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Abstract. Two anti-peptide antisera (anti-A and anti-B) raised against Gryllus bimaculatus allatostatin A1 (Grb-AST Al) and Bl
(Grb-AST B1), respectively, were applied in the peroxidase-antiperoxidase (PAP) immunohistochemical technique on complete se-
ries of sections from the brain, suboesophageal ganglion, corpora cardiaca (CC), and corpora allata (CA) of G. bimaculatus. Both an-
tisera yielded intense staining of numerous cells and nerve fibres. Serial sections, alternately stained with anti-A and anti-B
confirmed that the anti-B generally stained more cells and nerves. Extensive immunoreactivity in the retrocerebral complex suggests
that the CC and CA may represent a storage and/or release site for both allatostatin types or allatostatin-like molecules produced in

the brain.

INTRODUCTION

Cricket corpora allata (CA) synthesize juvenile hor-
mone III (JH III), which plays a major role in regulating
vitellogenesis (Koch & Hoffmann, 1985; Hoffmann &
Sorge, 1996). JH biosynthesis in the insect CA may be
controlled by stimulatory and inhibitory signals which
reach the glands either via the haemolymph or via nerv-
ous connections (Goodman, 1990). Brain neuropeptides
that either stimulate (allatotropin) or inhibit (allatostatin)
JH biosynthesis have been described in a few insect spe-
cies (for review see Stay et al., 1994; Gide et al., 1997).
Grb-AST Al belongs to the so-called Diploptera (cock-
roach) A-allatostatin family (allatostatin superfamily)
having a Y/FXFGL/I-amide C-terminus whereas Grb-
AST BI belongs to the B-allatostatin family (W>*W° pep-
tides) with sequence homology to the myoinhibiting
peptides from Locusta migratoria (Lom-MIP) and Man-
duca sexta (Mas-MIP 1, II). So far, five A-allatostatins
(Grb-AST A1-AS5) and five B-allatostatins (Grb-AST
B1-BS) have been isolated from 3-day old female G. bi-
maculatus brains (Lorenz et al., 1995a, b; Lorenz et al,,
1999; Hoffmann et al., 1998). All these peptides are po-
tent inhibitors of cricket JH I1I biosynthesis in vitro. The
inhibitory effect is fully reversible. ICs, values for the in-
hibitory action range from 4 to 8 x 10® M for the A-
peptides and from 1 to 7 x 10 M for the B-peptides
(Lorenz et al., 1995a, b). Whole mounts of G. bimacula-
tus brains were previously immunostained with an anti-
body raised against Diploptera allatostatin 7 (Dip-AST 7,
APSGAQRLYG- FGL-NH;) by Neuhiuser et al. (1994).
Dip-AST 7 is also a potent inhibitor of G. bimaculatus JH
biosynthesis in vitro. The present paper describes the im-
munostaining of sections of the G. bimaculatus brain/ret-

rocerebral complex with antibodies raised against Grb-
AST Al and Grb-AST Bl by using the peroxidase-
antiperoxidase immunocytochemical technique.

MATERIAL AND METHODS

Animals and tissue sectioning

Mediterranean field crickets, G. bimaculatus de Geer (Ensif-
era: Gryllidae), were reared at 30°C under a natural, late spring
photoperiod of 16L : 8D. Animals were fed with water and a
mixed standard diet (Altromin GmbH, Lage, Germany) consist-
ing of rabbit (2021), rat/mouse (1311) and cat (5031) food pow-
der. Males and females were separated during the penultimate
larval stage and those that underwent an imaginal moult on the
same day (day 0) were grouped.

Complete brain-corpora cardiaca (CC) — corpora allata (CA) —
suboesophageal ganglion (SOG) complexes of 3d adult females
were dissected under 0.9% saline and immediately transferred to
Bouin Hollande 10% sublimate fixative for 24 h. After dehydra-
tion in ethanol and clearing in histosol, tissues were embedded
in paraplast and thereafter cut with a Historange microtome
(Pharmacia/LKB, Uppsala, Sweden) in 5 um sections. This pro-
cedure for tissue preparation has previously been successfully
used for immunocytochemical investigations of peptidergic neu-
rons in the insect brain (De Loof et al.,1984; Verhaert et al.,
1984 a, b).

