.
mellonella which stimulates RNA synthesis in silk pro-
ducing glands may be a peptide.

The insect neuropeptides described hitherto were shown
to stimulate juvenile hormone synthesis, as in Locusta
migratoria”> 1% 1! or Manduca sexta™'?. Brains implant-
ed into freshly ecdysed last instar larvae of G. mellonella
also stimulate juvenile hormone production'® ™. In
Bombyx mori prothoracicotropic hormone (PTTH) stim-
ulates in vitro RNA synthesis in the prothoracic gland,
which synthesizes and releases ecdysone *°.
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The action of the brain factor is independent of that of
the hormones released by the endocrine glands. Ecdy-
sterone present in the incubation medium at a concentra-
tion of 10~ ° M does not affect the activation of PSG by
the brain factor, nor does 10~ % M juvenile hormone II.
It is noteworthy that in our system 10~ M juvenile hor-
mone II inhibits the incorporation of [*H]-uridine into
RNA of PSG by at least 30% during 3 h incubation in
vitro, and this inhibition was abolished by the brain fac-
tor. It seems that at least a part of the observed effect of
brain implantation reported earlier > should be ascribed
to a direct, hormone-independent action of brain tissue
factor(s). More work is needed on the isolation and struc-
ture of brain factor, which may show some similarities to
other insect neuropeptides 16~ *&,
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Development of melatonin rhythm in the pineal gland and eyes of chick embryo
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Abstract. A melatonin rhythm was observed in the pineals of 18-day-old chick embryos incubated under a light-dark
regime of 18: 6 h. A low pineal melatonin content was found during the light phase of the day. Concentrations started
to increase 2 h after dark onset and reached maximum levels after 4 h of darkness. The amplitude of the pineal
melatonin rhythm increased considerably after 2 days and night-time concentrations in 20-day-old embryos were
more than 5 times higher than in 18-day-old ones. Significant day/night differences in melatonin production were
found both in pineals and eyes. Exposure of eggs to 1 h of light during the dark period decreased the high melatonin
concentrations in the eyes but not in the pineals of the 20-day-old chick embryo. The results suggest that in this

precocial bird at least part of the circadian system may already operate during embryonic life.
Key words. Melatonin; circadian rhythm; embryo; ontogeny.

In the mammalian fetus, circadian rhythms are entrained
by the rhythmicity of the mother. Maternal melatonin
transmits the information on day-length to the fetus 2,
and this information can influence subsequent body de-
velopment, especially in photoperiodic species® 4. In
birds, a direct neuroendocrine signal between mother
and developing embryo is naturally excluded. However,
through its incubatory behavior the mother could influ-
ence the characteristics of endogenously developing
rhythms in embryos. As melatonin may be directly in-
volved in the circadian organization of birds> ~ 7, its pos-
sible rhythmic production during embryonic life could be
important for the development and entrainment of other
behavioral and physiological rhythms.

Melatonin has been found in the pineals of chick em-
bryos® ~ '°. Moreover, a circadian rhythm of N-acetyl-
transferase (NAT), which is responsible for rhythmic
melatonin production, was observed in 18-day-old chick
embryos °. Therefore the aim of the present study was to
find out whether pineal melatonin exerts a daily rhythm
in chick embryos incubated under a light-dark cycle, and
whether melatonin synthesis in the embryonic pineal
gland and eye can respond to lighting conditions.

Materials and methods

Broiler breeder hen eggs were incubated in a forced
draught incubator (Bios, CSFR) at a temperature of
37.8 + 0.2 °C and a relative humidity of 55-65% under



