
AN ABSTRACT OF THE THESIS OF

LOUISE GELLER CHATLYNNE for the DOCTOR OF PHILOSOPHY
(Name) (Degree)

in Zoology presented on OCACANIZ"
(Major) (Date)

Title: AN ULTRASTRUCTURE STUDY OF OOGENESIS IN THE SEA

URCHIN, STRONGYLOCENTROTUS PURPURATUS

Abstract approved:
Redacted for Privacy

Paijcia Harris

Oogenesis in the sea urchin Strongylocentrotus purpuratus was

studied at the fine structural level, with special emphasis on the rela-

tionship between the two main cell types within the ovary: the egg cells

and the nutritive phagocytes, or accessory cells. The nutritive

phagocytes are flagellated cells with extensive pseudopods which store

nutrients that are supplied to the growing oocytes and which alSo

phagocytize degenerating eggs and cellular debris.

Several aldehyde fixatives at various pH were compared with the

best overall results obtained from formaldehyde-gluteraldehyde with

a phosphate buffer at pH 7.0 and 0. 45 M sucrose followed by osmium

postfixation.

Oogenesis can be divided roughly into several stages, character-

ized by certain structural features. The oogonial phase eggs are about

5 p.m in diameter and occur in tightly packed clumps near the ovarian



wall. During synapsis the chromosomes become very dense and

synaptenemal complexes are obvious. In the post synaptic phase,

the cytoplasm of the oocyte becomes much denser, large invagifiations

occur in the oolema, and the number of pores in the nuclear membrane

increases. As the oocyte enters the premicrovilli growth phase, it

separates from the oogonial clump and becomes surrounded by the

nutritive phagocytes or their pseudopods. Yolk and cortical granule

formation begins early in this period. Before any Golgi complexes are

seen, a finely granular, membrane bound yolk is formed. Later, after

Golgi complexes are apparent, a second type of yolk, the yolk platelet,

is formed which is made up of subunits and becomes much more numer-

ous than the granular yolk. During this phase the oolema forms narrow

invaginations and bulbous pseudopods. As the elongated egg reaches a

size of roughly 15 x 30 p.m, finger-like extentions, for which the

microvilli growth phase is named, appear on the surface. Often these

microvilli i.nterdigitate with pseudopods of the nutritive phagocytes.

Bordered pits indicative of pinocytosis can be seen on the surface of

the oocytes, while large membrane-bound vesicles containing

amorphous material aggregate in the cytoplasm near the oolema.

Golgi complexes appear more compact as the egg attains its final size

of 60 - 70 m in diameter. During the period of transition from

oocyte to ovum, the eggs separate from the nutritive phagocytes and

their microvilli become very elongated. With the breakdown of the



germinal vesicle the microvilli become shorter, but the cortical

granules remain randomly scattered in the cytoplasm. The ovum

is characterized by the presence of the pronucleus and cortical

granules at its surface, the appearance of heavy bodies and yolk

nuclei in the cytoplasm, and formation of the vitelline membrane.

Two types of ova can be distinguished in the ovary, based on their

difference in electron density.
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AN ULTRASTRUCTURE STUDY OF OOGENESIS IN THE SEA
URCHIN STRONGYLOCENTROTUS PURPURATUS

I. INTRODUCTION

The sea urchin egg increases its size from about 5 t.im to 60-

70 p.m in diameter, over the course of its development from an

oogonium to an ovum ready to be fertilized (Chatlyn.ne, 1969; review

Piatogorsky, 1971). During this time many inclusions accumulate i.n

the cytoplasm; the number of ribosomes i.ncreases about 100 times,

while the number of mitocho.ndria increases about 50 times (Verhey

and Moyer, 1967). In addition, orga.nelles that were not present i.nthe

oogonium such as yolk platelets, cortical granules, large membrane

bound vesicles containing amorphous material, a.n.nulate lamellae,

and heavy bodies are formed and accumulated.

Cortical granules lie immediately under the oolema of the unfer-

tilized ovum and take part i.n the fertilization reaction (E.ndo, 1961a and

b; review Run.nstrOm, 1966). According toAnderso.n (1968) the cortical

granules in Arbacia pu.nctulata arise by the pinching off and subsequent

coalescence of vesicles from the Golgi apparatus. This view is sup-

ported by Bal (1970a) who found similar specific substances, stai.ned

by phosphotu.ngstic acid, in the Golgi apparatus, adjacent miniature

cortical granules, a.nd in fully formed cortical granules. Ru.nnstrso'm

(1966) examining Brissopsis lyrifera, characterized them as being

co.nde.nsations of amorphous areas of the cytoplasm that only
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secondarily obtain membranes from the endoplasmic reticulum.

This is supported by Verhey and Moyer (1967) who have not found

membranes around cortical granules of A. punctulata. Tsukahara

(1970), studying several species of Japanese urchins, has suggested

that material obtained by pinocytosis at the surface of the oocyte

co.ntributes to cortical granules as well as to the yolk.

Similarly, several hypotheses for the origin of the yolk have

been proposed. Afzelius (1956) indicated that it may be formed by

the coalescence of Golgi vesicles; although, in the smallest oocytes

observed he saw yolk that bore no topographical relation to the

dictyosomes and therefore concluded that this yolk must arise by

some other means. Formation from the Golgi is supported by Celi,

D'Este and Teti (1967), who found that the yolk precipitated silver

in the same ma.nner as the Golgi. Since ribosomes were seen attached

to the membranes of the yolk platelets, Verhey and Moyer (1967)

have postulated that the yolk is accumulated in the cister.nae of the

rough endoplasmic reticulum. Another hypothesis is put forth by

Celi et al (1967) who suggest that the yolk forms from an aggregation

of ribonucleoprotein particles. Mitocho.ndrial type DNA has been

found in yolk platelets (A.nderson, 1969; Piko, Tyler and Vinograd,

1967 and 1968), and this raises the possibility that yolk may be

formed by the transformation of mitochondria.
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Large vesicles i.n A. pu.nctulata and A. lixula are referred to

as pigment vacuoles by Verhey and Moyer (1967) and Millonig, Bosco,

and Giamberto.ne (1968), because they contain echi.nochrome which is

removed during the fixation and embedding process. The origin of

these vesicles has not been discussed.

In a wide variety of sea urchi.ns, oocytes nearing the end of

vitelloge.nesis have been reported to contain yolk nuclei (Bal et al,

1968; Millonig et al, 1968; and Verhey and Moyer, 1967), and they

are often still present in ova (Afzelius, 1957). Actually, they very

rarely contain any identifiable yolk, but are a complex of mitochondria

a.nd a semicircular stack of flatte.ned sacs of endoplasmic reticulum

(review N'revong, 1968).

Other features of the echinoderm egg are annulate lamellae

which are double membranes containing a.nnulae and are morphologi-

cally identical to the nuclear membrane, but appear free in the

cytoplasm (review Kessel, 1968a). Bal et al (1968) showed that they

arise in A. pu.nctulata by the infolding of the nuclear membrane.

In most echinoderm species studied annulate lamellae appear during the

end of vitelloge.nsis (Afelius, 1955; Kessel, 1966 and 1968b; Merriman,

1959; and Verhey and Moyer, 1967); however, Millonig et al (1968)

saw them only rarely in oocytes.

Millonig et al (1968) reported a similar occurrence for heavy

bodies which are aggregations of granules the size of ribosomes, are



4

associated with annulate lamellae, and are thought to originate at

the surface of the pro.nucleus of the ovum (Afzelius, 1957; review

Harris, 1969; and Sanchez, 1968). Unlike Millo.nig et al (1968),

most workers have mentioned heavy bodies only i.n connection with

ova (Afzelius, 1957; Bal et al, 1968; and Verhey and Moyer, 1967).

In addition to the developing egg cells in the ovary, there is a

great number of accessory cells, called nutritive phagocytes; so

.named because they serve the dual role of providing nutriment for

the growing oocytes and phagocytizing excess egg cells (Bal, 1970;

Chatly.nne,1969; Holland and Giese, 1965; and Takishima, 1968).

Confusion, however, still exists as to the structure and function of

these cells, especially since they u.ndergo profound seasonal changes

(Bal, 1970b a.nd Chatly.n.ne, 1969). Verhey and Moyer (1967) main-

tain that these cells have no mitochondria. This would uphold the

theory of Leibmu.n (1950) that the accessory cells of the gonad of A.

punctulata are actually coelomocytes that have migrated into the gonad

and are in the process of breaking down. Karansaki (1965) and

Anderson (1968) have concurred with this view. Miller and Smith

(1931) have stated that the accessory material in the gonad of

Echi.nometra lucu.nter is i.n fact degenerating oocytes. On the other

hand, i.n S. purpuratus Holland a.nd Giese (1965) have shown that at

least some of the nutritive phagocytes are healthy cells which are

capable of synthesizing DNA and undergoing mitosis. Likewise
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Takishima a.nd Takishima (1965) and Takishima (1968) have shown

that in the sea urchi.ns Hemice.ntrotus pulcherrimus a.nd Heliocidaris

crassispina, these cells contain mitochondria and e.ndoplasmic

reticulum, and are attached to one another by septate desmosomes.

