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Abstract

Glial fibrillary acidic protein (GFAP) is the primary intermediate filament protein as a
marker for the identification of astrocytesin the central nervous system in vertebrates. This
present study was performed to identify GFAP-immunoreactive neurons in invertebrate
(moth) by the light microscopy immunohistochemistry and immunoblotting. Our resultsin-
dicated the presence of GFAP-like positive cell processes and cell bodies in the developing
stages. The amount of GFAP immunor eactivity was maximized in the 3% instar larva but
diminished it, approaching to 5" instar. This changed amount of GFAP was also confir med
by immunoblotting with developing stages. GFAP immunor eactivity was also observed in
both axonswithin nervi corpora cardiaci (NCC) | +I1 and corpora allata (NCA). We suggest
that thisglial filament protein may be conserved in the evolution of the invertebrate nervous
systems and that it may be used as a label for some types of glial cells and as neur otransmit-

ter of neuromodulator in the moth.
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I ntroduction

Glial cells regulate physiological and biochemipabc-
esses in the nervous system [1] and are implicate¢de
guidance of neuron outgrowth during developnfizht

Glial fibrillary acidic protein (GFAP) is an inteediate
filament (IF) protein and is expressed in the anterv-
ous system in astrocyte cells. It is involved imyaellu-
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mammals, birds, reptiles, fishes [11], and in sonver-

tebrates such as cr@b0] and zebra fisij12] and snail
[13]. Primary role of GFAP in vertebrate is confina

astrocytes, as a cytoskeleton stabilizet also found in
several invertebrat¢$4,15,16,17].

Paulaet al.[13] confirmed that molecular weight of GFAP
in the snail,Megalobulimus abbreviatus, particularly in
cerebral ganglia and subesophageal mass, by imnsinoh

lar functioning processes, such as cell structund a tochemistry and immunoblotting was about 55kDahls
movement, cell communication, and the functionirig opaper, we firstly describe and confirm the appezeaof

the blood brain barrier. It was first isolated frdraman
multiple sclerosis plaqud8] and it has been biochemi-
cally characterized by the use of polypeptide aislsind
immunogenic determination4).

To identify the sites of GFAP production and arglri-
lease is obviously necessary for investigatingrégla-
tory mechanism for GFAP secretion. Localizationthoe
source of GFAP in the brain has been studied bylamp
ing a variety of methods such as the observatidmsib-

GFAP-immunoreactive cells in the embryonic brain of
Bombyx mori and its immunoreactive distribution at de-
veloping stages as well as its molecular weightirby
munblotting.

Materials and methods
Animals

Cold-treated eggs @dombyx mori were hatched about 10
days after incubation at 27-ZBwith relative humidity of

logical changes in the neurosecretory cells (NSCsB0-70%. Larvae were reared on an artificial dieogtly
GFAP-like immunoreactivity has been shown in enteri mulberry leaves) under a long-day photoperiod regim
glia [5], Schwann cells of unmyelinated peripheral nervg17 hrs light-7 hrs dark).

fibers[6,7], lens epithelium [8], adult brain of lizarf#¥,
and in the visual system of the crid®]. Filaments of
morphological structure similar to the intermedigtal
filament have been reported in the glial cells ciny
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Wholemount immunocytochemistry
Wholemount immunocytochemistry for brain were dittl
modified and performell8]. The brain of larvae was
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dissected in 0.1M sodium phosphate buffer (PB, pH 7 (TBS-T) for 90 min. After the blockage, the memlwan
and then fixed in 4% paraformaldehyde (PFA) in 0.1Mwas washed twice in TBS-T under constant stirrimg3

PB for 5-9 hrs at &, depending on the size of brain andmin. The membrane was incubated with the monoclonal
stage. The fixed tissues were immersed in 0.01Msphoantibody mouse anti-GFAP (Millipore) under constant
phate-buffered saline (PBS) with 1% Triton X-10#%  strirring for 2 h at room temperature. The membrane
for overnight. Blockage of peroxidae activity wasr{o washed again with TBS-T. The secondary antibodyl use
formed in 10% methanol with 3%,8, for 25 min. Wash was an anti-mouse HPR (1:1500) which was incubated
in 0.1M Tris-HCI buffer (pH 7.6-8.6) containing 1%i-  with the membrane for 90 min at room temperaturg an
ton X-100 and 4% NaCl were followed by incubationwashed. The GFAP was detected using the chemilumi-
with a primary anti-GFAP (Sigma) diluted to 1:1000 nescence ECIY (Amersham Pharmacia Biotech) and a
dilution buffer (0.01M PBS with 1% Triton X-100 and Hyperfilm™ (Amersham Pharmacia Biotech) diagnostic
10% normal serum) for 4-5 days with gentle shakiig. film.

