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Ultrastructure of Egg Micropyles and Zona Radiata
in Three Aquaculitural Teleosts
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Ultrastructure of the zona radiata and the micropyle of ripe eggs in the rainbow
trout (Oncorhynchus mykiss), catfish (Silurus asotus) and loach (Misgurnus anguilli-
caudatus) were examined by light, scanning and transmission microscopes. The egg
micropyle of rainbow trout and catfish consists of a funnel-shaped vestibule and a
tapered canal transversing the zona radiata. The micropyle of rainbow trout and
catfish showed the similar structure with flat pit and long canal. The micropylar
wall showed the clockwise spiral structure in rainbow trout. The micropyle of the
loach showed the type with a hollow pit leading into a short canal and the
micropylar wall showed the counterclockwise spiral structure. There are numerous
and various size pores at the surface area around the opening in every experi-
mented fish. Interconnecting ridges were observed in the unfertilized eggs of every

fish.
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Introduction

Ripe eggs of oviparous teleosts are covered
with thick envelopes termed zona radiata or
chorion. In most teleosts, the eggs usually have
one micropyle and the canal of which is as nar-
row as the diameter of the sperm head. Only the
first spermatozoon reaching the micropyle can
come directly into contact with the zona radiata
of the egg (Brummett and Dumont, 1979; Hart
and Donovan, 1983; Iwamatsu et al., 1993; Yoon
et al., 1996). However, average 7 micropyles are
restricted to a 100~ 200 um region at the animal
pole and penetrate the zona radiata of eggs in
the white sturgeon, Acipenser transmontanus.
Their outer opening measures 15 um in diameter
(Cherr et al., 1982). The zona radiata ultrastruc-
ture surrounding the distal and proximal micro-
pyle openings, the size of the openings and the
shape of the canal differ between species. The
micropyles and the surface pattern of fish eggs

form important characteristic criteria for identi-
fication of different teleosts (Dumont and Bru-
mett, 1980; Iwamatsu and Ohta, 1981; Hart and
Donovan, 1983; Guraya, 1986; Kim et al., 1993;
Kim, 1998). This study was carried out to inves-
tigate the ultrastructural characteristics of the
surface pattern and the micropyles of eggs in the
rainbow trout (Oncorhynchus mykiss), catfish
(Silurus asotus) and loach (Misgurnus anguilli-
caudatus) were observed by light, scanning and
transmission microscopes.

Materials and Methods

Ripe female rainbow trout (Oncorhynchus my-
kiss), catfish (Silurus asotus) and loach (Misgu-
rnus anguillicaudatus) were collected from the
rearing tank (Kunsan National University, Kun-
san) under the normal environmental conditions.
Mature and unfertilized eggs were released from
the ovarian lumen into freshwater. Unfertilized
eggs was prepared by squeezing 2~ 3 testes in 50
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ml Ringer’s solution in a glass beaker. For trans-
mission electron microscopy studies, the egg
specimens were fixed in 2.5% glutaraldehyde,
buffered with 0.1 M PBS, pH 7.2, for 2 hrs at 4°C
and postfixed in 2% osmium tetroxide in the
same buffer for 2 hrs at room temperature, de-
hydrated by graded series of ethanol, and em-
bedded in Epon 812. Semithin sections of unfer-
tilized egg, and testes stained with 1% toluidine
blue dye were used to locate the cortical granu-
les, and then semithin sections dyed were exa-
mined by light microscope (Olympus, Japan). Su-
bsequently, ultrathin sections were obtained
from the same block by ultramicrotome (No.
2088, LKB, Bromma, Sweden), and The sections
were picked up on copper grids and double-
stained with aqueous 5% uranyl acetate and lead
citrate solution, and examined by a transmission
electron microscope (ISI-LEM 2000, Jeol, Japan)
operated at 70kV.

For SEM observations, 2.5% glutaraldehyde-
fixed eggs and spermatozoa were attached to
coverslips, washed in 0.1 M phosphate-sucrose
buffer, postfixed in 2% osmium tetroxide, and
dehydrated by graded series of ethanol and iso-
amyl acetate. The samples were then critical
point dried with CO; in a Balzers CPD 030, and
coated with 25 nm gold-palladium in a ion coater
(Hitachi, Japan). The observations were made
using by a scanning electron microscope (Hitachi,
Japan) operated at 20kV.