Bal (1970b) has confirmed these findings i.n S. drObachie.nsis and has

also reported the presence of a Golgi apparatus i.n these cells that

complexes a -glycoge.n particles with protein to form large electron

dense globules.

The present study has been made to clarify the origin of various

cytoplasmic inclusions in the oocyte and the relationship of the oocytes

to the nutritive phagocytes.
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II. MATERIALS AND METHODS

Strongylocentrotus purpuratus were collected at monthly inter-

vals fromDecember 1968 to February 1971 at Yaqui.na Head or Boiler

Bay on the central Oregon coast in the middle of the intertidal area.

Those urchins in pools closest to the shore and likely to experience

most exposure were avoided as were those only exposed at extremely

low tides. The sea urchins were stored i.n circulating sea water tanks

of Instant Ocean (Aquarium Systems Inc. , East Lake, Ohio) and

gonads were fixed within twenty-four hours of collection.

Three types of fixatives were used with variations in pH: 1) 3%

gluteraldehyde in 0.1 M phosphate buffer at pH 6.0 or 7.3 and 0. 45.M

sucrose (Holland and Lauritis, 1968) for one hour at room tempera-

ture; 2) Kar.novsky's (1965) formaldehyde-gluteraldehyde fixative with

phosphate buffer at pH 7.4, 7.0, or 6. 4 and 0. 45 M sucrose for two

hours at room temperature; or 3) 1% osmium tetroxide (0s04), 0.1 M

phosphate buffer at pH 6.0 and 0.45 M sucrose for one hour at room

temperature.

Immediately after removal from the urchin large portions of the

gonad were placed in fixative because of the soft nature of the tissue

and to preve.nt ova and large oocytes from being extruded from the

ovary. After five minutes i.n fixative the gonad was cut into smaller

pieces a few millimeters square. The aldehyde fixed gonads were



7

rinsed in phosphate buffer with 0.45 M sucrose and postfixed in the

osmic fixative for one hour. Specimens were embedded according to

the Araldite method of Luft (1961) and the procedure was carried

straight through to prevent anomalies that might arise due to holding.

Tissues were embedded in Araldite 502 or 6005 (Ladd Research

Industries, Burlington, Vt.) under slight negative pressure at 60° C.

Two days were necessary for the plastic to harden sufficiently for

sectioning.

Sections were made on a Porter-Blum ultramicrotome and

viewed with an RCA-EMU 3H electron microscope.

Comparisons were made among the various fixatives to check

for artifacts.

Sections were stained with uranyl acetate for five minutes

followed by lead hydroxide for one minute.
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III. RESULTS

Fixation

The Karnovsky's fixatives proved to be the most satisfactory for

this study, although wide variation occurred with pH. At pH 6.4 the

mitochondria were very compact and the cortical granules were well

preserved, although in the younger oocytes the amorphous portion

was occasionally missing. No membrane breakage was noted except

in oocytes that were in synapsis. Lipid globules in the nutritive

phagocytes were extracted as were some membranes of the rough

endoplasmic reticulum. By using pH 7.0 this extraction of lipids and

membranes was prevented; however, there was some swelling of the

endoplasmic reticulum and the cristae of mitochondria. This swelling

was even greater at pH 7.4 and breakage of the plasma membranes

was common. There was also widespread extraction of the amorphous

portions of the cortical granules in oocytes but not in ova.

Neither of the fixatives using gluteraldehyde alone was satis-

factory, since at pH 7.3 there was extraction of the large vesicles and

the amorphous part of the cortical granules, as well as a breaking of

plasma membranes. At pH 6.0 there was widespread clumping and

extraction of inclusions in the nutritive phagocytes.

In contrast to the aldehyde fixations, when osmium alone is used

as the fixative, the mitochondria became swollen in the area outside

the cristae. Membrane breakage was common. The cortical granules
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were extracted and swollen in the oocytes and the ground cytoplasm

of the oocytes was less dense than in the aldehyde fixed cells. Many

oocytes had very large vacuoles and showed evidence of fragmentation;

an appearance not noted with any of the aldehyde fixatives. Golgi

apparatus and endoplasmic reticulum were well preserved and no

swelling occurred in these membrane systems. In the nutritive

phagocytes some vesicles appeared swollen and occasionally some

electron dense vesicles had a crenated appearance.

Ovarian Wall

For consistency the terminology used here is that introduced

by Davis (1971) in her comparative study on the gonad walls of echino-

dermata.

The ovaries of S. purpuratus lie suspended in the perivisceral

coelom and are covered with the flagellated cells of the visceral

peritoneum which lies on the extracollage.n basal lamina (Figure 1).

Interspersed among the peritoneal cells are processes containing

granules approximately 100 nm in diameter; these processes have been

identified as part of nerve cells by Davis (1971). Underneath the

extracollage.n basal lamina is a layer of connective tissue containing

a great deal of collagen whose fibers have a diameter of 0. 1 p, m .

This layer also includes some accessory cells which are most likely

fibroblasts, and dark irregularly shaped inclusions 0. 2 0.5 p m
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across. Proximal to this is a single layer of muscle cells which lies

on the extraheamal basal lamina. Between the muscles are processes

which have been identified as parts of nerve cells (Davis, 1971 and

Kawaguti, 1965).

Frequently i.n spent and recovering spent ovaries a cavity will

occur in the gonad wall so that the peritoneum and the outer connective

tissue layer appear to have pulled away from the muscle layer; this is

the schizocoel space which is obliterated when the gonad is full of

either eggs or nutrie.nt material (Figure 2). The schizocoel space will

often contain an amorphous substa.nce similar to that seen in the

haemal area; in some sections, particularly those of spent ovaries,

cross sections of cilia are seen in the schizocoel space.

The haemal area lies between the extrahaemal basal lamina and

the intrahaemal basal lamina. The latter is the i.n.nermost lamina of

the three in the ovarian wall. This area is ofte.n filled with a flocculent

amorphous substance whichu.nder very highmagnificationappears finely

granular; this probably represents haemal fluid condensed by the fixa-

tion process. There are also connective tissue elements similar to

those in the outer connective tissue layer except that the collagen

fibers are finer, approximately 20 nm in diameter. This connective

tissue often fills the entire haemal area. Occasionally granules are

seen that are approximately 20 nm with no indication that they are fine

collage.nfibers in cross section; these are referred to as characteristic
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haemal granules by Davis (1971). The haemal area also contains

large cells which contain either a lobulated nucleus or more than one

nucleus, a great number of mitochondria, and what appear to be

lipofuscin granules (Figure 3). These cells have not been observed

inside the ovary, the outer connective tissue layer or the schizocoel

space.

The proximal side of the i.ntrahaemal basal lamina is lined with

sex cells and nutritive phagocytes, the only cell types found within

the ovary proper. This innermost lamina may be thrown into a series

of folds and extend into the ovary for some distance (Figure 2). Although

neither the egg cells nor the nutritive phagocytes form a complete

epithelium under the wall of the ovary, the nutritive phagocytes make

up the greater part of it. Under the light microscope, growing oocytes

seem to line the entire ovarian wall i.n premature ovaries, but the

electron microscope reveals that thin pseudopods of the nutritive phago-

cytes surround these oocytes and lie between the oocytes and the intra-

haemal basal lamina (Figures 2 and 10). In the spent ovary there are

portions of this basal lamina with .no cells at all adhering to it.

Nutritive Phagocytes

The nutritive phagocytes are viable cells which contain a nucleus,

mitochondria, small vesicles of endoplasmic reticulum, and a

flagellum with a basal body (Figures 4, 5, 6, and 7). A complex of
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smooth and rough endoplasmic reticulum is usually found in the region

of the basal body (Figures 5 and 6). When two nutritive phagocytes

are in contact with one another they attach by means of septate and

intermediary junctions (Figures 4 and 8).

The type and .number of inclusions in the nutritive phagocytes

varies with the time of year and the state of the ovary. In the spent

ovary and the later part of the breeding season the nutritive phagocytes

become very reduced and contorted in shape, since they have very

few nutrient inclusions (Figures 8, 39, and 45), but they may contain

phagocytized egg debris (Figure 9). In the premature ovary and early

in the breeding season these cells are full of glycogen, lipid, and

dense granules which have staining properties similar to the yolk

(Figures 4 and 10). Usually a few phagocytized egg remnants can be

found throughout the year (Figure 10). These remnants are very

striking and consist mainly of yolk platelets and cortical granules which

are surprisingly well preserved (Figure 11). The cortical granules

eventually break down and the yolk granules coalesce to form very

large, dense granules (Figure 10). The presence of cells full of

nutrient materials makes the gonad the principle storage organ of the

sea urchin.