Antisera

Two polyclonal antisera (anti-A and anti-B) were raised in
rabbits by SNPE Neosystem, Strasbourg, France. Immunization
was done with Grb-AST Al (AQHQYSFGL-NH;) and Grb-
AST Bl (GWQDLNGGW-NH,) respectively, aminoterminally
coupled to keyhole limpet haemocyanine (KLH) via glutaralde-
hyde. Both synthetic peptides were also supplied by SNPE Neo-
system.

Sensitivity and selectivity of the two anti-peptide antisera
were tested by indirect ELISA, although immunoreactivity in
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ELISA may be different from that in immunocytochemistry.
The anti-A was found not to cross-react with Grb-AST B1 nor
did the anti-B cross-react with Grb-AST Al. However, anti-B
cross-reacted with Lom-MIP (AWQDLNAGW-NH,) for 7%
and with G. bimaculatus adipokinetic hormone (Grb-AKH,
pQVNFSTGW-NH;) for 1% (due to some obvious C-terminal
sequence homologies). Anti-A cross-reacted with Dip-AST 7
and Grb-AST A2 (AGGRQYGFGL-NH,) at 60% and 13% lev-
els, respectively, compared to the autologous immunoreaction
of anti-A towards Grb-AST Al. Anti-A did not show any cross-
reaction with Grb-AKH in ELISA.

The rabbit antisera were used in the peroxidase-antiper-
oxidase (PAP) procedure as described by Vandesande & Dier-
ickx (1976) at dilutions between 1 : 2,000 and 1 : 10,000.
Specificity of the anti-A and anti-B was checked by liquid phase
as well as by solid phase preabsorption. For liquid phase preab-
sorption, 1 pg peptide per pl undiluted serum was preincubated
for 2 h (serum dilution 1 : 100) before subjecting it to a normal
PAP staining on sections of G. bimaculatus nervous tissue. The
anti-B serum appeared to be specific for its antigen as there was
only negligible staining left after the preabsorption experiment.
In the case of the anti-A serum, however, preabsorption studies
indicated the presence of some unspecific immunostaining as
there were still a few cells and nerve fibres stained after preab-
sorption. To confirm these results, liquid preabsorption was re-
peated with 10 pg peptide per ul undiluted serum for both anti-
sera. Also a solid phase preabsorption was performed on anti-A
and anti-B. For this aim, 500 ug of peptide was covalently cou-
pled to 100 mg Sepharose 4B (Pharmacia). After incubation of
50 pl 1 : 100 diluted antiserum with the Sepharose-bound pep-
tide, antigen-specific antibodies were removed from the serum
by spinning down the Sepharose beads. The supernatant was
then used in the appropriate dilution as the primary antiserum in
a normal PAP staining. In the case of anti-B, this procedure led
to the complete absence of immunostaining, whereas for the
anti-A the presence of some unspecific antibodies was still obvi-
ous. Finally, antiserum specificity was controlled by replace-
ment of the primary antisera by the respective rabbit preimmune
sera. This treatment resulted in a complete absence of immu-
nostaining for both antisera. Complete series of sections from
the brain, SOG, CC and CA were used for identification of total
nerve and cell staining. Some serial sections were alternately
stained with the two antisera.

RESULTS

Retrocerebral complex

CC-CA complexes of 3-day old G. bimaculatus females
showed intense nerve staining with both antisera, anti-A
(Fig. 1) and anti-B (Fig. 2). Most pronounced staining
was observed in the CC, the nerve connections between
CC and CA (nervus corpus allatum 1, NCA 1) and be-
tween CA and SOG (NCA 2) as well as in the connection
between NCA 1 and NCA 2 running on the surface of the
CA (Fig. 3). Inside the CA, nerve staining was weaker.
CC staining with anti-B showed, in addition to the normal
nerve staining, some intensely stained big round shaped
areas which were not visible in CC stained with anti-A
(compare Fig. 1 with 2). No cell staining could be de-
tected inside CC and CA.

