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Abstract: For the study of the reproductive mechanism
associated with the process of vitellogenesis, oocyte
development and vitellogenesis during oogenesis in female
Boleophthalmus pectinirostris were investigated by electron
microscopic observations. The ovary consists of a pair of
saccular structures with many ovarian lobules. In the early
vitellogenic oocyte, the Golgi complex plays an important
role leading to the formation of yolk vesicles containing
carbohydrate yolks. At this time many pinocytotic vesicles
containing yolk precursors are observed in the cytoplasm
near the region of initial formation of the zona radiata. In the
late vitellogenic oocytes, the multivesicular bodies, which
are formed by modified mitochondria, are involved in the
formation of the primary yolk granules. Precursors of yolk
granules and multivesicular bodies develop to primary yolk
globules with participation of pinocytotic vesicles. After
primary yolk globules mix with each other, they develop into
secondary and tertiary yolk globules. Based on these
findings, vitellogenesis of B. pectinirostris occurs by way of
the processes of endogenous autosynthesis and exogenous
heterosynthesis. The process of autosynthesis involves the
combined activity of the Golgi complex, mitochondria, and
multivesicular bodies. However, the process of heterosynthesis
involves pinocytotic incorporation of extraovarian precursors
into the zona radiata of vitellogenic oocytes by way of the
thecal cell layers and granulosa cells.
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INTRODUCTION

The mudskipper, B. pectinirostris, is distributed along the

coasts of Korea, China, and Japan (Chyung, 1977; Kim et

al., 2005). In Korea, this species is mainly found in the

restricted intertidal zone of the southern and western coasts,

and it is among the edible fishes of commercial importance.

In particular, it is well-known that the spawning period of

this species is from June to August, and the hibernation

period in the mud is from November to early April (Chung

et al., 1991a). Due to the recent sharp reduction of the

standing stock, the fish has been noted as a possible object

organism for commercial aquaculture. For the propagation

and reproduction of natural living resources, it is important

to understand the reproductive biology associated with

oocyte development and vitellogenesis during oogenesis

except for the hibernation period of this species. Thus far,

comprehensive ultrastructural studies of teleost fish oogenesis

by electron microscope observation in Korea have been

reported for a relatively small number of species, mainly

those of economic importance, including Agrammus

agrammus (Chung and Lee, 1985), Kareius bicoloratus

(Jun, 2003), and Hexagrammos otakii (Kang et al., 2004).

Many previous studies have been conducted on the Korean

and Japanese mudskippers, B. pectinirostris, and have

considered aspects of reproduction, including sexual

maturation (Chung et al., 1991a), spawning behavior by

artificial maturation (Dotsu and Nakano, 1982), as well as

aspects of ecology, including distribution of juvenile and

young stage fish (Igita, 1985; Yuzuriha and Koga, 1990), fish

production, distribution, and growth (Onohara, 1980),

ecology and life history (Ryu et al., 1995) and age-specific

growth (Washio et al., 1991; Jeong et al., 2004). Studies have
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also considered aspects of physiology, including the activity

of the hepatic cells and biochemical contents of the liver

tissue (Chung et al., 1991b; 1992), aspects of aquaculture,

including artificial propagation (Koga et al., 1989a, b, c;

Noda and Koga, 1990a, b), and aspects of morphology

(Ryu, 1979) of B. pectinirostris. Although the reproductive

ecology of this species has been investigated by several

authors, little information is available on the ultrastructural

characteristics of various oocytes by developmental stages

of oocytes and vitellogenesis during oogenesis by electron

microscopic observations. Understanding oocyte development

and vitellogenesis during oogenesis will provide important

information on reproductive mechanisms such as the

process of vitellogenesis. Therefore, the main purpose of

this study is to describe and understand oocyte development

and the process of vitellogenesis during oogenesis of this

species.