Due to their ability to form long tenuous pseudopods, the nutritive

phagocytes can form a variety of contorted shapes (Figures 2, 7, 8,

10, 1 2, 13, and 14). The pseudopods may contain mitochondria
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(Figure 7), endoplasmic reticulum (Figure 4), granules of glycogen

(Figure 10), and even the nucleus (Figure 14).

Oogonial Phase

The oogonia arise in small, closely packed clusters near the

ovarian wall (Figure 16). They are small,5 -7 p, m across, and tend to

be rather elongated inshape. Their nucleus is characterized by

small, fine granular clumps of chromatin with two irregularly shaped

nucleoli, and the nuclear membrane has very few pores (Figure 16).

Although the cell has hardly any endoplasmic reticulum, it does have

a large Golgi apparatus as well as a heterogeneous aggregate of small

particles (Figure 16). The mitochodria do .not have their cristae

packed as closely as do larger growing oocytes and ova; consequently,

there are empty areas within the mitochondria (Figure 16). Nutritive

phagocytes surround the cluster of oogonia, but they usually do not

penetrate into it. Even though the oogonia are in very close prox-

imity to one another, they form no membrane junctions (Figure 16).

Synapsis

When the egg starts to undergo synapsis, the chromatin becomes

more densely clumped, the nucleus becomes more rounded, and the

cytoplasm becomes very much reduced (Figures 16 and 17). At

pachytene the synaptenemal complexes are easily distinguished
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(Figures 18 and 19). The large Golgi complex of the oogonium is not

seen during synapsis, but a compact stack of long flattened sacs is present

(Figure 20), and the mitochondria are densely packed with cristae

(Figures 17, 19, and 20). The cells become separated from one

another and rarely seem to have much contact with a nutritive phago-

cyte before the chromosomes are very dense. Almost all cells at this

stage either have vacuoles in their nuclei (Figure 19) or an indenta-

tion in their cytoplasm so that the cell membra.ne appears to be nearly

contiguous with the nuclear membrane (Figure 19). Most synaptic

oocytes seemed to be breaking down. These phenomena were seen

in different samples and with various fixatives; apparently the eggs

are very fragile at this stage.

Post Synaptic Phase

After synapsis the chromosomes unwind, although small clumps

of chromatin are still numerous (Figure 21). A single nucleolus is

formed, usually away from the nuclear membrane (Figure 22). At first

the inside is somewhat lighter than the cortex, but by the time the cell

is 15-20 p.m across the nucleolus is uniformly dense. While at first

quite dense (Figure 21), the mitochondria soon seem to lose some of

their cristae and contain empty spaces (Figure 22) and therefore look

very much as they did in the oogonia. The aggregation of granules

seen in the oogonia are present after synapsis (Figure 21 and 22) but
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disappear about the same time that the mitochondria lose cristae.

No Golgi is seen, but small scattered vesicles of endoplasmic

reticulum are present. The cells no longer give the appearance of

breaking down, but they often have large indentations (Figure 21)

which when viewed in cross section appear as large empty vacuoles

in the cytoplasm (Figure 22). Although the nutritive phagocytes do not

surround the cell at this time, one of their pseudopods is usually in

very close proximity if not actual contact with a portion of the plasma

membrane of the oocyte (Figure 22); however, the area of this con-

tact may be very limited. Such contact is occasionally seen with

cells in pachytene (Figure 19).

Premicrovilli Growth Phase

Generally this stage of initial growth is referred to as pre -

vitelloge.nesis; however, since the sea urchin egg starts forming yolk

almost as soon as it begins to grow, this term does not seem to be

appropriate. During this phase the egg grows from 5-7 p.m in diam-

eterto an elongated shape approximately 12-15 p,m across and about

twice that in length. The nucleus is characterized by a large nucleolus

which becomes uniformly dense as it grows to 5 p.m in diameter,

diffuse chromatin with only very small isolated patches of hetero-

chromatin, and a nuclear membrane which progressively gains more

pores (Figure 23 and 24). Annuli begin to appear in the nuclear
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membrane when the oocytes are about 10 II m across and become a

prominent feature by the end of the premicrovilli stage.

At first small eggs of up to 10 p.m across appear uniformly

granular when compared to larger eggs, however, closer inspection

shows that they have many interesting inclusions. Extremely electron

dense granules that have a somewhat irregular outline are found in

these small eggs (Figures 25 and 26). These very dense granules

may be derived from certain sickle shaped inclusions that are often

found in these eggs just under the oolema (Figures 23 and 27). There

is another series of sickle shaped inclusions in the egg at this time,

but these are more endoplasmically located, are smaller, and appear

to be membrane bound. They may, but do not necessarily, contain

electron dense material (Figures 27, 28 and 29). Glycogen particles

can be identified near the surface of the egg usually in a region where

loose glycogen particles can also be seen just outside the egg (Figures

15, 27, and 44). The mitochondria persist in having the swollen

appearance described for the post synaptic oocytes (Figures 23 and 27);

however as the eggs grow larger, increasing numbers of compact

mitochondria are seen (Figure 24). Occasionally finely granular yolk

can be identified that sometimes is bounded by double membranes

(Figures 23 and 25). The large indentations of post synaptic oocytes

soon disappear, but smaller, narrower indentations persist (Figures

24 and 25). Some vesicles appearing just under the oolema are
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cortical granules but do not appear to be membrane bound (Figures

30 and 31). Myeloid whols and lipid droplets are also present

(Figures 25 and 29).

About the time the egg reaches 10 p.m, bulbous pseudopods appear

and the number of vesicles and cortical granules which are not mem-

brane bound and are about 0. 2 p. m in diameter become common at

this time (Figures 29, 30, and 31). Two types of cortical granules

can be identified, larger amorphous ones that do not seem to be

surrounded by a membrane, and compact ones that are membrane

bound (Figures 30 and 31). No special distribution can be attributed

to either type and often they can be found very close to one another

(Figure 31). The cortical granules often appear clumped along with

large vesicles containing amorphous material and other types of

inclusions. This clumping is most noticeable in ovaries which do not

contain a great deal of nutritive material, a condition which exists

near the end of the breeding season (Figures 26 and 33). In premature

ovaries which store large amounts of nutrient, such clumping is not

noticeable (Figures 30 and 31). The large membrane bound vesicles

containing amorphous material, which will be referred to as amorphous

vesicles, contain a variable amount of flocculent material, from

almost none to a good deal (Figures 30, 31, and 33). They do not

become very numerous in the premicrovilli oocyte, and usually appear

near the surface of the egg.
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Golgi complexes begin to appear in the egg cells of 10 N, m, as

do long, thin, scattered cisternae of rough e.ndoplasmic reticulum

(Figures 24, 31, and 32). Although coalescing vesicles which contain

amorphous substances can be seen at the product face of the Golgi

(Figure 32), the exact fu.nctio.n of these complexes can not be ascer-

tained by the inspection of micrographs. While it is possible to find

Golgi complexes surrounded mainly by yolk platelets made up of

small globular subunits, cortical granules have not been seen grouped

exclusively about a Golgi complex, and most often both yolk and

cortical granules can be fou.nd in the vici.nity of most Golgi complexes

(Figure 31). Occasionally a multivesicular body can be found near

a Golgi complex (Figure 32). The type of yolk appearing near the

Golgi complexes, as mentioned above, is made up of small globular

subunits of 50 40 p.m. This type of yolk is quite brittle and often

the subunits do not show unless it is sectioned well and at the proper

angle. Since it is fairly uniform in consistency and has a smooth

round or oval shape this type of yolk will be referred to as yolk

platelets (Figure 41) to differentiate it from the finely granular yolk

mentioned above. The granular yolk which occasionally appears

bounded by double membranes is found earlier than the yolk platelets

before any Golgi complexes can be distinguished and remains few in

number as compared with the platelets. None the less it can be found

in eggs of all sizes (Figures 23 and 34). Although the granular yolk
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is always membrane bound, two membranes are not always apparent,

especially in larger eggs. This granular yolk may sometimes assume

strange conformations and may be found partially surrounding empty

looking vesicles (Figures 31 and 34).

During this stage the oocyte is surrounded almost completely by

nutritive phagocytes or their pseudopods; however, there is usually a

noticeable space between the egg and the nutritive phagocyte (Figures

24 and 31). Toward the end of the premicrovilli stage the nutritive

phagocyte and the egg are often in contact at some point (Figure 31).

Microvilli Growth Phase

The microvilli phase is named for the prominent projections

that appear on the oolema and is the final growth stage of the egg when

it reaches its final size of 60-70 N, m. It is the period of greatest

production when most of the yolk, cortical granules, mitochondria

and other products of the egg are accumulated; although most of this

production started earlier in the premicrovilli stage as stated above.

In the period of transition from the end of the premicrovilli stage and

up to the time when the egg is just beginning to acquire microvilli,

many extremely long mitochondria can be seen (Figure 34). As the

egg grows larger the elongated type are rarely seen and usually only

small round ones are found until the egg reaches full size and is about

ready to undergo the maturation divisions. At this time elongated
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mitochondria are again common (Figure 35).

