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Abstract. Rab proteins are small GTP-binding proteins and are the largest family in the Ras GTPase superfamily and mediate
vesicular transport in cells. Diverse insulin-like peptides, such as bombyxin, are synthesized in the brain and secreted into the
haemolymph by the corpus allatum (CA). In the brain of Bombyx mori, Rabs are expressed in a specific area; however, which
Rabs actually link the secretion of bombyxin remains unknown. A double-staining analysis of nine Rabs (Rab1, 3, 6, 7, 14, 21, 26,
39 and X4) and bombyxin indicated that Rab3-, Rab7-, Rab39- and RabX4-immunohistochemical reactivity (ir) areas overlapped
with bombyxin-ir in the brain and CA in B. mori, while Rab6-, Rab14- and Rab21-irs partially overlapped in the CA. Rab1-ir oc-
curred in the other immunopositive areas in CA. Rab26-ir did not occur in the brain. Rab39-ir occurred in UNC104, Rab39- effec-
tor, -immunopositive neurons in the brain and CA. Thus, Rab3, 7, 39 and X4 may regulate the exocytosis of bombyxin.

INTRODUCTION

Rab proteins belong to a large family of small GTPases
that direct intracellular vesicular trafficking (Barr, 2013; Li
& Marlin, 2015; Pfeffer, 2017). About 70 Rab GTPases are
encoded in the human genome, up to 31 in Drosophila mel-
anogaster and 11 in yeast (Brighouse et al., 2010). Each
Rab specifically targets a distinct membrane compartment,
e.g., Rabl the transport of vesicles in the endoplasmic re-
ticulum (ER) to the Golgi apparatus, Rab3 to the secretory
vesicle, Rab6 and Rab39 to the Golgi apparatus, Rab14
and Rab21 to early endosome, Rab26 to secretory gran-
ules, Rab7 to late endosomes. Active GTP-bound Rab pro-
teins, recruit their cognate Rab effectors to the membrane
surfaces, and, thereby, cooperate with the effectors to me-
diate diverse processes in intracellular membrane traffick-
ing, including vesicle formation, vesicular transport, mem-
brane tethering and fusion to target compartments (Pfeffer,
2013). For example, UNC104 interacted with Rab39 and is
a kinesin-related protein (ATPase, the Drosophila ortholog
of the kinesin-3 KIF1A), which is a motor protein (Gill-
ingham et al., 2014). UNC104 is required for transport of
ILPs along the axons of insulin-producing cells (Cao et al.,
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2014). In insects, Rab proteins participate in important cel-
lular processes, such as the immune response, autophagy,
neurotransmitter release, phagocytosis, development, fer-
tility and oogenesis (Lighthouse et al., 2008; Uytterhoeven
etal., 2011; Ye et al., 2012; Garg & Wu, 2014; Fujita et al.,
2017; Elmogy et al., 2018; Caviglia et al., 2019).

Insect neuropeptides regulate insect-specific phenom-
ena, such as development, ecdysis, feeding, metamor-
phosis and moulting. These neuropeptides are mainly
synthesized in the brain, transported via axons and finally
secreted through a neurosecretory organ such as corpus al-
latum (CA) into the haemolymph (Nassel, 2002; Heuer et
al., 2012; Schoofs et al., 2017). In vertebrates, insulin and
insulin-like growth factors are well known as key regula-
tors of metabolism, development and growth and belong to
a superfamily of structurally related proteins (Claeys et al.,
2002; White, 2002). In D. melanogaster, many biological
events, such as body size, metabolism, lifespan and repro-
duction, are controlled by insulin-like peptides (ILPs), in
particular DILP1-7 (Nassel et al., 2015; Nassel & Vanden
Broeck, 2016).
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Bombyxin is a 5 kDa peptide secreted by the brain an
an ILP found in Lepidoptera (e.g., butterflies and moths)
and comprises highly heterogeneous molecular forms (Na-
gasawa et al., 1986; Van de Velde et al., 2007). Bombyxin
monoclonal antibody immune stains four pairs of large
mid-dorsal neurosecretory cells in the brain and thick and
dense nerve fibres around the periphery of the CA (Mizo-
guchi & Okamoto, 2013). Bombyxin regulates trehalose
and glycogen metabolism (Satake et al., 1997), induces
meiosis in ovaries and its signalling is linked to nutrition in
Bombyx mori (Nagata et al., 2008; Mizoguchi & Okamoto,
2013).

