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transmission electron microscopy (TEM) to
further understand the neurobiology of this
crustacean. Knowledge of the morphological
aspects of the nerve system will facilitate studies of comparative histology and evolutionary
biology.
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The Chinese mitten crab, Eriocheir sinensis
(Crustacea, Decapoda, Varunidae), commonly
known as the hairy crab, is native to China and
has also spread to Europe and America.1-3 The
crab is an invasive and nonindigenous species
that destroys the local ecological balance in
Europe and America.2 In China, however, the
crab has long been served as a nutritious food
and is regarded as a delicacy.2,4 A large number
of the crabs are consumed each year in China.
Most commercial E. sinensis are farmed for
marketing and consumption. Therefore, crab
aquaculture is an important economic industry
in several provinces of southeast China.
Currently, many studies of E. sinensis focus on
artificial aquaculture techniques, prevention
of pathogenic microorganism invasion, and
gene identification.5-7 The characterization of
hematopoietic tissues of the crab have also
been reported.8 However, ultrastructural
knowledge of the organs of E. sinensis is still
very limited. In this study, the cerebral ganglia
ultrastructure of the crab was observed by
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TEM was conducted according to the methods
of Zhang et al.9 Briefly, after 12 crabs were anesthetized on ice, small pieces of cerebral ganglia
were quickly excised and fixed in 2.5% glutaraldehyde/phosphate-buffered saline (PBS) at 4°C for
24 h, and then washed three times for 5 min in
0.01 M PBS (pH 7.4). The samples were postfixed
in 1% OsO4 for 2 h, washed three times for 5 min
in 0.01 M PBS, dehydrated in a concentration
series of ethanol, and then dehydrated two times
in acetone, embedded in Spurr’s resin at 37°C for
24 h, and then at 60°C for 48 h. The specimens
were sectioned by using a LKB-V ultramicrotome
(LKB, Stockholm, Sweden), and then the sections
were stained with 1% uranyl acetate and
Reynold s lead citrate for 20 min. Finally, the
ultrathin sections were observed and photographed by a Hitachi H-600 TEM (Tokyo,
Japan).
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The Chinese mitten crab Eriocheir sinensis
is an economically important aquatic species
in China. Many studies on gene structure,
breeding, and diseases of the crab have been
reported. However, knowledge about the
organization of the nerve system of the crab
remains largely unknown. To study the ultrastructure of the cerebral ganglia of E. sinensis
and to compare the histological findings
regarding the nerve systems of crustaceans,
the cerebral ganglia were observed by transmission electron microscopy. The results
showed that four types of gliocytes, including
type I, II, III, and IV gliocytes were located in
the cerebral ganglia. In addition, three types of
synapses were present in the cerebral ganglia,
including unidirectional synapses, bidirectional synapses, and combined type synapses.

The E. sinensis were harvested from
Junshan Lake (116°32' 84'' E, 28°41' 57'' N),
in Jinxian County, Nanchang, Jiangxi
Province, China, in September 2014. This work
was approved by the Ethical Committee for
Animal Care and Use of Jiangxi Agricultural
University after relevant ethical review according to the National Institutes of Health Guide
for the Care and Use of Laboratory Animals.
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Gliocyte and synapse analyses
in cerebral ganglia of the
Chinese mitten crab, Eriocheir
sinensis: ultrastructural study

Results
Three types of synapses in the
cerebral ganglia of E. sinensis
The schematic diagrams of the three types
of synapses between neuritis of neurons in the
cerebral ganglia of E. sinensis were drawn
based on their ultrastructure (Figure 1). In the
neuropil of cerebral ganglia, three types of
synapses were observed by TEM according to
their ultrastructural characteristics. One type
of synapse, known as the unidirectional
synapse, contained classic presynaptic structures with synaptic vesicles and mitochondria,
postsynaptic structures, and synaptic clefts
(Figures 2 and 3). The other type of synapse,
the bidirectional synapses, had synaptic vesicles that were both in close proximity to the
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geminus neurites (Figures 2 and 3). Another
type of synapse, the combined type synapse,
was comprised of at least one unidirectional
synapse and one bidirectional synapse
(Figures 2 and 3). The synaptic vesicles can be
classified into two basic types, electron-dense
core vesicles and small vesicles (Figure 3).

