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Photo. 1. Scanning electron mlcrograbh of attach-

ing filament (AF) in the ripe egg, extending from MICfEoEEEEM T 5. 1. & 1M 100 4m),
the surface of egg envelope. Short and long AF 2. B2 (0300um), 3. HE3H (#7600 xm),
are seen. Freeze drying method. X200. 4. B4 (#9800 xm), 5. HE5 (W1.1mm).

e

Photo.2. Scanning electron micrograph of the
neck segment (NEC) and the terminal segment
(TER) of AF in a higher magnification. Bundle

of microtubules in NEC is covered with the ridge Photo. 3. Transmission electron micrograph of
which is continuous connection with the outer longitudinal section of the terminal segment of
layer of egg envelope. Critical point drying AF. Numerous microtubules are tightly packed

method. x5,000. in parallel with the axis of AF. x42,000.
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Photo. 4. Transmission electron micrograph of transverse section of the terminal segment of AF.
Numerous microtubules are embedded in the amorphous material. Electron dense particles of
about 50 A in diameter are seen on the wall of the tubules. A dense material of about 100 to 200

R in diameter is seen in the center of the tubules.

X 60,000.
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Photo.5. Rotation diagrams of microtubules; n=
11 (a), n=12 (b), n=13 (c), n=14 (d) and n=15 (e).
Round particles (dots) appear at n=13 and n=
14, x400,000.
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Photo. 6. Photomicrographs of developmental
follicles stained by toluidine blue, during the
oogenesis of the medaka. 6a: Stage 1 follicle.
Note the round nucleus (N) and numerous
nucleoli. x1,200 6b: Stage 2 follicle. Note the
appearance of AF and egg envelope (E). Nuclear
membrane is undulated and nucleoli are vacuo-
lated. Yolk granules, cortical alveoli and lipid
droplets appear in the ooplasm. % 1,200, 6¢:
Stage 3 follicle. Numerous AF are observed in
the intercellular space along the follicular
epithelial cells. Many of cortical alveoli (CA)
are deposited in the entire oocyte. x300. 6d:
Stage 4 follicle. Note the thick egg envelope (E)
and central yolk mass. Various size of
numerous yolk granules, cortical alveoli and of
lipid droplets are packed in the cortical ooplasm.

x1,200. 6e: Stage 5 (ripe unfertilized egg).
Cortical alveoli (CA) are linearly arranged in the
thin cortex of ooplasm. Yolk granules fuse into
the central yolk mass. Egg envelope and AF can
not be seen, because they have been removed
before the fixation. X1,800.
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Photo.7. Follicle in the biginning of stage 2.
Electron dense material deposits on the micro-
villus projection of the oocyte (O), under which
ektoplasm (EK) of the oocyte is observed. FC,
follicular epithelial cell. x20,000.

Photo. 8. Follicle in the biginning of stage 2.
Electron dense material deposits on the protoru-
sion of the oocyte (0). Microvilli are not seen in
this region. FC, follicular epithelial cell. X
18,000.

Photo.9. Follicle in the middle of stage 2.
Electron dense material deposits among the
microvilli. The material grows to form the
outer layer of the egg envelope (OE). AF
appears in the region shown in photo. 8, and
extend from under left to upper right in this
photograph. FC, follicular epithelial cell; O,
oocyte. X 7,200.
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e 1

Photo. 10. Longitudinal section of the neck
segment (NEC) and basal segment (BAS) of AF in
the late of stage 2. Cup like BAS which consists
of fine granular material, is located in the
subside of the oocyte. x10,000.

Photo. 11. Oblique section of AF. The envelope
of neck segment (NEC), basal segment (BAS) of
AF and the outer layer of the egg envelope (OE)
are densely stained only by the block-staining of
phospho-tungstic acid. X 60,000.
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Photo. 12.  Oocyte in stage 3 follicle. Outer layer (OE) and inner layer (IE) of the egg envelope
appear. Dense cored vesicles (Cored V) and bristle coated vesicles (Coated V) are scattered in the
cortical cytoplasm of the oocyte (O). X 20,000.

f

Photo. 13. Golgi complex in the oocyte of stage 3. Numerous vesicles are pinched off from the
well developed rough surfaced endoplasmic reticulum. The Golgi vesicle contains electron dense
material  x20,000

0, 7 5

Photo. 14. Golgi complex (G) in the follicular epithelial cell of stage 3. Nmerou Golgi vesicles are

pinched off from the Golgi complex. Crystal-vesicles (CRV) are scattered near the Golgi
area. Xx21,000.
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Photo. 15. Crystal-vesicles (CRV) and coated
vesicles are located beneath the cell membrane.
Terminal segment of AF (TER) comes in contact

with CRV. % 36,000.
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Photo. 16. Numerous vesicles which contain
electron-dense material, appear in the follicular
epithelial cell just before the ovulation, while
CRYV can not be observed. x23,000.
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Photo. 17. Several profiles of crystal structures seen in electron micrographs of thin sections of AF
(a) and CRV (b-d) and their optical diffraction patterns (insets). The optical diffraction patterns
are obtained from the circle areas in the electron micrographs (a, X20,000; b, X60,000; ¢, x60,
000; d, X100,000). Inset (a) shows a hexagonal pattern, inset (b) a diffraction pattern of bundle
of filaments, inset (c) a rhombohedral pattern and inset (d) a hexagonal pattern.
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Photo. 18. Oocyte in stage 3 follicle treated with saline injection (control). X 14,000.