The microvilli are first formed when the egg is 15-20 p.m across

and are usually first seen in an area that is adjacent to a nutritive

phagocyte, although there is usually space between the two cells

(Figures 36 and 37). Nutritive phagocytes usually also form micro-

villi which i.nterdigitate with those of the oocyte so that it is often very

difficult to tell where one starts and the other leaves off (Figures 34,

38, and 42). However no cytoplasmic bridges are evident; where the

microvilli of the two cell types do come i.n contact a membrane ca.n

usually be seen. The large a-type glycogen particles (Drochmans,

1962) of the nutritive phagocytes are not seen i.n the cytoplasm of the

oocytes during this stage, although they are sometimes seen in the

intercellular space (Figure 42). As the egg grows, most of its sur-

face becomes covered with microvilli and is in close contact with

nutritive phagocytes (Figure 39 and 45). Small pi.nocytotic pits can

often be see.n at the bases of these microvilli (Figures 34, 37, 38, 42,

and 43); these ca.n be seen most often on surfaces of the egg that are

not in intimate contact with a .nutritive phagocyte (Figure 42). It may

be that the dark coat is not observed more often because of the density

of the ground substance of the ooplasm since dark coats are seen

most frequently in eggs that appear extracted either because the egg

was breaking down or it was not penetrated sufficiently by the fixative.

Sometimes there is a great deal of amorphous substance between the
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nutritive phagocyte and the oocyte (Figures 39 and 40), but more

often it is absent; apparently this is washed away and .not well pre-

served by the fixation process. Very ofte.n a membrane bound vesicle

is seen in one of the pinocytotic pits on the surface of the oolema

(Figures 34 and 38), suggesting that the nutritive phagocytes might

pass on nutrients in the form of an apocrine secretion by pinching

off the tips of their microvilli.

The relationship between the oocyte and the .nutritive phagocyte

is maintained even when there is not a great deal of food stored in the

ovary a.nd the nutritive phagocytes have become very reduced in size.

Toward the end of the breeding season several extremely thin and

stretched .nutritive phagocytes ca.n still be seen trying to support a

few large growing oocytes (Figures 39 and 45). If this contact is

not maintained the oocytes look extracted, extreme clumping of the

inclusions occurs, which is not seen otherwise, and the oocytes give

the appearance of breaking down.

During this stage there is also an increase in the number of

Golgi complexes (Figure 38) in the cell and their products, the yolk

platelets and cortical granules. Occasionally yolk platelets ca.n be

seen with subunits that are intermediate between those of the multi-

vesicular bodies and regular yolk platelets (Figure 41). In a few

cases small vesicles with a dense substance similar to the amorphous

part of the cortical granules can be seen attached to forming cortical
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granules (Figures 39, 40, and 47). Similar vesicles can be also seen

i.n the microvilli stage and premicrovilli stage oocytes, but separate

from the cortical granules and often very close to the oolema; although

i.n lower magnification pictures it is difficult to distinguish these gray

bodies from granular yolk. As the egg reaches the end of its growth,

the previously described Golgi complexes are supplanted by Golgi

complexes which are more compact and have a different type of product

(Figure 35). Instead of producing vesicles with amorphous substances

which subsequently coalesce, they produce small vesicles which are

electron transparent; these vesicles remain distinct and do not coalesce

with anything else. This second type of Golgi a.nd its vesicles increase

in number until the egg is about to undergo the maturation divisions

and they persist i.n the ovum.

The rough e.ndoplasmic reticulum also becomes very abundant

during this period (Figures 39 and 46), but is not particularly organized

into any sort of pattern except for a flattened stack of larger cister.nae

that is seen i.n an adnuclear position in some of the larger eggs (Figure

46). In the middle of the microvilli stage a single fairly continuous

cisterna of rough e.ndoplasmic reticulum surrounds the nuclear mem-

brane (Figures 45 and 46), but as the egg attains full size this breaks

into smaller cisternae. Just before germinal vesicle breakdow.n no

special order can be detected; this is also true at the beginning of the

microvilli stage. Most of the inclusions of the egg are randomly
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distributed, except for the clumping of the large amorphous vesicles

which are found near the surface in regions of intimate oocyte-

nutritive phagocyte contact (Figures 38 and 39). Very often these

vesicles have projections extending into an adjace.nt vesicle a.nd ap-

pear to be coalescing (Figure 39). The sickle shaped inclusions, the

very dense irregularly shaped granules, and the arrays of the small

0. 2-0.5 p.m granules are seen in microvilli oocytes only at the very

beginning of this stage (Figure 34).

The nuclei also referred to as germinal vesicles are as they

were at the end of the premicrovilli stage except they increase in

size and the nucleolus acquires a vacuole or series of small vacuoles

in its interior (Figures 45 and 46). These vacuoles have the appearance

of the grou.nd nucleoplasm. If the area near the nuclear membrane

is closely examined, one can often see dark clumps of granules on

either side of the nuclear membrane in the area of the nuclear pores.

While the nuclear membrane is not completely round, it does not have

a.ny very deep or sharp infoldings except at the very end of this period

(Figure 48). Such infoldi.ngs are a sign that the germinal vesicle is

about to undergo dissolution in preparation for the maturation div-

isions. If such i.nfoldi.ngs are seen in younger eggs, they are usually

accompanied by other signs that the egg is not in a healthy condition.
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Transition from Oocyte to Ovum

Once the egg has reached full size, about 70 p,m, it starts to

show signs that it is about to undergo the maturation divisions and be-

come an ovum. The meiotic divisions themselves are difficult to

observe for they are very rarely seen with even the thick 10 µm sec-

tions used in light microscopy, and this author has not been able to

ascertain that any of the EM sections viewed included a meiotic

division. However there are some reliable signs that the transition

is taking place; the egg separates from the surrounding nutritive phago-

cytes, the microvilli of the egg become extremely elongated, and

empty membranes appear between the egg and the .nutritive phagocyte

(Figure 49). Right after the separation from the nutritive phagocyte,

the egg still shows signs of transferring materials across the oolema

(Figure 49). An electron dense substance is commonly seen between

the microvilli of eggs in this transitional stage (Figure 49). Soon

after this separation, the nuclear membrane begins to show signs of

breaking down (Figure 48), and in many eggs in this stage no nucleus

is apparent, although an area can occasionally be found clear of the

larger inclusions such as cortical granules, yolk, and the large

amorphous vesicles (Figure 50).

As the transition progresses the microvilli become shorter, the

black amorphous substance becomes more frequent, and evidence of
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the transfer of materials is no longer seen (Figure 48). During this

period most of the inclusions of the egg, including the cortical granules,

are randomly scattered (Figures 48 and 50). Many of the amorphous

vesicles may be found attached to one another by bulges or finger-like

exte.ntio.ns i.n the membrane (Figures 48 and 50). If these are cut at

right angles it looks as if there is a small vesicle inside a larger one.

Clusters of pores (Figure 50) may be seen when .no nucleus is apparent;

these may represent the formation of annulate lamellae.

Once the female pro.nucleus is seen, the cortical granules are

found at the surface. Very rarely are any intermediate stages seen,

although occasionally, cortical granules can be seen piled several

deep at the edge of the cell. The pronucleus is about 5 p.m and when it

first appears the chromatin is very evenly distributed, but dense areas

appear adhered to the nuclear membrane (Figure 51). Most of these

dense areas appear to have a different consistency than the heavy bodies,

although occasionally larger clumps are seen that look similar to the

heavy bodies. The first heavy bodies appear on the surface of the

pronucleus but later become scattered throughout the cytoplasm

(Figure 53). In the ovum annulate lamellae are seen, although most

of these are associated with heavy bodies (Figure 53 and 57). At this

time large circular complexes of endoplasmic reticulum are also seen;

these are the so called "yolk nuclei" (Figure 54 and 55). The black

amorphous substance of the transition oocytes is no longer seen outside
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the egg, but the vitelline membrane is present (Figure 54).

Two types of ova are present in the ovary, these will be re-

ferred to as "light" and "dark" ova. The "light" eggs have a ground

cytoplasm that is less electron dense than the yolk platelets, the

amorphous vesicles can still be seen in small clusters attached to

one another by finger-like projections (Figures 50, 53, 54, and 57).

The compact Golgi complexes are still present and their vesicles are

quite widely scattered (Figures 54 and 57) and often appear to contain

small dark granules (Figures 54 and 57). The "dark" eggs have a very

electron dense ground cytoplasm, that is so dark the yolk platelets

appear lighter than the cytoplasm (Figures 51 and 56); although the

yolk has actually the same electron density as the platelets in "light"

ova. The clusters of amorphous vesicles are not as large as in the

"light" eggs and rarely are more than two vesicles seen touching each

other (Figure 56). The yolk platelets are closely packed in these

"dark" eggs and the small Golgi vesicles can be seen between the yolk

platelets (Figure 56). If there are only a few ova present in a pre-

mature ovary they are likely to be the "light" type; as more eggs

collect in the ovary more "dark" ova are found.