Four types of gliocytes in the
cerebral ganglia of E. sinensis
The cerebral ganglia of E. sinensis consisted
of many axons and gliocytes. The axons were
separated by elongated cytoplasmic processes of
gliocytes, which were electron-dense gliocytes
and electron-lucent gliocytes, based on their
cytoplasmic electron density (Figure 4). The
processes of electron-lucent gliocytes contained
some vesicular structures with unit membrane
structures (Figure 5). Axons were wrapped by
glial membrane that separates neighboring
axons from one another (Figures 4 and 5).
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gliocytes contained various organelles in the
cytoplasm, such as mitochondria, Golgi complexes and peroxisomes (Figure 8). The characteristic feature of type IV gliocytes was the
presence of large and electron-dense lysosomes containing lipofuscin in the cytoplasm
(Figure 9). Type IV gliocytes were observed
adjacent to unidirectional synapses between
neurons (Figure 9).

Discussion
In previous studies, the ultrastructure of the
motor nerve terminal, stomatogastric nervous
system, nerve fibers of the protocerebral tract,
and glial cells of the central nervous system
have been investigated in various species of
crabs, such as Callinectes sapidus, Cancer
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Microtubules were present in the processes of
the gliocytes. Four types of gliocytes were present in the cerebral ganglia. Type I gliocytes
contained mitochondria, peroxisomes, small
vacuoles and abundant rough endoplasmic
reticulum in the cytoplasm (Figure 6). In type
II gliocytes, the organelles were rare, but many
small vacuoles of various sizes were scattered
throughout the cytoplasm (Figure 7). Type III
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Figure 1. Schematic diagrams of three types of synapses between neuritis of neurons in the cerebral ganglia of E. sinensis. post, postsynaptic profiles; pre, presynaptic profiles; M, mitochondrion; V, synaptic vesicles.

Figure 2. Three types of synapses including unidirectional
synapses (asterisk and P), bidirectional synapses (arrows) and
combined type synapses (dotted-line circle) in neuropil of cerebral ganglia. The close association of an internal membrane compartment (arrowhead) with the membrane of neurite. P, postsynaptic profiles; asterisk, presynaptic profiles; SV, small vesicles;
N, neurite; M, mitochondrion.
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Figure 3. The ultrastructure of neuropil containing three types of
synapses. The bidirectional synapses (arrows) with electron-dense
core vesicles (DCV)/small vesicles (SV) in both neurites. Dottedline circle lables combined type synapses. The close association of
an internal membrane compartment (arrowhead) with the membrane of neurite. P, postsynaptic profiles; asterisk, presynaptic
profiles; M, mitochondrion.
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Figure 5. The higher magnification micrograph of neuropil. The
glial processes divide axons (Ax) into compartments. The vesicular structures (V) and microtubules (mt) are present in the Ax.
DG, electron-dense gliocytes; LG, dense-lucent gliocytes; M,
mitochondrion.
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Figure 4. The neuropil in the cerebral ganglia, showing the axons
(Ax) are separated by electron-dense gliocytes (DG) and denselucent gliocytes (LG) cytoplasmic processes.

Figure 6. The type I cell contains rich rough endoplasmic reticulum (thin arrows) and two peroxisomes (Ps). N, nucleus; V, vacuoles; M, mitochondrion.