Results and Discussion
Rainbow trout egg

The micropyle consists of a funnel -shaped ves-
tibule and a tapered canal transversing the zona
radiata in rainbow trout (Fig. 1). The micropyle
of the rainbow trout egg showed the type of a flat
pit and long canal (Riehl, 1980). This micropyle
could classified to the type II which was distin-
guished by Guraya (1986), and measured appro-
ximately 180 um at the distal opening, 20 um at
the proximal opening and tapers from 8.2 um to
1.3 um as it penetrates the zona radiata (Figs. 1B
and C). The 16 pm micropyle proximal opening in
pink salmon (Oncorhynchus gorbuscha) egg is
surrounded by an area of protrusion and the fun-
nel-shaped canal tapers to 2 um at its terminal
structure (Stehr and Hawkes, 1979). Since the
diameter of the inner micropylar aperture in the
egg this fish is slightly larger than the size of its
sperm head, the block to polyspermy is consider-

ed to be mechanical and guaranteed by the mor-
phological design of the micropyle (Iwamatsu and
Ohta, 1981; Hart and Donovan, 1983; Yoon et al.,
1996). The proximal opening of micropyles of
eggs in the white sturgeon, Acipenser transmon-
tanus measures 15 ym in diameter. The micro-
pylar final canal contacting the oolemma tapers
to 1.2 um in the diameter (Cherr et al., 1982). The
surface of the tapered micropylar canal is cover-
ed with numerous short microvilli (MV) and
short projections, approximately 0.5~2.5 um in
height (Fig. 1B). The projections are impressions
of the egg microvilli in the envelope membrane.
It is thought that these structures represent
folds in the zona radiata and serve as reservoirs
of extravitelline material needed for the rapid
and marked expansion of this layer at fertiliza-
tion. Interconnecting ridges were present in the
surface of unfertilized egg (Figs. 4B, 5B, arrow-
head) (Ohta et al., 1983; Iwamatsu et al., 1993).
Numerous short microvilli with irregular slug-
like shapes covered the surface in Fundulus
heteroclitus (Brummett and Dumont, 1979) and
Oryzias latipes (Iwamatsu and Ohta, 1981).
There were observed adhesive materials attrac-
ting the spermatozoa around micropyle of the
egg surface (Fig. 1B) (Dumont and Brumett,
1980; Iwamatsu and Ohta, 1981; Yoon et al.,
1996). The inner surface of the egg immediately
underlying the zona radiata was similar to the
structure of the bamboo basket (Fig. 5). The spi-
ral pattern of the folds in the micropylar wall
was observed in rainbow trout. The micropylar
wall showed the clockwise spiral structure (Fig.
1C). The rotation direction of spermatozoa enter-
ing the micropyle in medaka (Oryzias latipes)
were did not correspond to the counterclockwise
spiral structure of the micropylar wall (Iwamatsu
et al., 1993). Immediately upon fertilization by a
sperm, the cortical granules begin to fuse with
the vitelline membrane so as to release their con-
tents into the zona radiata. The cortical granule
material released by the egg interacted with the
vitelline membrane material to produce the ferti-
lization membrane (zona radiata) (Tegner and
Epel, 1973; Kim et al., 1993).

The helicoidal structure in the zona radiata
was seen in rainbow trout (Fig. 4C). The zona
radiata was an three-layered structure: the out-
er homogeneous layer, the intermediate multi-
lamellar and less dense layer, and the inner deep
dense layer(Kim et al., 1993). The perivitelline
space surrounding unfertilized oocytes contained
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an extracellualr matrices comprising granules
and microvilli (Fig. 8B). This matrix was identi-
cal to the granule previously described in the
extracellular space of the corona radiata and
zona pellucida(Dandekar and Talbot, 1992). A
region of egg surface beneath the micropyle show-
ed numerous large irregular massess and glo-
bular cortical granules 30 seconds after insemi-
nation (Figs. 9B, C).

Loach egg

The micropyle of the loach egg showed the type
with a hollow pit leading into a short canal (Figs.
2C, 10B). The micropyle of the loach egg may
belong to the type I which was distinguished by
Guraya (1986). The micropylar depth becomes
very shallow due to a reduction in the thickness
of the inner layers of the zona radiata. The spiral
pattern of the folds in the micropylar wall was
observed in loach (Fig. 2C). The micropylar wall
showed the counterclockwise spiral structure
(Figs. 2C, 11A). This spiral direction did not
correspond to that of rainbow trout (Fig. 1) and
corresponded to that of medaka (Iwamatsu et al.,
1993). There were numerous microvilli having
trapping materials attracting the spermatozoa in
the vicinity of the outer opening of a micropyle
(Fig. 11B). The possibility that there is an inti-
mate relationship between sperm behavior and
the structure of the micropyle has recently been
reported by some investigators (Brummett and
Dumont, 1979; Iwamatsu et al., 1993; Yoon et al.,
1996).