Jelly coats are not seen on oocytes or eggs in the transition

period. In the ovary, the jelly coat of the ova is highly variable. There

is a great deal of debris from eggs that have degenerated and broken

apart in the mature ovary (Figure 58), and the thickness of the jelly
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coat seems to vary with the amount of debris present, from essen-

tially .none (Figures 54 and 57) to a great deal (Figure 59). Often

some of the cellular debris can be seen adhering to the outside of the

jelly coat (Figure 59).
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IV. DISCUSSION

The nutritive phagocytes were first named by Holland and Giese

(1965) because of their supposed function. Subsequent investigations

(Bal, 1970b; Chatlynne, 1969; Takishima and Takishima, 1965; a.nd

Taksishima, 1968) have supported this interpretation. The debris

found in the ovary during the height of the breeding season (Figure 58)

can be found in the phagocytes in the spent ovaries (Figure 8), and are

subsequently broken down and condensed into large globules. This

certainly provides a method for reusing some of the products that

were made by the gametes, but it is unlikely that much actual forma-

tion or'transfer of already synthesized yolk proteins is done by these

cells. Although the nutritive phagocytes have some e.ndoplasmic

reticulum, there does not seem to be enough for any extensive syn-

thesis of yolk or other proteins and therefore the function of the nutri-

tive phagocytes is mainly o.ne of storage. The only structure that

could be considered Golgi apparatus in the nutritive phagocytes of S.

purpuratus is the complex of smooth endoplasmic reticulum found .near

the basal body; even though a definitive Golgi has been reported in

S. drOboachiensis (Bal 1970b). In this latter urchin, the Golgi is said

to be co.ncer.ned with a storage function and not with the formation of

products that will later be stored and used unchanged by the eggs.

Rather these cells seem to be concerned more with providing the



29

oocytes with a plentiful supply of raw materials from which to make

all of their specialized products and possibly of passing on products

that were made elsewhere. Even though yolk (Figure 45) and other

egg products are often seen very close to the surface, sometimes even

in microvilli, similar substances are not seen in the cytoplasm of the

nutritive phagocyte immediately adjacent to the egg.

The most commonly observed transfer of nutrient materials from

nutritive phagocytes to oocytes is the release of glycogen into the

intracellular space, where the material is the.n pinocytized by the

oocyte. The present study confirms the findings of Bal (1970b) that

the plasma membrane of the nutritive phagocyte is often broken in

areas where glycogen is released into the intercellular space

(Figures 15 and 42). Since the large glycogen particles are not found

in the eggs Bal (1970b) has proposed that the egg is able to break down

glycogen at its surface. Cytoplasm of very you.ng premicrovilli oocytes

often contains glycoge.n particles; this suggests they have not yet

acquired the ability to break down glycogen particles at their surface

(Figures 27 and 44). It is equally as plausible, however, to suggest

that the nutritive phagocytes might supply the agent for this degrada-

tion, especially since they so often have e.ndoplasmic reticulum at

their surface, and endoplasmic reticulum is commonly found even in

the thin pseudopods of nearly empty nutritive phagocytes surrounding

growing oocytes near the e.nd of the breeding season. Alternatively,
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this e.ndoplasmic reticulum may be concerned with synthesis of

hormone, as in the accessory cells of the starfish (Hirai and

Ka.nata.ni, 1971). The starfish accessory cells, however/do .not have

a storage function. The ovaries of S. francisca.nus are known to

contain estrogen and progesterone (Botticelli, Hisaw, and Wotiz,

1961), but no functio.n has been assig.ned to these hormones and no

other hormone has yet been described in connection with sea urchin

gametoge.nesis.

There are several explanations for the failure to observe the

transfer of materials other than glycogen. The release of these

nutrients may be in a soluble form that would either be able to diffuse

through the oolema and therefore not visible by the present procedures,

or be washed away by the fixation and embedding processes. Also as

suggested previously, the tips of the microvilli of the nutritive

phagocytes may be pinched off to be incorporated by the oocytes.

Since all healthy growing oocytes from the premicrovilli stage

to the beginning of the tra.nsitio.n period are fou.nd surrou.nded i.n large

part by nutritive phagocytes, these accessory cells must be necessary

for the maintenance of the eggs. Furthermore, it seems that healthy

eggs are not phagocytized, since no egg in perfect or nearly perfect

conditio.n has bee.n found inside the phagocytes, but only the compact

masses like the one seen i.n Figure 11. It is true, however, that

many degenerating eggs are seen loose in mature ovaries, and most



31

likely it is the remnants of these deteriorating eggs that are seen

inside the phagocytes. Nutritive phagocytes can not directly control

the number of eggs allowed to develop as has been suggested

(Chatlynne, 1969; Holland a.nd Giese, 1965), because they do .not

phagocytize healthy eggs; consequently they can only indirectly con-

trol the number by allowing the eggs to deteriorate by .not nourishing

them sufficiently. Indeed the nutritive phagocytes can be seen main-

taining oocytes even at the end of the breeding season when there

doesn't appear to be e.nough nutrient in the ovary (Figure 45).

Bal (1970b) has suggested that the shape of the nutritive phago-

cytes varies with the development of the eggs, and therefore very thin

phagocytes depleted of globules, are found surrounding the larger

oocytes. Nevertheless, the present study indicates that the appear-

ance of the nutritive phagocytes is rather a reflection of the nutritional

state of the ovaries, since nutritive phagocytes full of globules are

seen surrou.ndi.ng oocytes of all stages i.n the early part of the breeding

season and depleted, thin nutritive phagocytes are seen surrounding

oocytes of all stages at the end of the breeding period. Along the

central Oregon coast, where the urchi.ns for this study were collected,

the water is too cold during the time of the breeding season for

efficient utilization and storage of new food (Gonor, personal commun-

ication). Therefore, once the stored material i.n the gonad is used to

make gametes, it can not be replenished; consequently, the nutritive

phagocytes become depleted of globules.
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Nutrient uptake by oocytes has been classified by NySrevang

(1968) as heteronomous and autonomous. In heteronomous uptake the

egg products are made in .nurse cells or elsewhere and passed ready-

made to the oocyte to be stored, and in autonomous uptake the egg

incorporates precursors i.nto products it forms itself. The autonomous

type has further been broken down into diffusional and endocytic, the

latter including both pinocytosis and phagocytosis. The heteronomous

category has been ruled out so far as the nutritive phagocytes are

concerned by the above discussion. As also indicated above, diffusion

of small soluble products can .not be demonstrated by electron micros-

copy. The difference betwee.n phagocytosis and pi.nocytosis is essen-

tially one of size. One is more inclined to refer to the process as

phagocytosis in relation to the small premicrovilli eggs where large

pseudopods form comparatively large indentations. Likewise when

discussing the microvilli oocytes where the invaginations are small

compared to the cell size one tends to refer to the process as

pinocytosis. The dark coated vesicles a.nd pits correspond to the

bristle coated pits which have been seen i.n a wide range of oocytes

(Droller and Roth, 1966; Dumont and Anderson, 1967; Favard-Sere.no,

1964; Hinsch and Cone, 1969; Kessel, 1968c; Roth and Porter, 1964;

and Stay, 1965); usually i.n connectio.n with yolk formation. The

product taken up by the bristle coated pits fuses with vesicles already

present in the egg to form yolk. While such pits have been
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demonstrated i.n the sea urchin oocytes (Bal, 1969b; Tsukahara and

Sugiyama 1969; and Tsukahara, 1970), there is no evidence that

pinocytotic vesicles fuse with forming yolk vesicles.

There does seem to be some evidence, however, that the

amorphous vesicles form by this process, and therefore may repre-

sent heteronomous nutrition. These vesicles form at the surface of

the egg by phagocytosis or pinocytosis. The material in these

vesicles undergoes little change in appearance. Since amorphous

vesicles are often seen in contact with one another and occasionally

with pinocytotic vesicles and granular yolk vesicles, there is a pos-

sibility that material may be excha.nged between these vesicles and

perhaps some material may be i.ncorporated from the ooplasm. How-

ever, no condensation or uniformity of product is seen in these

vesicles even in ova; some always appear to co.ntain much more of

the amorphous material than others close by.

Electron microscopy necessitates viewing a dynamic process as

a series of still pictures, and therefore a great deal of interpretation

is brought into any explanation of these processes. When a pit is seen

on the surface of an oocyte with a substance contained within it, and it

is also known that the eggs are growing i.n size as the accessory cells

become emptied, one is inclined to view the pit as a pinocytotic pit

and the substance as being taken into the egg. It may also be that the

opposite process is taking place. Since the indications are that most
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of the products unique to the egg are manufactured by the egg itself,

it would seem likely that the egg would also make its own egg coats

such as the jelly coat and the vitelline membrane. These would have

to be delivered to the outside by vesicles fusing with the oolema and

depositing their product outside. This "reverse pinocytosis" would

be most likely to occur during the transition period when a great

deal of black amorphous substance is seen in pits between the micro-

villi. This substance is still seen between the microvilli as they

become shorter and no more pits are seen. Once the vitelline mem-

brane is formed this substance is no longer in evidence and therefore

is most likely a precursor of the vitelline membrane.