Figure 7. Type II are located in cerebral ganglia. The feature of
type II cells is that their cytoplasm containing many vesicles (V).
The nucleus is big and containing abundant euchromatin and
sparse heterochromatin. Perinuclear gap is visible. M, mitochondrion; N, nucleus.
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Figure 9. Type IV in cerebral ganglia containing typical large lysosomes (Lys) with lipofuscin (L). Electron-dense heterochromatin
is present in edge of the nucleus. Unidirectional synapses are
located nearby containing presynaptic profile with small vesicles
(asterisks) and postsynaptic profile (P). Asterisks, presynaptic
profiles. Thin arrows show glial tubular lattice clusters.
Arrowhead, a desmosome join the processes of adjacent cells. M,
mitochondrion; N, nucleus.
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a responding cells. They might play an important
role in oxygen use, fatty acid and lipoprotein
metabolism, and toxic substance deactivation.
Abundant vesicles were present in the cytoplasm
of type II cells. It is suggested that type II cells
might play an autophagy role in the cerebral
ganglia. Autophagy by vesicles plays a critical
role in cell metabolism by degrading and recycling internal components when challenged with
limited nutrients.20 The type III cells could play a
role in protein synthesis and processing based
on the presence of mitochondria and the Golgi
apparatus. The type IV cells could possess phagocytic activity because the lysosomes are present
in the cytoplasm, similar to what is found in
microglia. Additionally, glial tubular lattice were
found in the type III and IV cells. In ventral nerve
cord of the crayfish (Procambarus clarkii), the
glial tubular lattice was also observed. The tubular lattice plays an active role in adaxonal space
K+ homeostasis.21
In the present study, three types of synapses,
unidirectional, bidirectional, and combined type
synapses, were also observed in the cerebral
ganglia according to their ultrastructural characteristics. The unidirectional and bidirectional
synapses (also referred to as asymmetric and
symmetric synapses, respectively) are also present in the nervous system of some lower animals, for example, in the ring nerve of the box
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pagurus, and Ucides cordatus.10-14 Recently, the
neuronal microstructure in the central nervous
system of the female mud crab (Scylla olivacea)
has also been determined.15 However, ultrastructural knowledge of the central nervous system of
crabs is still rare. In crayfish, another crustacean, a study documented three cell types
present in the crayfish brain.16 Moreover, a
fourth cell type was identified in another study.17
In the present study, the ultrastructure of the
cerebral ganglia of E. sinensis was observed by
TEM. Four types of gliocytes were found in the
cerebral ganglia, according to their ultrastructural characteristics. The results suggested that
four types of gliocytes are present in the brain of
the crustacean. Type I cells contained various
organelles in the cytoplasm, such as the rough
endoplasmic reticulum, mitochondria, peroxisomes, and endoplasmic reticulum. The presence of these structures suggests that type I cells
are active and can play various roles. Rich rough
endoplasmic reticulum suggests they can produce a large number of proteins. Generally, peroxisomes contain various oxidases and hydrogen peroxidases, including catalase, xanthine
oxidase and urate oxidase.18 Peroxisomes can
carry out various oxidative reactions that are
tightly regulated to adapt to the changing needs
of type I cells and to varying external environmental factors.19 Therefore, type I cells might be
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Figure 8. Type III cell is present between axons/glial cytoplasmic
processes. The organelles including mitochondria (M) and Golgi
apparatus (Ga) are visible. The rough endoplasmic reticulum is
rare. Thin arrows show glial tubular lattice clusters. Ax, axon; Ps,
peroxisomes; N, nucleus; G, gliocyte.
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jellyfish (Tripedalia cystophora) and in the central nervous system of Symsagittifera roscoffensis.22,23 However, the combined type synapses are
not observed in nerves of these animals. In
Drosophila, the complex synapses (containing
two or more presynaptic profiles) also exist in
the nerve terminals.24 In this study, the dense
projections (also referred to as T-bars, presynaptic density bars, or dense bars) were not
observed in the presynaptic membranes of the
synapses. The differences in the structures of
dense projections imply a diversification of the
central structure/function theme in various
niches.25 Thus, the presynaptic membranes of
four types of synapses are not well developed in
the active zones. These finding differ from the
findings of peripheral synapses of other arachnids and crustaceans.26-28 Herein, however, an
internal membrane compartment (also referred
to as the subsynaptic cistern) was located adjacent to the inside of the axolemma. The membrane compartment is also present in myelin of
the copepod (Bestiolina similis), in brain neurons of Drosophila, and in Onychophoran
cephalic ganglia.29-31 They are thought to function as smooth endoplasmic reticulum, and
could play a role in responses to Ca2+ influx, synthesis of transmembrane proteins, and neurotransmitter release during neuronal communication.32
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