MATERIALS AND METHODS

Specimens of the female mudskipper Boleophthalmus

pectinirostris were collected monthly by sea fishing at the

intertidal zone of Suncheon Bay, Jollanam-do, Korea, from

April to November 2006. A total of 84 female fish ranging

from 14.1 cm to 16.0 cm in total length (the size at 100% of

sexual maturity regarded as two years old (Chung et al.,

1991a)) were used for the present study.

For production of tissue specimens for TEM observations

of ovarian structure of B. pectinirostris, excised pieces of

the ovary were cut into small pieces, and a fixation was

made in 2.5% glutaraldehyde-2% paraformaldehyde (0.1 M

cacodylate buffer, pH 7.5) for 2 h at 4oC. A full rinsing was

made by three times of repetition at around 30 minutes

interval with 0.1 M cacodylate buffer (pH 7.5), and a fixation

was made in 2% osmium tetroxide (0.2 M cacodylate

buffer, pH 7.5) for 90 min. at 4oC. Tissue fragments after a

fixation were dried via ethanol, transposed with propylene

oxide, and embedded in an Epon-Araldite mixture.

Ultrathin sections of Epon-embedded specimens were cut

with glass knives on a Sorvall MT-2 ultramicrotome at a

thickness of about 80-100 nm. Tissue sections were

mounted on collodion-coated copper grids, doubly stained

with uranyl acetate followed by lead citrate, and ultrathin

sections were observed with a JEM 100 CX-2 (100kv)

electron microscope.

RESULTS

Ultrastructure of the ovary

The internal structure of the ovary of B. pectinirostris is

similar to those of other teleosts. The ovary is located along

the vertebrae at the mid-dorsal side of the body cavity, and

occupies approximately one-third of the standard body

length. The ovary is composed of a pair of saccular structures

with a number of ovarian lobules; two separated ovaries

(right and left lobes) are asymmetrical and covered with the

connective fibrous membrane, which is filled with a

number of blood vessels on the fibrous connective tissue. A

number of developing oocytes, mature oocytes, and

degenerating oocytes are present in ovarian lobules in the

ovary. However, morphologically, structural changes of the

ovary vary during the different developmental stages of the

oocytes.

Ultrastructures of oocytes and vitellogenesis during

oogenesis, the granulosa cells, and thecal cells

Based on the ovarian development and morphological

characteristics of oocytes, granulosa cells, and thecal cells

by electron microscopic observations, three distinct stages

of oogenesis of B. pectinirostris can be classified in

oocytes: (1) previtellogenic stage, (2) vitellogenic stage,

and (3) mature stage.

In addition to the oocyte developmental stages during

oogenesis, vitellogenesis in the oocytes during oogenesis

and the ultrastructures of granulosa cells and thecal cells

associated with vitellogenesis are investigated. Ultrastructural

characteristics of oocytes, the granulose cells, and thecal

cells with the oocyte developmental stages during oogenesis

are as follows:

Previtellogenic stage: The previtellogenic stage is the

previous stage of vitellogenesis. As the oogonia enter into

the first prophase of meiotic division, they develop into

previtellogenic oocytes. Previtellogenic oocytes (20-45 µm

in diameter) are oval in shape, and contain a large chromatin

nucleolus in the nucleus. At this stage, mitochondria and

several intermitochondrial cements are concentrated around

the perinuclear region in the cytoplasm. However, microvilli

on the vitelline envelope of the oocyte, the granulosa cells

and thecal cells are not present (Fig. 1). The nuclei and

cytoplasms of previtellogenic oocytes increase in number

and volume. When oocytes reach about 150-200 µm in

diameter, several nucleoli appear along the nuclear

envelope of the oocyte. A number of oval mitochondria and

several intermitochondrial cements appear in the cytoplasm

near the nuclear envelope. At this time, the vitelline

envelope of the oocyte is surrounded by a single layer of

granulosa cells (Figs. 2, 3).