The formation of jelly coat is difficult to demonstrate. Its

principle components are sialopolysaccharides with an amino acid

backbone (Isaka, Hotta, and Kurokawa, 1970) and are very soluble

below pH 5.4 (Tyler and Tyler, 1966). In contrast the material seen

surrounding ova in the present study is extremely heterogeneous and

seems to be derived from the debris present in the ovary (Figures

58 and 59). It may well be that the substance defined as the jelly

coat is not seen because it has been dissolved by the acidity of the

fixative and the subsequent alcohol and propylene oxide washes of the

embedding procedures. Some of the debris present in the ovary most

likely adheres to the jelly coat and is shed with the eggs.
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It would not be included in a biochemical analysis because it

would be discarded as "contamination" which in fact it is. Nonetheless,

this debris sticking to the outside of the egg may account for the

acrosomal reaction of the sperm to the jelly coat (Haino and Dan,

1961) which is distinct from the specific binding reaction of the sperm

that is caused by the jelly coat proper (RunnstrOm, 1964), especially

since pure solutions of fertilizi.n (jelly coat) do not elicit very much

acrosome ejection (Tyler and Tyler, 1966). Hai.no and Dan (1961)

note that this acrosomal reaction is greater at the height of the breed-

ing season than at the beginning, and as has been noted above there is

also considerably more debris in the ovary at the height of the breed-

ing season than at the beginning. In experiments with jelly coat

antisera (Perlman, 1956), it was noted that there was one type of

antibody that exclusively reacted with the jelly coat and another that

not only reacted with the jelly coat, but also caused wrinkling of the

oolema. It was suggested that the antigen responsible for this latter

antibody might be a contamination. The amount of precipitate formed

by the antisera-antigen reaction was found also to increase as the sea-

son progressed, but the two types of antigens were not discussed

separately in this regard.

In addition to the granular yolk and the yolk platelets there are

also lipid globules. The way the oocytes obtain these globules is not

clear at present. There are no indications that they might be formed
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by the endoplasmic reticulum or the Golgi, since they are not mem-

brane bound. In the oocytes they are found randomly distributed,

sometimes in small clumps (Figure 29). In the ova they are most

frequently seen surrounded by mitochodria (Figures 54 and 56).

The granular yolk is sometimes found with double membranes

(Figures 23 and 53) and first appears at the very beginning of the

premicrovilli stage when the mitochondria of the oocytes appear swol-

len. At this time one can also occasionally see smaller granules of

yolk that do not completely fill the double membranes (Figure 23).

This evidence combined with that of Piko, Tyler, and Vi.nograd (1967

and 1968), who found mitochondrial-type DNA in a form of yolk, in-

dicates that the granular yolk may well be derived from mitochondria.

This form of yolk formation has been demonstrated several times in

amphibia (Kessel, 1971; Massover, 1971; Ward, 1962; and Yew,

1969) and reported in molluscs (Carrasso and Favard, 1958; Favard

and Carasso, 1958; and Galangau, 1969). Yew (1969) in fact has

suggested that in Bufo valliceps that the mitochondria reorganize

themselves into condensed structures similar to the myeloid whorls

seen in Figure 25 before producing yolk; but Massover (1971) in his

thorough study of the formation of mitochondrial yolk has not demon-

strated such a structure in Rana catesbiana. These myeloid whorls

may represent a stage in the formation of lipid globules. Although

mitocho.ndrial yolk has not been reported in other echinoderms this
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mechanism of yolk formatio.n may help explain the unusual configura-

tions of mitochondria that are found in certain species. In the sea

cucumber, Thyone briareus (Kessel, 1966) the mitochondria line up

in very regular alternate rows with cisternae of the e.ndoplasmic re-

ticulum which ultimately forms the yolk and i.n the brittle star,

Ophiderma panamensis (Kessel, 1968b) mitochondria are found aligned

close to the nuclear membrane during the period of .nucleolar activity

that preceeds yolk synthesis.

The other type of yolk, designated in this paper as yolk platelets,

seems to be formed by the e.ndoplasmic reticulum i.n conjunction with

the Golgi apparatus. This type of yolk is surrounded by one membrane

and is made up of a series of small globular subunits, although it is

not as condensed as the yolk crystals of the frog (Lanzavecchia, 1965).

The appearance of small vesicles on the product face of the Golgi

(Figure 32) followed by the frequent appearance of multivesicular bodies

i.n the vicinity of the Golgi (Figure 32), and the presence of yolk plate-

lets with subunits slightly larger than normal (Figure 41) seem to

represent a reasonable progression for the formation of the yolk

platelets. Of course to demonstrate that this is actually the process

going on, one needs to employ some labeling or specific staining

technique to track the path of the yolk protein.

In small premicrovilli oocytes the yolk platelets may also be

formed by an alternate method, phagocytosis of yolk material that has
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been stored by .nutritive phagocytes. This yolk material was obtained

by the nutritive phagocytes by phagocytosis of deteriorating eggs.

The organelles that seem most likely to be carrying out this function

of obtaining extracellular yolk are the dense sickle shaped inclusions

that are seen under the surface of the oolema (Figures 15, 23, and

27) and the more interior very dense granules (Figures 25 and 26).

Subsequent coalescence of these granules may also form yolk platelets.

Having more than one type of yolk and various methods of yolk

formation in one egg is not unique to sea urchins; it has been noted

in urodeles (Ward, 1964; review Wischnitzer, 1966; and Yew, 1969),

guppies (Droller and Roth, 1966), snails (Favard and Carasso, 1958),

and arthropods (Dumont and Anderson, 1967 and Hi.nsch and Cone,

1969). Further investigations will probably reveal that this is quite

a common phenomenon in the animal kingdom.

As well as forming yolk the Golgi apparatus has been implicated

in the synthesis of the cortical granules (Anderson, 1968; Bal, 1970a)

particularly in the mucopolysaccharide component that makes up the

organized lamellar part (Bal, 1970a). This lamellar portion can

often be seen in various stages of formation from unorganized spots

(Figure 39) to lamellae that have some gaps and are not as sharply

defined as the fully formed granules (Figure 31). Cortical granules

with forming lamellae often lack the amorphous portion and do not

appear to have membranes. The amorphous portion seems to be
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added later by the coalescing of one of these forming cortical granules

and a gray body. The origin of the gray bodies is unclear; there is no

indication that they are formed by the same Golgi that forms the

lamellar portion. Tsukahara (1970) has implied that they might form

by pinocytosis of material at the oolema. Soon after the amorphous

portion is added, the cortical granules are seen with a membrane and

the contents appear very condensed. It is now a fully formed cortical

granule and the only type that is seen in the ova. It may be that the

cortical granules have membranes from the very beginning of their

formation as would seem likely since they are a Golgi product, but

that the membranes are very labile during the formation stages, and

therefore are not preserved until the cortical granules becomes con-

densed, possibly by a dehydration process. The endoplasmic sickle-

shaped inclusions of the early premicrovilli oocytes may represent

scattered vesicles of smooth endoplasmic reticulum that have not

as yet organized into Golgi complexes. These may account for some

of the cortical granules that are seen forming even before a Golgi

complex can be distinguished.

Another product of the Golgi complexes are the small electron

transparent vesicles formed toward the end of oogenesis. Since

these vesicles do not fuse with any other vesicles during the course

of oogenesis, they do not seem to be involved with yolk formation,

cortical granules, or other such products of the egg. Since the Golgi
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vesicles persist even in the ova, they can not be concerned with the

formation of the vitelline membrane or the jelly coat. It may be that

they store lytic enzymes that will be utilized in the breakdow.n of the

yolk during embryoge.nesis.

The changes i.n the appearance of the chromosomes, nucleolus,

a.nd the nuclear membrane of the primary oocyte are essentially the

same as those observed by other workers o.n other species of sea

urchins (Afzelius, 1955; Bal, Jubi.nville, a.nd Cousineau, 1969;

Millonig et al, 1968; and Verhey and Moyer, 1967).

Eve.n after most of the products of the egg have been accumulated

a.nd the maturatio.n divisions have take.n place, there still appears to

be a process of ripening before the eggs are ready to be shed and

fertilized. Organelles that are reported in the oocytes of other sea

urchins occur only in the ova of S. purpuratus. Bal a.nd his coworkers

(1968) have shown that annulate lamellae are formed in the oocytes

of A. pu.nctulata by an infoldi.ng of the nuclear membrane. This same

process may occur in S. purpuratus, but if so, it does not occur until

the nuclear membrane starts breaki.ng down, which makes the process

difficult to follow. Also, no yolk nuclei are seen in S. purpuratus

oocytes although they have been reported in sand dollar oocytes

(Merriman, 1959) and in the oocytes of several other species of sea

urchins (Afzelius, 1957; Bal et al, 1968; Millo.nig et al, 1968; and

Verhey and Moyer, 1967). In the present study they have been seen
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only in "light" ova still in the ovary, but they have not been observed

in ova once they have been shed (Harris, personal communication).