In mammals, Rab proteins participate in the insulin se-
cretory vesicle fusion process. Rab3A and Rab27A have
important roles in insulin-containing granule docking
and/or priming of pancreatic B-cells (Wang & Thurmond,
2009). Rab3A—/— mice are glucose intolerant, which could
result from a significant loss in glucose-stimulated insulin
release. Similarly, Rab27A’s depletion decreased the exo-
cytosis that is triggered by a cocktail containing glucose. A
Rab2A knockdown inhibits insulin secretion (Sugawara et
al., 2014). Little is known about how insect Rab mediates
the exocytosis of ILPs

To clarify the relationship between some Rabs and neu-
ropeptide secretion, we carried out an immunohistochemi-
cal analyses of the brain of B. mori using antibodies against
Rabs. Rabl, 3, 6, 7 and 14 co-localize with bombyxin in
the brain of B. mori (Uno et al., 2013, 2016). Furthermore,
Rab3 and Rab6 co-localize with bombyxin in the CA.
There are many Rabs, which are co-localized with bom-
byxin-immunohistochemical reactivity (ir), in the brain of
B. mori, but it is unknown which Rab proteins function in
bombyxin secretion.

Therefore, the present study aimed to investigate the re-
lationships between nine Rabs and bombyxin secretion in
the nervous system of B. mori. In this study four new anti-
bodies for Rabs and Rab39-specific effector were used to
identify Rab-expressing cells, locate their regional distri-
bution and determine whether they co-localize with bom-
byxin in the brain and CA.

MATERIALS AND METHODS

Materials and insect cultures

Oligonucleotides were purchased from Invitrogen (Tokyo,
Japan). The other chemicals used were of the purest grade com-
mercially available. We used hybrids (Kinshu x Showa or Daizo,
p50 strains) of B. mori. Day 5 fourth-instar larvae were used in
all of the experiments.

Purification of B. mori UNC 104, Rab21, 26 and 39,
and the production of antiserum

The cDNA fragments containing the coding sequences of B.
mori Rab21 (NCBI Reference Sequence. XM 038011422),
Rab26 (NCBI Reference Sequence. XM_004923206) and Rab39
(NCBI Reference Sequence XM 004930649 ) were generated
by reverse transcriptase-PCR (RT-PCR) using oligonucleotides
and then separately sub-cloned, and their sequences analysed
using a DNA Sequencer. The partial cDNA fragment of the car-
boxy terminal region of UNC104 (NCBI Reference Sequence
XM 021348078), which interacted with Rab39, was isolated and
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analysed. Primers used for Rab21, Rab26, Rab39 and UNC104
are

5'-GGATCCATGACTACTACGACTGGAGGTGC-3",
5-TTAGGAACTCCTGTGTCCTGAACAGC-3",

5"-GGATCC ATGTGGAATCCGAATATGGATAAC-3’,
5-TAAACTTATGTACATGGCGGACACGATG-3",
5’-GGATCCATGGTCGATCCGATATTTGATTAT-3",
5'-CTAACAGCACGTTGAGTGTACAGCTTCTGCT-3',
5’-GGATCCTACATCACGCTCAGCGCTTACCTC-3’,
5'-TCACGGGTTGATCGCGTACAGCCAGTCGTG-3".

The fragment was inserted into expression vectors [pColdIl
(Takara Shuzo, Kyoto, Japan ) or pPGEX6P-2 (GE Healthcare UK
Ltd, UK)]. The expression of B. mori Rab proteins and UNC104
in E. coli (BL21 strain) and their purification were performed as
previously described for other B. mori Rab proteins (Uno et al.,
2014). The carboxy terminal region of UNC104 was used as an
antigen.

Antisera to Rabs and UNC104 of B. mori were generated in a
rabbit or rat. The sera were isolated and tested for the presence
of anti-B. mori Rab antibodies using western immunoblotting.
Antisera against Rabl, 3, 6, 7, 14, X4 and bombyxin of B. mori,
and the GST-B. mori Rab proteins, were obtained as previously
described (Uno et al., 2007).