Photo. 19 to 23. Follicular epithelial cell 19 hr after treatment with vinblastine sulfate. Photo. 19
is a cross-sectioned vinblastine-tubulin crystal (X 16,000). Photo. 20 shows a cross-sectioned (left)
and longitudinally sectioned (right) vinblastine-tubulin crystal (X21,000). Photo. 21 is an obliquely
sectioned vinblastine-tubulin crystal (X 42,000). Photo. 22 is a longitudinally sectioned vinblastine-
tubulin crystal ; numerous microfilaments are arranged and the interfilamentous space is about 300
& in width (% 36,000). Photo.23 shows a longitudinally sectioned vinblastine-tubulin crystal;
parallel arrays of microfilaments 300 A apart are seen. This micrograph indicates that these
microfilaments are rows of beads of about 100 A in diameter. Numerous vesicles and CRV are
situated near this crystal. X 34,000.
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Fig.1. Diagramatic representation of the develop-
ment of attaching filament (AF). AF is compos-
ed of basal, neck and terminal segments during
the early oogenesis. Basal segment of AF conti-
nues to the inner layer of the egg envelope during
the late oogenesis, and disappears in the ripe egg.
A: Appearance of the outer layer of egg en-
velope (OE, see C) in the AF locus. B: Thicken-
ing of the outer layer of egg envelope (OE, see C)
in the AF locus. C: Protrusion of the ridge of
the outer layer of egg envelope (OE) and forma-
tion of neck segment of AF (NEC) by deposition
of microtubules. D: Appearance of both the
basal segment of AF (BAS) and the inner layer of
egg envelope (IE). E: Disappearance of the
basal segment of AF (BAS) and thickening of the
inner layer of egg envelope (IE). MV, micro-
villi; O, oocyte.
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Fig. 2. Diagramatic representation of the structure and development of attaching filament (AF).
Numerous crystal-vesicles (CRV) are pinched off from the Golgi complex of the follicular epithelial
cell. Contents of CRV are discharged in the intercellular space by the exocytosis and participate -
to the formation of AF. Smooth surfaced and cored vesicles (Cored V) and bristle coated vesicles
(Coated V) are scattered in the cortex of ooplasm. The contents of cored vesicles constitute the
egg envelope. C, centriole ; FC, follicular epithelial cell ; G, Golgi complex ; IE, inner layer of egg
envelope ; M, mitochondria; MV, microvilli; N, nucleus ; NEC, neck segment of AF; O, oocyte ;
OE, outer layer of egg envelope ; RER, rough surfaced endoplasmic reticulum ; TER, terminal

segment of AF.
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Abstract

The ovarian follicular development and the ultrastructure of attaching filaments (AF) of the
medaka (Oryzias latipes) have been investigated by the scanning and transmission electron
microscopy, using the technique of the rotation analysis of microtubule, optical diffraction, and
vinblastine treatment. The egg envelope is composed of a granular outer layer and a fibrous inner
one and produced during the oogenesis from the smooth-surfaced vesicles of 100 to 200 nm in
diameter, which have a dense core and have been derived from the Golgi complex of the oocyte.
AF are conical and filamentous projections attached to the outer layer of the envelope, and
composed of basal,neck and terminal segments during oogenesis. The basal segments of AF are
made up of fine granular materials as a hemispherical projection, but fuse into the inner layer of
egg envelope during late oogenesis, and disappear in the ripe egg. The neck segments of AF are
covered with a cylindrical ridge of the outer layer of the egg envelope. The neck and terminal
segments of AF are composed of closely packed numerous microtubules which are about 220 A
in diameter. In transverse sections, the wall of the microtubules shows 13 or 14 granular sub-
units which are about 50 A in diameter. In longitudinal sections,on the other hand, there ap-
pears a linear row of granules in the microtubules. These granules are tubulin molecules which
are protein in nature and are embedded in electron-dense amorphous material to form the wall of
microtubules. The microtubules of AF are produced in the follicular epithelial cells during
oogenesis. The precursors of the microtubules appear as crystal-vesicles (CRV) derived from the
Golgi complex in the follicular epithelial cells. Vinblastine-tubulin crystals are produced in the
follicular epithelial cells after intraperitoneal injection of vinblastine sulfate. This indicates that
the follicular epithelial cells contain a large amount of tubulin molecules during normal oogene-
sis.