Catfish egg

The micropyle in the egg of consists of a funnel
-shaped vestibule and a tapered canal transver-
sing the zona radiata in catfish (Fig. 3). The mi-
cropyle showed the structure with flat pit and
long canal (Fig. 3B). This micropyle could classi-
fied to the type II which was distinguished by
Guraya (1986). The structure of micropyle in this
fish species corresponds to that of micropyle in
medaka and rainbow trout (Iwamatsu et al.,
1993). The micropyle canal in the eggs measures
approximately 24 pym at the distal opening, Sum
at the proximal opening. The inner diameter of
the micropyle tapers from 5 um to 1.8 um as it
penetrates the zona radiata (Fig. 3C). The micro-
pyle of the catfish egg appears more complex
than that of loach.
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Figures

Figs. 1A, B. and C. (A) A micropylar apparatus and the egg surface beneath the inner opening of the micropyle of an
unfertilized egg in rainbow trout. (B) The shallow funnel-like structure of the outer opening. (C) The wider distal
micropylar opening leads into a canal which tapers to an aperture just large enough to permit entry of a single
sperm. MC : micropylar canal. Scale bar=150 um (A), 8.6 um (B) and 2 um (C).

Figs. 2A, B and C. Scanning electron microscophs of the micropylar region of an unfertilized egg of loach. (A) The canal
opening situated in the bottom of the depression is surrounded by a slightly raised lip. (B) The shallow funnel-like
structure of the outer opening. (C) The conical depression or vestibule is devoid of chorionic fibrils. MC : micropylar
canal. Scale bar=30 um (A), 20 pm (B) and 4.3 um (C).

Figs. 3A, B and C. Scanning electron microscophs of the micropyle in egg envelope of catfish. (C) The surface
surrounding the outer opening have many small pores. M : micropyle. Scale bar=150 pm (A), 30 pm (B) and 12 pm
©).

Figs. 4A, B and C. (B) High-power view of the boxed area in 4A. Note the interconnecing ridges in the outer surface of
the zona radiata. (C) The zona radiata has numerous pore canals. ES:egg surface, H:hexagon wall of envelope,
S:subfollicular space, ZR : zona radiata. Scale bar=10um (B) and 17.6 um (C).

Figs. 5A and B. Note the microtrabecular appearance of branches and holes. (A) The inner surface of the zona radiata
revealed a bamboo basket organization. The filaments form generally a tight meshed network. Note the presence of
a homogeneous fine network of filaments. (B) At high magnification note that filaments appear as a bead on a
string structures (arrowheads). GF : gelatin fibre, IEM : interconnecting extracellular matrices. Scale bar=7.5 um
(A) and 2.5um (B).

Figs. 6A and B. (A) The secondary zona radiata shows a spongy surface. (B) The inner surface of the secondary zona
radiata has a very fine microtrabecular appearance. The filaments form a large meshed network. Scale bar=10 ym
(A) and 3.0 pm (B).

Figs. 7A and B. (A) The zona radiata divided into three layers; the inner deeply dense, the intermediate less dense and
the outer homogeneous. Three margin lines of the zona radiata in the fertilized oocytes is different from that of
mature oocytes. (B) A higher magnification of Fig. 7A. Scale bar=4 um(A) and 1 pm (B).

Figs. 8A and B. (A) Scanning electon micrograph of the vitelline membrane showing the irregular and circular microvilli
and cortical granules in rainbow trout. (B) A higher magnification of the vitelline membrane. MV : microvilli. Scale
bar=1,200 um (A) and 300 pm (B).

Figs. 9A and B. (A) A region of egg surface beneath the micropyle showing numerous large irregular massess and
globular cortical granules 30 seconds after insemination. (B) A higher magnification of Fig. 9A. (C) Note the
breakdown of the cortical granules beneath the fertilization membrane. CG:cortical granules, IM : irregular
masses, MV : microvilli. Scale bar=150 pm (B) and 120 um (C).

Figs. 10A and B. Photomicrographs (LM) of vegetal pole (A) and animal pole (B) of a mature egg showing a micropyle in
loach. There was a polarity in the distribution of different sized cortical granules in the egg of Misgurnus
anguillicaudatus, showing to the distinct gradient in the structural organization of the egg cortex from the site of
sperm entry to the vegetal pole. x400(A), x 320 (B).

Figs. 11A and B. (A) A micropyle and the egg surface in the vicinity of the outer opening of the micropyle of an
unfertilized egg in loach. The shallow funnel-like structure of the outer opening. (B) Note the microvilli having
trapping materials attracting the spermatozoa in the vicinity of the outer opening of a micropyle. Scale bar=60 um
(A) and 7.5 um (B).
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