ter wash in 0.01M PBS with 1% Triton X-100, tissues

were incubated in peroxidase-conjugated swine antResults

rabbit 1IgG (DAKO), diluted to 1:200 for 2 days &iC4 _ . _

Following preincubation in 0.03% diaminobenzidine " the brain of TinstarBombyx larva, two pairs of dorso-
(DAB, Sigma) in 0.05M Tris-HCI buffer for 1 hr af@, lateral NSCs (Fig.1A) and those GI_:AP immunoreactive
the tissues were treated with 0.03% DAB in 0.05N&-Tr CElls became more clear and large in thfeirgstar larval
HCI buffer for 5-10 min containing 0.01%,E,. After brain (Fig.1B). Four pairs of more intense GFAP wmm

rinses in 0.05M Tris-HCI buffer. tissues were endmati NOreactive cells are shown af anstar larva (Fig. 1C)
in glycerin, examined and photo'graphed. which are median neurosecretory cells. Howevers thi

GFAP immunoreactivity is decreased and disappeared
Fluorescence immunocytochemistry cells of median neurosecretory are in tieirtstar larval

This method was also followed by Park and [£@]. brain (Fig. 1D). The axons originated from thoseABF
Brains of larval stage were isolated in 0.1M PRedi in ~Immunoreactive cells passed along the edge of éne n
4% PFA for 4 hrs at°C, and washed with 80% ethanol (8 ropile toward the midline of the"3instar larval brain.

x 10 min). Additional wash in 0.01M PBS with 1% toni Whole-mount immunohistochemistry clearly showed the
X-100 (4 x 10 min) were followed, and tissues wiren overall pathway of the axons by which the immunorea
incubated with anti-GFAP (diluted to 1:1000 in QW1 tive material was transported though the brain. &kens
PBS with 1% Triton X-100 and 10% normal serum) fororginating from the four lateral NSCs are fascited,
overnight at room temperature. Tissues were ririged (Faverse the midline of the brain to enter the @ateral
0.01M PBS (5x 10min) and then incubated with swind®P€. and proceed posteriorly toward the retrogeieb
anti-rabbit IgG conjugated with Rhodamine (Signaz)4 ~ Nerve. However, axons from other stages could ®ot b
hrs at room temperature in the dark room. Tissuesew traced. Interestm%ly, all of GFAP immunoreactivals
finally washed in 0.01M PBS with 1% Triton X-100 &€ located up to"3instar larva in the median neurosecre-

(3x10 min), embedded in glycerin, examined and @hot tory area but those are scattered in theirstar larval
graphed with a fluorescence micro’scope. brain. The immunoreactive axons and their terminaise

abundantly observed between the glandular cellthef
I mmunoblotting analysis CA, while few axons were seen in the CC (Fig. 2)tHe
About 500 brains from each stageBgimbyx mori were retrocerebral nerve connecting the CC to the briain,

, . 0 ) munostainable axon was also observed. In thenstar
homogenized in 1Q@ of 2% NaCl with a glass-glass pain in particular, corpora allata contained atam

homogenizer cooled in an ice bath. The homogenate WGFAP immunoreactivity but weak immunoreactivity was
allowed to stand for 1 hr in the ice bath, heated2fmin  shown in the B instar.

in boiling water, rapidly cooled, and centrifuged a

10,000xg for 10 min. The resultant supernatant waS&FAP-immunofluorescenced astrocytes and axonsaire n
mixed with a buffer containing 2% SDS, 10% (viygl  appeared at*land 2° instar larva but firstly shown from
erol, 0.001% (w/v) bromophenol blue, and 100mM Tris 3rd instar larva. In the course of fnstar larval stages,
HCI (pH 6.8), and heated in boiling water for 4 mithis ~ GFAP immunofluorescence reactivity are not cleaidy
sample was electrophoresed according to the method tected (data not shown), comparing witA Bstar stage
Laemmli on a 12% polyacrylamide slab gel (80X70X1(Fig. 3).

mm) and then were transferred to HybBhahitrocellu-

lose membrane (Amersham Pharmacia Biotech). The ng@mponents immunoreactive to the GFAP antibodén t
trocellulose membrane containing the immobilized-pr BOMbyx brain extract were resolved by SDS-polyacryl-
teins was first blocked with non-fat dry milk (5%jus amide gel electrophoresis (PAGE) and immunblotted