Vitellogenic stage: As the further development of

previtellogenic oocytes proceeds, oocytes develop into

vitellogenic oocytes. As a matter of convenience, the

vitellogenic stage can be divided into the early and late

vitellogenic stages according to some of the characteristics

of oocyte development. In the early vitellogenic stage, in

particular, the Golgi complex is also recognizable in the
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cytoplasms of the early vitellogenic oocytes (approximately

200-300 µm in diameter), and are usually located in the

vicinity of vacuoles, mitochondria, and several yolk

vesicles that are filled with a number of glycogen particles

(Fig. 4). At this stage, vitellogenesis begins in the early

vitellogenic oocytes. In the early vitellogenic oocytes,

particularly upon the initiation of yolk formation, several

lipid droplets and a number of mitochondria appear in the

cytoplasm, and the accumulation of substances forming the

zona radiata appear around the vitelline envelope. At this

time, a number of pinocytotic vesicles appear in the

ooplasm near the formation of the zona radiata (vitelline

envelope) of the early vitellogenic oocyte (Fig. 5). The zona

radiata is newly formed by the accumulation of presumably

proteinaceous substances in the vesicles (Fig. 6). When the

oocyte grows to about 300 µm in diameter, several

mitochondria and proteinaceous substances with high

electron-density appear in the granulosa cell cytoplsms, and

a developing zona radiata can be observed between the

ooplasm and granulosa cell. As the growth of the oocyte

proceeds, the cytoplasm is filled with yolk vesicles and

proteinaceous substances with high electron-density near

the zona radiata (Fig. 7). When oocytes reach a diameter of

about 300-350 µm, the yolk vesicles increase in number

and size, and the oocyte becomes surrounded by prominent

granulosa cells and thecal cells. A prominent basement

membrane measuring 0.2-0.3 µm in thickness lies beneath

the thecal cell layer. A granulosa cell surrounding the

vitelline envelope contains an elongated nucleus and

several large mitochondria and a number of endoplasmic

reticula in the cytoplasm. More specifically, a number of

presumably proteinaceous substances and a large quantity

of glycogen particles, endoplasmic reticula, and large

vacuoles (spaces) appear near a number of pits of well-

developed zona radiata of the early vitellogenic oocyte. At

this time, a large quantity of glycogen particles and a

number of exogenous substances (proteinaceous

components) appear near the pits of the zona radiata. These

substances in the cytoplasm of the granulosa cell pass into

the ooplasm through the pits of the zona radiata of early

vitellogenic oocytes (Figs. 8, 9). In the late vitellogenic

oocytes (about 350 µm in diameter), thecal cells are

arranged in two rows: (1) internal thecal cells and (2)

external thecal cells. In particular, red blood cells

containing prominent nuclei appear in an inner thecal cell

near the basement membrane and the granulosa cell. At this

time, the late vitellogenic oocyte cytoplasm contains a few

yolk vesicles and a number of lipid granules near the zona

radiata (Fig. 10). When oocytes grow to about 400-500 µm

in diameter, the granulosa cell (containing an elongated

nucleus), well-developed internal thecal cell layer, and

external thecal cell layer appear on late vitellogenic oocytes

(Fig. 11). When later vitellogenic oocytes grow to about

500-600 µm in diameter, the contour of the cytoplasmic

mitochondria (about 0.4 to 0.6 µm in diameter) is modified

during the period of the mitochondrial modification. The

cristae of the mitochondria almost disappear due to their

contours (Fig. 12). The several modified mitochondria form

a group of the same type of modified mitochondria. A

greater portion of a group of modified mitochondria is

enclosed within a double limiting membrane, but the

duality of the limiting membrane is lost in some sites. In

particular, the matrix of each modified mitochondria forms

a homogeneous granule showing high electron density (Fig.

13).

A group of several modified mitochondria forms a small

or large multivesicular body that appears near the rough

endoplasmic reticulum in cytoplasm. These multivesicular

bodies are almost spherical or oval in shape, 0.6-1.5 µm in

diameter, and are usually enclosed by a discontinous

membrane (Fig. 14). In the late vitellogenic oocytes, a

multivesicular body and precursors of yolk globules appear

to develop into the primary yolk globules. At this time, a

number of yolk precursors showing relatively low electron

density appear near the primary yolk globule. These yolk

precursors are round or slightly oval in shape, with an

uneven and discontinuous limiting membrane. The primary

yolk globules were round or oval shape, and measure about

1.7-2.0 µm in diameter. The matrix in the primary yolk

globule has high electron density and a homogeneous

distribution of fine particles (Fig. 15). Thereafter, the

secondary yolk globules gradually increase in size (tertiary

yolk globules), and are crystallized in the yolk globule.