Specificity tests showed that the anti-B staining was
highly specific (not shown here), whereas with the anti-A
only the staining inside the CA vanished after preabsorp-
tion studies (compare Fig. 4 with Fig. 5).
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Suboesophageal ganglion: Anti-A

In the middle of the SOG, a group of 6 large cells were
strongly immunolabelled (Fig. 6). Another four large cells
were immunopositive in the median, cranial SOG be-
tween the entrance of the circumoesophageal connectives
(not seen in this section). However, the staining of these
large cells did not disappear when sections were exposed
to antibody preabsorbed with Grb-AST Al (see Figs
14-135). Neuropil staining occurred inside the SOG, in-
side the circumoesophageal connectives and also in the
connectives running to the abdominal ganglia. Not all
these neuropil stainings disappeared after preabsorption.

Suboesophageal ganglion: Anti-B

Neuropil staining was visible in the SOG and the con-
nectives to the SOG. Several normal (ca. 15 pm in diame-
ter) and small sized cells were stained all over the SOG
(Fig. 7). In the case of anti-B, all SOG-staining was spe-
cific. When comparing serial sections alternately stained
with anti-A and anti-B, no cells could be detected that
were stained by both antisera (see Figs 6-7).

Brain: Anti-A

Four immunoreactive cells in the pars intercerebralis
(PL, Fig. 8) and four lateral cells in each hemisphere (Fig.
9) were observed (not all these cells can be seen in a sin-
gle section). In the tritocerebrum, 4—5 median tritocere-
bral neurosecretory cells per hemisphere were immunopo-
sitive (Fig. 10), as well as 4-5 cells per hemisphere along
the lateral side of the tritocerebrum. Immunostaining
could be seen in the whole neuropil area of the brain (Fig.
11), in the central body, in the antennal glomeruli, in the
optic nerves, in the tritocerebrum and also in the calyces,
but not in the mushroom bodies. Apart from the median
tritocerebral cells (Figs 12—13), the brain staining with
anti-A was specific as could be shown by a liquid phase
preabsorption experiment with a brain-SOG complex.
However, note the unspecific staining of the SOG-cells
mentioned above (Figs 14-195).

Brain: Anti-B

Generally, brain sections stained with anti-B showed
more immunopositive cells and more nerve staining at
lower background staining compared to the results of the
anti-A treatment. In the PI, approximately 40 normal
sized cells were immunopositive (Fig. 16). In the lateral
area about 30 cells per hemisphere were stained. In the
tritocerebrum 4-5 median tritocerebral neurosecretory
cells per hemisphere were immunopositive. Comparing
serial sections alternately stained with both antisera
showed that these tritocerebral cells were stained by both
antisera (Figs 10 and 17). Along the lateral side of the tri-
tocerebrum more cells (at least 8 cells per side, Fig. 18)
were stained by the anti-B serum compared to anti-A. Ex-
tensive nerve staining occurred in the whole neuropil area
of the brain, in the central body, in the antennal
glomeruli, in the optic nerves, in the tritocerebrum and
also in the calyces. Again, no staining could be found in
the mushroom body stalks (Fig. 18).
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Figs 1-6: Brain/retrocerebral complex sections of 3-day old female crickets (G. bimaculatus) immunoreacted with two anti-
peptide antisera (anti-A and anti-B) raised against Grb-AST A1 and Grb-AST BI, respectively. 1 — CC-CA complex immunostained
with anti-A; 2 — CC-CA complex immunostained with anti-B; 3 — CA with NCA 1 and NCA 2 connections immunostained with
anti-A; 4 — CA-NCA | immunostained with anti-A; 5 — CA-NCA 1 immunostained with anti-A preabsorbed with Grb-AST Al
(liquid phase preabsorption, 10 pg/ul undiluted serum), note the specific staining of nervous arborizations between the CA-cells; 6 —
SOG immunostained with anti-A. Scales: 1, 2 — 0.5 mm; 3, 4, 5 - 0.3 mm; 6 — 0.4 mm. CA — corpus allatum; CC — corpus cardia-

cum; NCA 1 — nervus corpus allatum 1.

All the anti-B staining turned out to be highly specific.
Serial sections alternately stained with both antisera
showed that different PI and PL (pars lateralis) cells were
apparently stained by the two antisera (Figs 16 and 19).