BSA (1%) in Tris buffered saline containing Tween (F9- 4).
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GFAP immunoreactivity from the brain of Bombyx mori

Figure 1. Brains of Bombyx mori at each developing
stages (A) 1st instar (B) 2nd instar (C) 3rd instar (D) 5th
instar (scale bar = 5001)

Figure 2. The retrocerebral complex (CC-CA) (A) 3rd
instar (B) 5th instar GFAP immunoreactivity can be
clearly seen in both ca and axons of NCCI and NCAI.
(scale bar = 500)

»

Figure 3. GFAP-immunofluorescenced astrocytes and
axons at 3rd instar larva Strong GFAP-immureactivity
are shown from primary neuron culture.
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S1kD | -4 Eombyx GFAP-like protein

Figure 4. Immunaoblotting with GFAP protein on 3rd and
5th instar larval brains, respectively. While developing
stages, the amount of GFAP protein is decreased.

The brain extracts of each stage (500-brain eqeinal
each) were loaded and immunoblotted with the mono-
clonal antibody mouse anti-GFAP. The amount of GFAP
immunoreactivity was maximized in thé® 3nstar larva
but diminished it, approaching td"Snstar. Comparing
with two bands, there are surely difference betwsen
larval stages.

Discussion

GFAP is a classical marker for astorcytes in thielbeate
central nervous system, even though it has also bee
tected elsewhere in vertebrafes,11,19].

GFAP is not strictly confined to astrocytes in tete-
brate central nervous system. GFAP-like immunoreact
ity has been shown in enteric gJ&, Schwann cells of
unmylinated peripheral nerve fibefg,11], lens epithe-
lium [8], and Kupffer cells in the livef19]. Recently, it
was shown that GFAP is also expressed by other cell
types in CNS, including ependymal cells. GFAP Hae a
been located in rat kidney glomer[#D] and skin kerati-
nocyteg21], osteocytes of bones, chondrocy2?] and
stellate-shaped cells of the pancreas and livee Bu
various distribution of GFAP expression in varidasa-
tions, GFAP is thought to help to maintain astrecyt
mechanical strength, as well as the shape of batlsts
exact function remains poorly understood, despie t
number of studies using it as a cell marker. Iredts,
intermediate filament-like proteins were biochertica
identified within the olfactory dendrites in thetannae of
two types of silkmothf23]. More than one form of GFAP
has also been observedXenopus [24] and axolot[25],

it has been suggested that GFAP may exist in niane t
one form in animals that retain radial glia throoghlife
[25].

In the brain, GFAP did not immunoreactivity in tivaole
distributive area, rather, it was distributed india@ NSC
area only. In amphibians, localized expression BAB

in the distal portion of cells has been reportechath
adult spinal cord25] and embryonic brain [24,26,27]. In
contrast to the limited disbribution of GFAP immueac-
tivity in the brain, GFAP immunoreactivity in tiRombyx
mori was shown different amount at developing larval
stages. However, we did not shown this GFAP immuno-



reactivity in the pupal and adult stage so furstady will 4.
be necessary to investigate the correct distribwatomore
developed stages. It is interesting to speculade tie
different amount of distribution of GFAP immunoréac -
ity depends on developing stage may reflect difféaé or
specific functions. Four pairs of dorso-lateral NSaf
brain were found at3instar larval brains, suggesting that ©-
a possible release of GFAP as a neurotransmittaeof
romodulator at this site.

The distribution in thdBombyx brain-CC-CA complex of
GFAP nerves in CA might suggest that GFAP acts as a
neurotransmitter or neuromodulator that affects @#e
activity to synthesize and release the juvenilertoore, in
addition to being simply released to haemolymphmfro
CA. Furthermore, it is speculated that GFAP proidinct
from NSCs might be involved in the control of th& C o9,
activity. This also suggests that GFAP immunoredgti
produced in the brain neurons are transportedhaaak-

ons within NCC I+Il and NCA | to the corpora allateat
appears to be a main accumulation and releastositiee

GFAP immunoreactivity in some brain cells produces. 10.

We found a similar molecular weight of 51kD frdom-
byx mori brains with monoclonal antibody mouse anti-
GFAP and Paulat al. [13] confirmed 55kDa from snails.
These results suggest that GFAP has not only been c
served in vertebrate evolution, but also appedret@x-
pressed in the nervous system of some lower arftehig
invertebrate.

In this paper, we could conclude that GFAP probably
be functioned and presumed as neurotransmittereof n
romodulator in the central nervous system as veetian-
servative evolution even though there is no dimgt

dences nor related functions between vetebratesrand 13

vertebrates.
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