Thereafter, they occupy most of the cytoplasm of oocyte,

and the pits in the zona radiata appear, while microvilli in

the zona radiata disappear (Fig. 16).

Maturation stage: When oocytes reach over 650-750 µm

in diameter, accumulation of yolk substances is completed.

The outer layer of the zona radiata is closed, and the thecal

cell layers and granulosa cells become separated from the

zona radiata of mature oocytes. In the mature oocytes, a

fully ripe mature yolk globule is composed of three

components: (1) the main body, (2) the superficial layer,

and (3) a limiting membrane. In particular, a large mature

yolk globule contains two or more main bodies with high

electron density and irregular form. The main body having

a crystalline pattern is surrounded with a superficial layer,

and the superficial layer is encircled by a limiting

membrane (Fig. 17). At this time, highly electron dense

protein substance droplets appear between the inner and

external thecal cell layers. The protein droplets may be

composed of a kind of protein-lysis enzyme that is present

prior to ovulation of mature or ripe oocytes (Fig. 18).
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DISCUSSION

The ovaries of teleost fishes can be classified into two basic

conditions by the anatomical deposition of the germinal

tissue: 1) the gymnovarian condition and 2) the crystovarian

condition (Jun, 2003; Kang et al., 2004). The ovary

structure of B. pectinirostris is classified as being in the

crystovarian condition, as seen in K. bicoloratus (Jun,

2003) and H. otakii (Kang et al., 2004). The ovary of B.

pectinirostris is separated into right and left lobes, which

Figs. 1-7. Transmission electron micrographs of oogenesis in female Boleophtalmus pectiniroastris. 1. A previtellogenic oocyte (PVO), with an
oocyte having a chromatin-nucleolus (NU) in the nucleus (N). 2. A previtellogenic oocyte (PVO) and the granulosa cell (GRC), with oocytes
having nucleoli (NU) in the nucleus (N) and a few intermitochondrial cements (IMC) in the perinuclear region in the cytoplasm. 3. An
intermitochondrial cement (IMC) in the cytoplasm of the previtellogenic oocyte (PVO). 4. An early vitellogenic oocyte (EVO), thecal cell layer
(TCL), a basement membrane (BM) and the granulosa cell (GRC), with yolk vesicles (YV) near the Golgi complexe (G) and mitochondria (M) in
cytoplasm. 5, 6. Early vitellogenic oocytes (EVO) and the granulosa cells (GRC), with glycogen particles in the yolk vesicle (YV) near lipid
droplets, mitochondria and occurrence of several pinocytotic vesicles (PV) under the initial formation of the zona radiata near the granulosa cell.
7. An early vitellogenic oocyte (EVO) and the granulosa cell, with a number of yolk vesicles (YV) at the cortical region under the zona radiate
(ZR) near the granulosa cell (GRC).
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are asymmetric in shape. The internal structure is composed

of a number of ovarian lobules.