Western immunoblotting and immunohistochemistry

Western blotting and immunohistochemistry were done as
described previously (Uno et al., 2019). In western blotting, the
membrane was incubated with the appropriate primary antibody
as follows: anti-Rab serum (1 :2,000). The membrane was then
washed, followed by incubation with the secondary antibody,
peroxidase-conjugated goat anti-rabbit IgG (1 : 2,000), (Fuji-Film
Wako chemicals, Miyazaki, Japan). After washing, proteins were
detected using the peroxidase-staining DAB kit. (Nakalai Tesque
Inc, Kyoto, Japan).

Insect heads or 15-12 brains were fixed (24 h at 4°C) in Bouin
fluid (saturated picric acid, formalin and acetic acid at 15:5: 1 by
volume). Standard histochemical methods were used for tissue
dehydration (ethanol 80-100% and xylene), embedding in para-
plast, sectioning (8-pm-thick sections), deparaffinization (xylene)
and rehydration (ethanol 70-100%).

After blocking, sections of the insect heads were incubated in
phosphate buffer with the primary antibodies, anti-Rab rabbit
serum (1:500), anti-UNC104 rat serum (1:500) and anti-bom-
byxin mouse IgG (1 : 500). After washing, the sections were incu-
bated with 7.5 pg/ml of a secondary antibody, donkey anti-mouse
or anti-rat IgG (H+L)-CF555 and goat anti-rabbit IgG (H+L)-
CF488 (Biotium Inc. Hayward, CA, USA). After washing and
mounting, the sections were examined using a BX50 microscope
(Olympus Corp., Japan) equipped with BX-FLA reflected light
fluorescence and WIG and NIBA mirror/filter units. Three to five
individuals were used in each immunocytochemical experiment.
The excitation wavelength and emission range in WIG mirror/
filter units were 520-550 nm and above 580 nm, respectively.
In control experiments, the primary antibodies were replaced
with the pre-immune rabbit serum. No significant staining was
observed above the background level. Further the bleed-through
of fluorescence was checked by imaging single stained samples
through both filter/mirror units (WIG and NIBA). In both cases
no significant staining was observed. Fig. 6 presents the percent-
age of immunopositive cells in sections of CA.

RESULTS

Antibodies against Rabs of B. mori

Antibodies produced against Rab21, 26 and 39 of B. mori
specifically recognized the protein band corresponding to
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Fig. 1. Immunoblot analysis of the anti-Rab antibodies (Rab21, 26 and 39). Lane 1, 4, 7, 10,13 and 16, GST-BRab21. Lane 2, 5, 8, 11,14
and 17, GST-BRab26. Lane 3, 6, 9, 12,15 and 18, GST-BRab39. Lane1-3, anti-BRab21 antibody staining. Lane 4-6, anti-BRab26 an-
tibody staining. Lane7-9, anti-BRab39 antibody staining. Lane 10-18, antibody-positive antigen used as the primary antibody (control).
Expected sizes of fusion proteins were 45-46 kDa.

the position of the purified partial Rab of B. mori (Fig. 1, Rab is present in specific neurons in the brain

Lanes 1, 5 and 9). Control experiments (the addition of  of B. mori

the antigen and primary antibody together) did not detect Atnti-Rab39 and anti-Rab3 detected a restricted area in

staining above background levels (Fig. 1, Lanes 10-18). a set of neurons in the pars intercerebralis (PI), (Fig. 2d
and 3j). Anti-Rabl, -Rab6, -Rab7, -Rabl4, -Rab21 and

merge

merge

Fig. 2. Co-localization of Rab immunoreactivity (Rab1, 3, 6 and 7) and bombyxin immunoreactivity in the brain of Bombyx mori. Rab1 (a),
3 (d), 6 (g) and 7 (j) immunoreactivities were visualized using CF™488A (green fluorophore). Bombyxin immunoreactivity was visualized
using CF™555 (red fluorophore) in the same images (b, e, h, k and n, respectively). Arrowheads indicate Rab-positive and bombyxin
-positive cells. Rab3 (f) and Rab7 (I) -immunopositive cells were identical to bombyxin-immunopositive cells. Scale bar: 100 ym. Control,
m and o.
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Fig. 3. Co-localization of Rab immunoreactivity (Rab14, 21, 26, 39 and X4) and bombyxin immunoreactivity in the brain of Bombyx mori.
Rab14 (a), Rab21 (d), Rab26 (g) Rab39 (j)and RabX4 (m) immunoreactivities were visualized using CF™488A (green fluorophore).
Bombyxin immunoreactivity was visualized using CF™555 (red fluorophore) in the same images (b, e, h, k and n, respectively). Rab39
(I) and RabX4 (o) -immunopositive cells were identical to bombyxin-immunopositive cells. Rab14 and 21-immunopositive cells were par-
tially identical to bombyxin-immunopositive cells (c and f, respectively; arrowheads). Rab26-immunopositive cells were not identical to

bombyxin-immunopositive cells (i). Scale bar: 100 ym.