The change of a "light" ovum into a "dark" ovum may likewise

entail a ripening process. The difference is probably caused by a

loss of water from the egg causing it to become denser and slow down

many of its active processes such as protein and RNA synthesis. Such

a low level of activity is well documented in unfertilized sea urchin

ova (review Epel et al, 1969; Piatogorsky, Ozaki, and Tyler, 1967;

and Tyler, Tyler,and Piatogorsky, 1968). It is not known whether

"light" ova can be successfully fertilized or if they will undergonormal

development. It may be that this ripening process allows the egg to

maintain itself for a somewhat longer time to insure successful fer-

tilization.
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V. SUMMAR Y

Oogenesis in Strongylocentrotus purpuratus can be divided into

several phases which can be identified by changes in both the internal

morphology of the egg and relation of the egg to the nutritive phago-

cytes.

1. Oogonial phase eggs are about 5 p.m in diameter, have a large nuc-

leus, a Golgi apparatus, and a heterogeneous aggregate of small

granules. They are found near the ovaria.n wall in small compact

clumps which are surrounded but not penetrated by pseudopods of the

nutritive phagocytes.

2. Oocytes in synapsis are characterized by dense chromosomes with

clearly defined synaptenemal complexes. During pachyte.ne a small

portion of the oolema comes in very close contact with a nutritive

phagocyte.

3. Post synaptic phase oocytes have denser cytoplasm than oogonia

and large invaginatio.ns in the oolema. Pseudo-pods of the nutritive

phagocytes invade the cluster of oocytes which are not as closely

packed as the oogonia.

4. During the premicrovilli growth phase the oocyte attai.ns a size

of roughly 15 x 30 p.m. It starts to form two kinds of yolk as well as

cortical granules. One type of yolk has a finely granular appearance

and is seen before any Golgi complexes are apparent. The second
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type of yolk, the yolk platelet, is made of globular subunits about

40 - 50 nm in diameter and becomes much more numerous than the

granular yolk. The yolk platelets and at least part of the cortical

granules seem to be Golgi products. Pseudopods of the nutritive

phagocytes nearly surround individual oocytes, but a space is main-

tained between the two cells.

5. The microvilli growth phase is named for the many finger-like

projections in the oolema. During this stage the egg grows to its

final size of 60 70 p.m and accumulates most of the inclusions typical

of the ova. The nutritive phagocytes almost entirely surround the

egg and the pseudopods from the nutritive phagocytes interdigitate

with the microvilli of the oocyte.

6. Early in the transition from oocyte to ovum the microvilli in the

oolema become very elongated as the egg separates from the surround-

ing nutritive phagocytes. Toward the end of this period the microvilli

become shorter and the vitelline membrane is formed. At the time

of germinal vesicle breakdown the cortical granules are still randomly

scattered, but later when the pronucleus has formed they are found

at the surface. Also with the appearance of the pronucleus, heavy

bodies and yolk nuclei are seen for the first time. Two types of

eggs, distinguished by the electron density of their cytoplasm, can be

seen inside the ovary.
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APPENDIX



Figure 1. Ovarian wall. Karnovsky's pH 7.0. 15,500 X. 0.65µm =
1 cm.

CL outer collagen layer

ECB - extracollagen basal lamina

EBB - extrahaemal basal lamina

F - fibroblast

HA - haemal area

IHB intrahaemal basal lamina

M - muscle cell (i.ntraschizocoelus)

N - nerve process

V visceral peritoneum cell

arrows point to collagen fibers





Figure 2. Ovarian wall of a premature ovary. There is a schizocoel
space (SS) between the collagen layer and the muscle. The
intrahaemal basal lamina (IHB) is very infolded. Note the
thin pseudopods (p) of the nutritive phagocytes (NP) along
the IHB. Karnovsky's pH 6.4. 4,880 X. 2.1 p.m = 1 cm.

ECB - extracollagen basa lamina

EHB - extrahaemal basal lamina

M - muscle

00 - oocyte





Figure 3. Cell with lipofuscin granules occasionally found in the
haemal area of the ovarian wall. Karnovsky's pH 7.0.
15, 500 X. 0.65 p. m = 1 cm.

hg - haemal granules

IHB - intrahaemal basal lamina

If - lipofuscin granule

NP nutritive phagocyte





Figure 4. Nutritive phagocyte in premature ovary. Note rough
endoplasmic reticulum in pseudopods (p). Karnovsky's
pH 6. 4. 15,_550 X. 0.65 p.m = 1 cm.

d - dense granule staining similar to yolk

er - rough endoplasmic reticulum

f - flagellum

g - glycogen

m - mitocohdrion

n - nucleus

p pseudopod

sj septate junction





Figure 5. Portion of a nutritive phagocyte in premature ovary
showing basal body of flagellum (arrow). Note complex
of rough and smooth endoplasmic reticulum (c). Karnovsky's
pH 6. 4. 26,500 X. 0. 38 p.m = 1 cm.

g - glycogen

Figure 6. Nutritive phagocyte in premature ovary showing basal body
(arrow) of flagellum and accessory structures. Note also
complex of smooth and rough endoplasmic reticulum (c).
Karnovsky' s pH 6. 4. 19, 500 X. O. 51 p.m = 1 cm.

Figure 7. Nutritive phagocyte in a premature ovary with pseudopods
(p) and flagellum (f). Karnovsky's pH 6.4. 19,.500 X.
0.51 p.m = 1 cm.

d dense granule staining similar to yolk

er - rough endoplasmic reticulum

g - glycogen





Figure 8. Nutritive phagocytes in spent ovary. Septate junctions
(sj) and intermediary junctions (ij) connect adjacent
phagocytes. Large empty vacuoles (1) contained lipid
which was removed by low pH of fixative. Karnovsky's
pH 6. 4. 35, 000 X. 0. 29µm = 1 cm.

m - mitochondrion

Figure 9. Nutritive phagocytes (NP) lining ovarian wall in spent
ovary. The NP contain phagocytized debris. Note how
well preserved the cortical granules (cg) are. Karnovsky's
pH 6.8. 4,700 X. 2. 2p.m = 1 cm.

ECB - extrahaemal basal lamina

HA - haemal area

M muscle (intraschizocoelous)





Figure 10. Portion of premature ovary showing nutritive phagocytes
full of nutrient material. Note heterogeneous inclusions
(h) which are phagocytized debris in an advanced stage
of breakdown. Karnovsky's pH 6.4. 4,880 X.
2. 1µm = 1 cm.

d - dense granule

ECB - extracollage.n basal lamina

EHB - extrahaemal basal lamina

g - glycogen

h - heterogeneous inclusion

IHB - intrahaemal basal lamina

1 - lipid (removed by low pH)

00 - oocyte

SS - schizocoel space

visceral peritoneum cell





Figure 11. Remains of a phagocytized oocyte, consisting mainly
of yolk platelets (y) and cortical granules (cg). The
cortical granules outside the phagocytized oocyte are in
healthy oocytes. Karnovsky's pH 6.5. 14, 600 X.
0,68 p.m = 1 cm.

g - glycogen

h - heterogeneous inclusion

00 - oocyte





Figures 12 and 13. Apparent phagocytosis (arrow) by nutritive
phagocyte (NP) in mature ovary. Mitochondria (m) are
i.n close contact with lipid droplets (1). Karnovsky's
pH 6.8. 9, 380 X. 1.1µm = 1 cm.

Figure 14. Nucleus (.n) of NP in a pseudopod. NP also has other
fine pseudopods (p). Karnovsky's pH 6.8. 7,100 X.
1.4p,m = 1 cm.

Figure 15. Enlargement of portion of Figure 27. There are
a-glycogen particles (g) i.n the intercellular space as
well as i.n the nutritive phagocyte. Note apparent break-
age of NP plasma membrane where glycogen is being
released. Oocyte has a large dense sickle shaped
inclusion (s) just under the oolema. Karnovsky's pH
7.0. 38,300 X. 0.2611m = 1 cm.
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Figure 16. Cluster of oogo.nia (OG) and one egg beginning synapsis
(OS). Some mitochondria (m) have empty spaces in
them. Note the Golgi apparatus (G) and the hetero-
geneous aggregation of small particles (a) both of which
are common inclusions of oogo.nia. Karnovsky's pH
7.0. 19, 500 X. 0.5111m = 1 cm.

IHB - intrahaemal basal lamina (infolded)





Figure 17. Oocyte in synapsis, zygotene stage. Karnovsky's pH
6.4. 9,830 X. 1.1µm = 1 cm.

Figure 18. Oocytes in pachytene stage of first meiotic prophase.
Arrows indicate s ynaptenemyl complexes. Karnovsky's
pH 6.4. 9,380 X. 1.1p.m = 1 cm.