Chung et al. (1991a) reported that the reproductive cycle

in female B. pectinirostris could be classified into four

stages: growing stage (April to May), mature stage (June to

July), ripe and spent stage (June to August), and recovery

and resting stage (August to March). In particular, this fish

has the hibernation period from late November to early

Figs. 8-15. Transmission electron micrographs of oogenesis in female Boleophtalmus pectiniroastris. 8, 9. Early vitellogenic oocytes (EVO) and
thecal cells (TC), with a number of exogenous substances (ES) in the granulosa cells (GRC) passing into the ooplasm (containing yolk vesicles)
through the pits (PT) of the zona radiata. 10. A late vitellogenic oocyte, external thecal cell (TE), internal thecal cell (TI) and the granulosa cell
(GRC), with red blood cells (RBC) in the internal thecal cell and lipid droplets in the ooplasm under well-developed zona radiata. 11. A late
vitellogenic oocyte (LVO), the external thecal (TE) and internal thecal cells (TI) and granulosa cell (GRC), with a number of mitochondria (M)
under the well-developed zona radiata (ZR). 12. A late vitellogenic oocyte (LVO), with a number of modified mitochondria in the cytoplasm. 13.
Late vitellogenic oocytes LVO), with a number of modified mitochondria by the modification of the cristae of mitochondria in the cytoplasm. 14. A
late vitellogenic oocyte, with a multivesicular body (MVB) which is formed by several modified mitochondria (MM) in the cytoplasm near the zona
radiata (ZR). 15. A late vitellogenic oocyte, with a primary yolk globule formed by the multivesicular body and a number of yolk precursors (YP)
(exogenous substances).
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April. At this time the gonad developmental stage of this

species was the recovery and resting stage, and yolk

globules in the oocytes were degenerated or absorbed.

However, the activity and accumulation of yolk formation

in the vitellogenic oocytes began to increase in mid-April

and reached a maximum between June and July when

seawater temperatures were high and day length was

relatively long. Thereafter, they spawned ripe eggs in the

mud from June to August, and then yolk substances in

undischarged oocytes were degenerated or absorbed from

July to November when seawater temperatures gradualy

decreased and day length was short.

In the early developmental stage of oocytes, in particular,

intermitochondrial cements appear in the cytoplasms of

previtellogenic oocytes with a large chromatin nucleolus in

the nucleus or several nucleoli around the nuclear envelope.

This characteristic has also been observed in K. bicoloratus

(2003) and H. otakii (Kang et al., 2004). However, Chung

(2008) also reported that the intermitochondrial cement

appears in the primary and secondary spermatogonia during

spermatogenesis in male B. pectinirostris. Based on these

results, we can be certain that intermitochondrial cements

appear in the cytoplasms of previtellogenic oocytes and

spermatogonia during early developmental stages. Billard

(1984) described that mitochondrial groupings are associated

with intermitochondrial cement, while Toury et al. (1977)

reported that RNA and protein are the major constituents of

the cements, and the majority of proteins present in the

cement are destined to be incorporated into clustered

mitochondria. It is, therefore, assumed that intermitochondrial

cement is associated with the propagation of mitochondria

and mitochondrial groupings at the early developmental

stage. In previtellogenic oocytes, several nucleoli appear

around the nuclear envelope. The nucleolus is composed of

two components, loosely packed fine granules and fibrous

components. Miller (1962; 1966) stated that these two parts

contain RNA and protein. Synthesis and accumulation of

RNA takes place in the loose and granular portion of the

nucleolus. Therefore, it is assumed that metabolism might

be active at this time. In this study, several large vacuoles

appeared near the Golgi complex in the cytoplasm of

previtellogenic oocytes. We believe that these large

vacuoles were formed by Golgi vacuoles of the Golgi

complex. Regarding the formation of the yolk vesicle,

previous studies have been conducted on H. otakii (Kang et

al., 2004) and K. bicoloratus (Jun, 2003). In this study,

several yolk vesicles appeared near large vacuoles or

vesicles in the cytoplasm of early vitellogenic oocytes. As

shown in Fig. 19, large vacuoles formed by the Golgi

complex gave rise to yolk vesicles. Thus, it is assumed that

the Golgi complex plays an important role leading to the

formation of yolk vesicles containing carbohydrate yolks in

early vitellogenic oocytes of B. pectinirostris. Judging from

observations, it is assumed that the well-developed Golgi

Figs. 16-18. oogenesis and degenerating thecal and granulosa cells in Boleophtalmus pectiniroastris. 16. A late vitellogenic oocyte, with the
secondary yolk globules (SYG) and tertiary yolk globules (TYG) under the well-developed zona radiata (ZR). 17. A mature oocyte, with mature
yolk globule (MYG) being composed of three parts: 1) main body (MB), 2) superficial layer (SL), and 3) limiting membrane (LM). 18. Just before
ovulation, degenerating thecal cell layers (DTC) and granulosa cells on a mature oocyte, with several proteinaceous substances (PS) (hydrolytic
enzymes) between external thecal (TE) and internal thecal cells (TI).
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complex and mitochondria in the cytoplasm of early