DISCUSSION

Anti-A staining

The present results obtained by staining sections of
brain-CC-CA-SOG complexes with allatostatin A antise-
rum are similar to previous immunocytochemical studies
on G. bimaculatus wholemount brain-retrocerebral com-
plex preparations (Neuhduser et al., 1994). Although
these authors used an antiserum raised against Dip-AST 7
for immunostaining, it is not surprising that the results are

similar. Both allatostatins used are members of the allato-
statin superfamily, and in both cases these peptides were
coupled through their N-terminus to the carrier proteins
for immunization, thus the antigenic determinant is very
likely to include the common Phe-Gly-Leu-amide C-
terminus. As expected, ELISA studies showed a strong
cross-reaction of the present anti-A serum with Dip-AST
7. Therefore, it can be assumed that the antisera against
Dip-AST 7 and Grb-AST Al recognize, at least partly,
the same antigens. In their whole mount studies on cricket
brain-retrocerebral complexes, Neuhduser et al. (1994)
found 4 strongly immunoreactive cells in the PI, and
nerve staining in the neuropil, the tritocerebrum, the CC
and the CA, similar to those found in this work. However,
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Figs 7-12: Brain/retrocerebral complex sections of 3-day old female crickets (G. bimaculatus) immunoreacted with two anti-
peptide antisera (anti-A and anti-B) raised against Grb-AST Al and Grb-AST BI, respectively. 7 — SOG immunostained with anti-B;
8 — Brain immunostained with anti-A showing 2 of the 4 immunopositive Pl-cells (arrows); 9 — Brain immunostained with anti-A
showing 1 of the 4 PL-cells per hemisphere (arrows); 10 — Brain immunostained with anti-A showing median tritocerebral neurose-
cretory cells (arrows); 11 — Brain immunostained with anti-A; 12 — Tritocerebrum immunostained with anti-A showing median trito-
cerebral neurosecretory cells. Scales: 8, 9, 10, 11, 12 - 0.5 mm; 7 — 0.4 mm. cb — central body.

these authors found more immunopositive lateral cells
and  additional  immunoreactive cells in  the
protocerebrum, and also more immunopositive cells in the
tritocerebrum, compared to our results. Probably several
weakly stained cells were missed by only counting the
unambiguously stained cells in our sections. It is also pos-
sible that weakly stained cells display a deeper colour in
whole mounts than in sections, due to the longer path of
light going through entire cells in whole mounts. In their
whole mounts, Neuhduser et al. (1994) also found strong
immunoreactivity in all three nerves (NCC 1-3) connect-
ing the brain with the CC. Although in our sections sev-
eral stained nerve fragments lying between CC and brain
were found, it was not possible to assign them clearly to
the NCC 1, 2 or 3.
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Schildberger & Agricola (1992) showed that some lat-
eralis cells send their axons into the CA by using double
labelling with the antibody against Dip-AST 7 and a luci-
fer yellow backfill of the NCA 1.

Specificity of anti-A staining

Anti-A staining in this work proved to be partially un-
specific, as was shown in preabsorption studies. Gener-
ally, a polyclonal antiserum as used in this study contains
many different antibody populations and not all of them
bind a possible antigenic determinant of the immunogen
(in the present case an allatostatin). The antiserum can
also contain antibodies which are binding compounds that
are not related to the allatostatins at all. There are several
possibilities for the presence of unspecific antibodies



Figs 13-19: Brain/retrocerebral complex sections of 3-day old female crickets (G. bimaculatus) immunoreacted with two anti-
peptide antisera (anti-A and anti-B) raised against Grb-AST Al and Grb-AST B1, respectively. 13 — Tritocerebrum immunostained
with anti-A preabsorbed with Grb-AST Al (liquid phase preabsorption, 10 pg/pl undiluted serum), note the unspecific staining of
the median tritocerebral neurosecretory cells; 14 — Brain-SOG complex immunostained with anti-A; note the specific staining of the
Pl-cell (arrow) in comparison to 15; 15 — Brain-SOG complex immunostained with anti-A preabsorbed with Grb-AST Al; note the
unspecific staining of the SOG-cells; 16 — Brain immunostained with anti-B; note the Pl-cells (arrow); 17 — Brain immunostained
with anti-B, showing median tritocerebral neurosecretory cells (arrow); 18 — Brain immunostained with anti-B; 19 — Brain immu-
nostained with anti-A; note the two Pl-cells (arrow). Scales: 13, 16, 17, 18, 19 — 0.5 mm; 14, 15 — 1.0 mm. SOG - suboesophageal
ganglion.
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(Tips et al., 1997). However, the observation of unspe-
cific nerve process or cell body staining must not neces-
sarily fully exclude the presence of the antigen one is
looking for. It may be possible that one cell generates
more than one immunoreactive substance recognized by
different antibody populations in the antiserum. The very
strong immunoreactive SOG cells found in this work by
using the anti-A serum could contain a majority of those
cross-reacting substances compared to the proper allato-
statin.