-RabX4 detected restricted areas in a set of neurons in the
PI and dorsolateral protocerebrum (DP) (Figs 2 and 3).
Anti-Rab26 detected a restricted area in a set of neurons in
the DP (Fig. 3g).

Rabs are present in the bombyxin-secretory
neurons in the brain

Anti-bombyxin detected a restricted set of neurons in the
PI area (Fig. 2b). Double-labelling experiments showed
that Rabl-, Rab3-, Rab6-, Rab7-, Rab14-, Rab21-, Rab39-
and RabX4-irs occurred in bombyxin-immunopositive

Bombyxin merge

Bombyxin merge

neurons (Figs 2 and 3, arrowheads). Florescent images in
Figs 23 show that only Rab3 and 39 occur exclusively in
bombyxin cells in the brain (Fig. 2f and 31; arrowheads)
and all other Rabs are found in additional “non-bombyxin”
neurons. Rab26-ir did not occur in areas of bombyxin-ir
(Fig. 30).

Rabs are present in the bombyxin-secretory
neurons in axons of the CA

Double-labelling experiments showed that Rab3-, Rab7-,
Rab39- and RabX4-ir occurred in axonal projections of

Bombyxin merge

Bombyxin merge

Fig. 4. Co-localization of Rab immunoreactivity (Rab1, 3, 6 and 7) and bombyxin immunoreactivity in the corpus allatum of Bombyx mori
Rab1 (a), 3 (d), 6 (g) and 7 (j) immunoreactivities were visualized using CF™488A (green fluorophore). Bombyxin immunoreactivity was
visualized using CF™555 (red fluorophore) in the same images (b, e, h and k, respectively). Rab3-and Rab7-immunopositive cells were
almost identical to bombyxin-immunopositive cells (f and |, respectively; arrowheads). Rab1-immunopositive cells were not identical to
bombyxin-immunopositive cells (c). Scale bar: 100 ym.
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Fig. 5. Co-localization of Rab immunoreactivity (Rab14, 21, 39 and X4) and bombyxin immunoreactivity in the corpus allatum of Bombyx
mori. Rab14 (a), 21 (d), 39 (g), X4 (j) immunoreactivities were visualized using CF ™488A (green fluorophore). Bombyxin immunoreactivity
was visualized using CF ™555 (red fluorophore) in the same images (b, e, h and k, respectively). Rab39- and RabX4-immunopositive cells
were almost identical to bombyxin-immunopositive cells (i and |, respectively; arrowheads). Rab14- and Rab21-immunopositive cells were
partially identical to bombyxin-immunopositive cells (c and f, respectively; arrowheads). Scale bar: 100 ym.

bombyxin-immunopositive neurons in the CA (Figs 4 and
5). Using anti-Rab6, -Rab14 and -Rab21, immunohis-
tochemistry detected only in a part of axonal projections
of the bombyxin cells (Figs 4 and 5). The percentage of
Rab-ir cells to bombyxin-immunopositive cells is shown
in Fig. 6. The patterns of Rab3-, Rab7-, Rab39- and Ra-
bX4-ir cells are similar to that of bombyxin-ir cells (Figs
4f, 41, 5i and 5I; arrowheads). More than 60% of Rab3-,
Rab7-, Rab39- and RabX4-ir cells are bombyxin-ir cells
(Fig. 6). Rab6-, Rab14- and Rab21-ir partially occurred in
a part of bombyxin-immunopositive neurons (Figs 41, 5¢
and 5f), but not Rab1-ir (Fig. 4c). Rabl immunoreactivity
was not detected in axons of the bombyxin-ir cells in CA,
despite the fact that Rabl was detected in cell bodies of
bombyxin cells. These results indicate that Rab3, 7, 39 and
X4 are involved in secretion of bombyxin from CA into the
haemolymph.