vitellogenic oocytes are involved in the formation of lipid

droplets in the cytoplasm, and are also involved in the

occurrence of initial zona radiata on the vitelline envelope

through the process of autosynthetic vitellogenesis. At this

time, a number of pinocytotic vesicles appeared in the

cytoplasm near the basal region of the zona radiata. Pinocytotic

vesicles were subsequently filled with exogeneous extraovarian

substances that moved from granulosa cells through the

process of heterosynthetic vitellogenesis. As shown in Fig.

19, vitellogenesis of B. pectinirostris occurred by way of

endogenous autosynthesis and exogenous heterosynthesis;

vitellogenesis occurred through a process of autosynthesis,

involving the combined activity of the Golgi complex,

mitochondria, and the multivesicular bodies formed by

modified mitochondria, and the process of heterosynthesis

involved pinocytotic incorporation of extraovarian precursors

(such as vitellogenin synthesized in the liver) into the zona

radiata (by way of follicle cell layers) of vitellogenic oocytes.

Also shown in Fig. 19, two morphologically different

bodies, which were formed by modified mitochondria and

yolk precursors, appeared in late vitellogenic oocytes

during vitellogenesis: these were the multivesicular bodies

(intermediate product of the first process) and yolk

precursors (intermediate product of the second process)

(Gupta and Yamamoto, 1971). The multivesicular bodies

were transformed into the primary yolk globules, while

yolk precursors were connected with exogenous pinocytotic

vesicles near the zona radiata. After the pinocytotic vesicles

were taken into yolk precursors, the yolk precursors were

transformed into the primary yolk globules, which have

also been reported in Carassius auratus (Gupta and

Yamamoto, 1971). For B. pectinirostris, modified mitochondria

formed the multivesicular body and yolk precursor of the

yolk globule, which became the primary yolk globule, and

finally formed mature yolk globules by way of the secondary

and tertiary yolk globules. Therefore, it is assumed that

multivesicular bodies and yolk precursors probably have a

common origin in the mitochondria and a common fate of

transfer into primary yolk globules (Gupta and Yamamoto,

1971) (Fig. 19).

Kang et al. (2004) reported that a number of follicle cell

projects stretched into pits of the zona radiata of

vitellogenic oocytes during vitellogenesis, while the pits of

the zona radiata of mature oocytes were closed. In this

study, a number of well-developed microvilli of the zona

radiata were projected into granulosa cells during vitellogenesis.

However, in mature oocytes, the zona radiata was very

thick, and microvilli of the zona radiata of mature oocytes

disappeared in the maturation stage. It is assumed that

Fig. 19. A schematic diagram showing the process of vitellogenesis in female Boleophtalmus pectiniroastris.
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various nutrients could not move into the zona radiata of

mature oocytes due to the closure of the pits. Based on

these findings, our results were in agreement with those of

Kang et al. (2004). Raven (1961) stated that yolk materials

can be separated into three main components by their

chemical nature: (1) carbohydrate yolk, (2) fatty yolk, and

(3) protein yolk. In general, the protein yolk appears after

the formation of carbohydrate yolk and fatty yolk. Protein

yolk formation takes place most actively during the late

stage of vitellogenesis. This finding agrees well with the

results of our study. Many researchers have reported that, in

general, a mature yolk globule of most fishes is composed

of three components: (1) the main body, (2) the superficial

layer, and (3) a limiting membrane (Chung and Chang,

1995; Jun, 2003; Kang et al., 2004). These findings were

confirmed easily in the mature yolk globules of mature

oocytes in the present study (Fig. 19).
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