Anti-B staining

Generally, the anti-B serum immunoreacted with more
cells and nerves at lower background staining than the
anti-A. Preabsorption studies on the anti-B serum showed
the high specificity of this antiserum for Grb-AST B1 epi-
topes. After liquid phase preabsorption, virtually all im-
munoreactions within the cricket sections disappeared.
Weak remaining staining is probably due to the formation
of soluble antigen-antibody complexes during liquid
phase preincubation and their subsequent dissociation in
favour of the tissue antigen (Swaab & Pool, 1975; Swaab
et al,, 1975). Solid-phase preabsorption totally abolished
the positive immunoreaction.

Lorenz et al. (1995b) calculated the allatostatin content
in cricket brains to be 0.18 pmol/brain for Grb-AST Al
and 0.73 pmol/brain for Grb-AST B1. However, we do
not yet know how many members of each of the two alla-
tostatin families are present in the cricket brain and in
which concentrations. Even if there is no cross-reaction at
all between different peptides belonging to the same fam-
ily, the Grb-AST B1 content in the brain is 4 times higher
than that of the Grb-AST Al. This could be one possible
explanation for the higher degree of immunoreaction
found in the brains with anti-B compared to anti-A. Of
course, this observation could also be due to the higher
affinity of the anti-B serum, although the dilution of the
two antisera used for staining purposes was the same. An-
other conspicuous difference in the staining patterns of
the two antisera is the existence of intensively stained,
huge round shaped areas in the CC, visible only with the
anti-B serum. The CC is known to be the production and
release site of AKH. Although the sensitivity of Grb-
AKH to anti-B was only 1% compared to Grb-AST Bl in
ELISA studies, we suspect the antibody to stain AKH.
The AKH-content in CC of 4-day old female crickets was
determined to be 42 pmol/CC (Woodring & Hoffimann,
1997), which is rather high compared to the allatostatin
content in the brain. An HPLC-analysis of the CC re-
vealed that the content of AKH in the CC is at least 100
times higher compared to the content of any allatostatin
(Lorenz, unpublished observation).

CONCLUSIONS

Members of two families of allatostatic neuropeptides
(A and B allatostatin family) have been detected in
cricket (G. bimaculatus) brain by chromatographic (Lo-
renz et al.,, 1995a, b) as well as by immunological meth-
ods (this paper). These brain factors could reach the CA
either directly through nerves (NCC 1-3, NCA 1) or via
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the haemolymph. Another possible source of CA regulat-
ing neuropeptides is the SOG which is connected to the
CA through the NCA 2. In this work a rather comparable
extent of immunostaining in the brain/retrocerebral com-
plex of crickets was found when using two antisera raised
against Grb-AST Al and BI, respectively. Both antisera,
for example, immunoreacted with cells in the pars inter-
cerebralis and the pars lateralis of the brain, and showed
nerve staining in the CC as well as in the CA. In most
cases the two antisera stained different cells of the PI, PL
or SOG. Some median neurosecretory tritocerebral cells,
however, contained immunoreactive material recognized
by both antisera. Strong Grb-AST Al and Bl immunore-
activity in the CC suggests that this neurohaemal organ
will be a site of release for both the allatostatins into the
haemolymph. Yu et al. (1993) demonstrated the presence
of A allatostatin-immunoreactive material in the haemo-
lymph of Diploptera punctata, in favour of the humoral
pathway for the action of these peptides. Highly specific
staining of nerve endings among JH producing cells
within the CA, however, strongly indicates that both
types of allatostatic neuropeptides may reach the CA di-
rectly through nerve connections. The present results cor-
roborate the assumption that members of the two
allatostatin families will also act as potent inhibitors of JH
biosynthesis in crickets in vivo.
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