(%)
100

90
80
70
60
50
40
30

20

Rab1 Rab8 Rab14  Rab21 RabX4 Rab3 Rab7 Rab39

Fig. 6. The percentage of Rab-immunopositive cells that were
stained by bombyxin-antibody in the corpus allatum of Bombyx
mori. The y axis is the percentage of cells identified by the Rab
antibody that were stained with bombyxin antibody. Each value is
the mean of three measurements. The statistical analysis was per-
formed using the Tukey-Kramer method and Scheffe’s F-test.

Rab39-ir occurs in UNC-104-ir neurons in the brain
and CA

UNCI104 is a kinesin-related protein (ATPase), the Dros-
ophila ortholog of the kinesin-3 KIF1A, is a motor pro-
tein. UNC104 is required for ILPs transport of the insulin-
producing cells in the brain of D. melanogaster (Cao et
al., 2014). And Drosophila Rab39 interacts with UNC104.
Double-labelling experiments showed that Rab39-ir oc-
curred in UNC104-immunopositive neurons in the brain
and in axons of CA (Fig. 7). Their presence suggests a pos-
sible role in the secretion of bombyxin.

DISCUSSION

Rab proteins are master mediators of vesicular mem-
brane trafficking of endocytic and exocytic pathways, pri-
marily recruiting proteins and lipids required for vesicle
formation, docking and fusion (Pereira-Leal & Seabra,
2001; Schwartz et al., 2007; Stenmark, 2009). Distinct Rab
GTPases localize to different membrane compartments
in order to determine the specificity and directionality of
membrane trafficking pathways, mostly related to vesicu-
lar transport (Pylypenko et al., 2018).

Insulin and insulin-like peptides (ILPs) regulate numer-
ous functions in insects including growth, development,
carbohydrate metabolism and female reproduction. These
neuropeptides are synthesized in specific neurosecretory
cells, transported along the axons and secreted from the
corpus allatum (CA) into the haemolymph. CA is a neu-
roendocrine organ together with the associated nerves,
which synthesize juvenile hormone (Tobe & Pratt, 1974).
CA functions as a neurohemal organ for hormones synthe-
sized in neurosecretory cells in the brain (Siga, 2003).

We tried to clarify the relationship between Rabs and
bombyxin secretion using double-staining immunohisto-
chemistry of the brain and CA of B. mori. Our results show
that Rab3-ir, Rab7-ir, Rab39-ir and RabX4-irs were co-lo-
calized with bombyxin-ir in the axons of the CA. Of them,
Rab39-ir fully overlapped with bombyxin-ir in the axons
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merge

Fig. 7. Co-localization of Rab39 and UNC-104 immunoreactivities in the brain and corpus allatum of Bombyx mori. Rab39 immunoreactiv-
ity was visualized in the brain and corpus allatum using CF ™488A (green fluorophore; a, and d, respectively). UNC-104 immunoreactivity
was visualized in the same tissues using CF™555 (red fluorophore, b and e, respectively). Rab39 immunoreactivity occurred in UNC104-

immunopositive neurons (c and f). Scale bar: 100 ym.

of CA. This suggests that Rab39 mainly mediates the trans-
port of bombyxin from the brain into the haemolymph.

The members of the Rab3 protein subfamily are the
most abundant small GTPases in the brain. They are highly
expressed in neurons where they specifically localize to
synaptic vesicles and determine the efficiency of neuro-
transmitter release in neurons (Kittel & Heckmann, 2016).
Probably Rab3 mediates the release of bombyxin from the
axons of CA directly into the haemolymph.

Rab7, a small GTPase of the Rab family associated with
both the endosome and lysosome, has been investigated
extensively and facilitates endosomal maturation, transport
from the late endosome to the lysosome, and positioning
of the endosome and lysosome via regulating their move-
ment along cytoskeletons. In addition, Rab7 is involved in
governing multiple trafficking processes including the bio-
genesis of the lysosome, phagosome, autophagosome and
other lysosome-related organelles (Schwartz et al., 2007;
Wang et al., 2011; Hyttinen et al., 2013). Rab7 may func-
tion in degradation of bombyxin in the brain and CA during
starvation. Actually, there is an increase in the amount of
Rab7 in the brain during starvation (data not shown).

D. melanogaster Rab X4 is enriched in the neuropil of
neurons (Dunst et al., 2015) and exhibits a synapse-specific
localization (Chan et al., 2011; Jin et al., 2012).

The use of D. melanogaster dominant-negative Rab con-
structs previously led to the identification of two Rab pro-
teins (Rab5 and RabX4) involved in the internalization of
rhodopsin and TRPL (the homolog of the transient receptor
potential (trp)-like ion channel) from rhabdomeres to cells
(Oberegelsbacher et al., 2011). RabX4, as well as Rab5,
are essential for this process, which is related to endocyto-
sis. Furthermore, D. melanogaster RabX4 did not co-local-
ize with cysteine-string proteins, which are enriched in the
synaptic vesicle, but it did co-localize with Rab11, which
mediates the transport of recycling endosomes (Chan et al.,
2011). These results suggest that RabX4 does not directly
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function in exocytosis, but is involved in the recovery of
bombyxin from the haemolymph by the CA.

Rab39 is specifically expressed in the neuronal cells in
the brain, as determined by qRT-PCR and in situ hybridiza-
tion analyses (Giannandrea et al., 2010). In hippocampal
neurons, Rab39 appears to localize to the Golgi complex as
well as endosomes, and shRNA-mediated knockdown of
Rab39 can reduce the number of growth cones at the neu-
ronal terminal as well as synapse formation. In addition,
Drosophila Rab39 interacts with UNC104, the Drosophila
ortholog of the kinesin-3 KIF1A. UNC104 is required for
neurite development and transporting insulin-like peptide
along the axons of insulin producing cells. Rab39-ir oc-
curred in the UNC104-ir in the brain and axons connecting
the corpus cardiacum to the CA. Rab39 and UNC104 may
mediate the transport of synaptic vesicle containing bom-
byxin from the brain to the CA.

Rab6-ir, Rab14-ir and Rab21-ir were localized in a part
of axonal connections with bombyxin cells in the CA.
Rab6 has been implicated in the function of intra-Golgi
apparatus trafficking (Martinez et al., 1994) and exocytic
transport to the plasma membrane (Grigoriev et al., 2007).
Rab14 has been found to localize to the Golgi apparatus
and rough ER compartments and to early endosome (Junu-
tula et al., 2004) and is an important protein that mediates
the interaction of phagosomes with early endocytic com-
partments and participates in the transport of endocytosing
GLUT4 through early endosomes towards TGN (Reed et
al., 2013; Okai et al., 2015). Rab6 and Rab14 may function
in secretion of many neuropeptides containing bombyxin.
Rab21 is located in early endosomes of human Hela cells
(Simpson et al., 2004) and participates in endosomal traf-
ficking of bl-integrins (Pellinen et al., 2008). As Rab21-ir
was also detected in the other neurons of bombyxin-pro-
ducing cells in the brain, Rab21 may function in the secre-
tion of other neuropeptides.
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Rabl proteins are involved in several cellular signalling
pathways that include nutrient signalling (Thomas et al.,
2014), Notch signalling (Charng et al., 2014), cell migra-
tion (Wang et al., 2010) and autophagy (Wang et al., 2015).
Rab1-ir overlapped bombyxin-ir in the brain, but Rab1 was
detected in cell bodies but not in the axons of bombyxin
cells in the CA. Rabl mediates ER to Golgi apparatus and
intra-Golgi trafficking through different effectors. Rabl
may function in the transport from ER to Golgi apparatus
in the brain, but does not function in the transport from the
Golgi apparatus.

Rab26 did not overlap with bombyxin cells in the brain.
In neurons, Rab26 is enriched in synaptic vesicles and
adorns a subset of synaptic vesicles that have undergone
recycling (Binotti et al., 2015). Overexpression of constitu-
tively active Rab26 causes the appearance of large intracel-
lular vesicular aggregates containing synaptic vesicle pro-
teins such as synaptobrevin and Rab3. Rab26 may function
in the transport of the other neuropeptides.

There are many Rab effectors that mediate the motility
of organelles and vesicles; and contribute to the specific-
ity of membrane traffic (Grosshans et al., 2006). Further
studies are in progress to determine whether these effec-
tors co-localize with Rab3, Rab7, RabX4 and Rab39 in the
bombyxin producing cells in the brain and CA of B. mori.
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