Figure 19. Cluster of oocytes in synapsis. Note synaptenemyl
complex (sc). There are vacuoles (v) in the nucleus
of the pachyte.ne oocyte, and it is in very close contact
(arrows) with the adjacent nutritive phagocyte (NP)
Karnovsky's pH 6.8. 10,000 X. 1.0µm = 1 cm.

- nucleus of NP

00 - growing oocyte





Figure 20. Cluster of oocytes in synapsis. Note flattened stack
of vesicles (arrow) and dense mitochondria (m).
Karnovsky's pH 6. 4. 14, 600 X. 0. 68 }JM = 1 cm.





Figure 21. Group of post synaptic oocytes. The mitochondria (m)
are still fairly dense and a heterogeneous aggregation
(a) similar to those found in oogo.nia can be seen. Large
invaginations (i) look like a vacuole in cross section.
Note close contact with nutritive phagocyte (NP).
Karnovsky' s pH 7.0. 19,500 X. 0.51 p. m = 1 cm.





Figure 22. Slightly larger post synaptic oocyte than ones in Figure
21. Nucleolus (no) is beginning to form and mitochondria
(m) have fewer cristae. Large invagination (i) in
cytoplasm looks like vacuole in cross section.
Karnovsky' s pH 7. 0. 19, 500 X. 0.51 11 m = 1 cm.





Figure 23. Nucleus of an oocyte at the start of the premicrovilli
growth phase. The interior of the nucleolus (no) is
lighter than the cortex and the nuclear membrane (nm)
has many pores, but no annuli. Note the double
membraned yolk (gy) and the pro-cortical granules
(cg). No Golgi complex is evident in this cell. There
is a large sickle shaped inclusion (s) on the surface of
this cell. Karnovsky's pH 7.0. 15,500X. 0.51 p.m =
1 cm.

m - mitocho.ndrion

p - pseudopod of a nutritive phagocyte





Figure 24. Oocyte i.n premicrovilli growth stage. Somewhat more
advanced than oocyte in Fig. 23. Nucleolus is uniformly
dense and a Golgi complex (G) is present. The oocytes
have several bulbous pseudopods (b) and a narrow in-
dentation (i) formed by one of them. Note how the
pseudopods (p) of the NP surround the small oocyte.
Large oocytes (00) in the micrograph are just beginning
the microvilli growth stage. Karnovsky's pH 6.8.
8,000 X. 1.3pm = 1 cm.

gy - granular yolk

m - mitochondrion





Figure 25.

Figure 26.

Oocyte in premicrovilli growth stage with a narrow
indentation (i) under a bulbous pseudopod (b). Myeloid
whorl (w) and granular yolk (gy) are present.
Karnovsky's pH 6. 4. 19, 500 X. 0.51 p. m = 1 cm.

d - dense inclusions

m - mitochondrion

p - pseudopod of nutritive phagocyte

Oocyte in premicrovilli stage. Note very electrondense
granules (d) and clumping of inclusions. Karnovsky's
pH 6.4. 7, 020 X. 1.4pm = 1 cm.

p - pseudopod of nutritive phagocyte

v - amorphous vesicle
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Figure 27. Cytoplasm of an oocyte at the start of the growth phase,
showing two types of sickle shaped inclusions: 1) larger
type (s) occurs at oolema and 2) membrane bound
endoplasmic type (es). Alpha-glycogen particles (g)
can be seen in the nutritive phagocyte (NP), in the
intercellular space, and just beneath the oolema. See
also Figures 15, 28, and 44 for enlargements of this
micrograph. Karnovsky's pH 7.0. 19, 500 X. 0.51 p.m =
1 cm.

gy - granular yolk

m - mitochondrion

p - pseudopod of nutritive phagocyte

Figure 28. Enlargement of membrane bound sickle shaped, endo-
plasmic inclusions. Note that some have an electron
dense substance in them while others are transparent.
Karnovsky's pH 7.0. 38,800 X. 0. 26µm ,=,1 cm.





Figure 29. cytoplasm of an oocyte. in premicrovilli phase with
characteristic cytoplasmic inclusions: 1) array of
small dense granules (ag), 2) lipid droplets (1), and
3) endoplasmic, sickle shaped inclusion (es).
Karnovsky's pH 6.4. 26,500 X. 0.38 p.m = 1 cm.





Figure 30. Oocyte in more advanced part of premicrovilli growth
stage. Note pro-cortical granules (cg) just beneath
surface as well as more internal ones. Karnovsky's pH
6. 4. 9,380 X. 1. 1 p.m = 1 cm.

ag - array of small dark granules

n - nucleus

NP - nutritive phagocyte

v - large amorphous vesicle





Figure 31. Ooctye in latter part of premicrovilli growth stage.
Compare amorphous pro-cortical granules (pcg) and
compact ones (cg) in this cell. Karnovsky's pH 6. 4.
14,600 X. 0.68µm = 1 cm.

ag - array of small dense granules

d - dense inclusion

er - rough endoplasmic reticulum

G - Golgi complex

gy - granular yolk

p - pseudopod of nutritive phagocyte

y - yolk platelet





Figure 32. Golgi complex in an oocyte near the end of premicrovilli
growth phase. A multivesicular body (mvb) is present.
Karnovsky's pH 6. 4. 26,500 X. 0.38 p.m = 1 cm.

a - annulus

e r - rough endoplasmic reticulum

Gv - Golgi vesicle

m - mitochondrion





Figure 33. Premicrovilli oocyte in ovary near the end of the
breeding season. (Microvilli at left are from an
adjacent egg). Vesicles and cortical granules are
clumped. Karnovsky' s pH 6.4. 7,100 X. 1. 4 p.m =
1 cm.





Figure 34. Two oocytes at the beginning of the microvilli stage
with very long mitochondria (m). There is a nutritive
phagocyte pseudopod (p) between the two cells, although
it is difficult to distinguish. Note the dark border (b)
on some of the pinocytotic pits (Figure 43 gives an
enlargement of this). There are some membrane
bound vesicles in some other pits
Karnovsky's pH 6.4. 14,600 X. 0.68 p.m = 1 cm.

ag - array of small granules

d - dense granule

gy - granular yolk

v - amorphous vesicles
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Figure 35. Cytoplasm of a full-size oocyte at end of growth
period. Very long mitochondria (m) are present.
Karnovsky's 7.0. 19,500 X. 0.51 p. m = 1 cm.

G - Golgi complex

Gv - Golgi vesicle

v - amorphous vesicle

y - yolk platelet
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Figure 36. Oocyte (00) in transition to microvilli stage. Nutritive
phagocyte (NP) is also sending out microvilli. Note
amorphous material in intercellular space. Karnovsky's
pH 6.8. 15,000 X. O. 67 p.m = 1 cm.

Figure 37. Oocyte (00) and nutritive phagocyte (NP) extending
microvilli toward one another. Note pi.nocytotic
pits and vesicles (arrows). Kar.novsky's pH 6.8.
15,.800 X. 0.67 p.m = 1 cm.

g - glycogen





Figure 38. Two oocytes in microvilli stage. The nutritive
phagocyte between these two eggs can be distinguished
by the presence of glycogen particles (g). Membrane
bound vesicles (arrows) can be seen in some of the
pinocytotic pits. Small gray bodies (x) can be seen
attached to pro-cortical. granules. Karnovsky's pH
6. 4. 14,600 X. 0.68 p.m = 1 cm.

G - Golgi complex

v - amorphous vesicle





Figure 39. Microvilli stage oocyte in ovary near end of breeding
season. Oocyte is surrounded by thin nutritive
phagocytes. Note pro-cortical granules (pcg). See
enlargement in Figure 40 of these granules.
Amorphous vesicles (v) are clumped near surface where
there is an interdigitation of microvilli from oocyte
and NP. Karnovsky's pH 6.4. 4,880 X. 2. 1 p.m =
1 cm.

p - pseudopod of nutritive phagocyte.

Figure 40. Pro-cortical granules. Small gray bodies (x) can be
seen attached to the forming granules. Karnovsky's
pH 6.4. 9,750 X. 1.0 p.m = 1 cm.

Figure 41. Detail of cytoplasm of microvilli stage oocyte showing
subunits of the yolk platelets. One yolk platelet has
subunits that are larger than usual. Karnovsky's pH
6. 4. 9, 750 X. 0.34 p, m = 1 cm.





Figure 42. Nutritive phagocyte (NP) - oocyte (00) interface. The
large a-glycogen (g) particles are found in the NP and
the intercellular space, but not in these microvilli
stage oocytes. Karnovsky's pH 6.4. 2,600 X.
0.38 p. m = 1 cm.

Figure 43.

b - dark bordered pit or vesicle

pp - pinocytotic pit

Enlargement of portion of Figure 34 showing dark
bordered pits (arrows). Karnovsky's pH 6.4.
29, 200 X. 0.34p.m = 1 cm.

Figure 44. Enlargement of portion of Figure 27. This premicrovilli
oocyte does have a-glycogen particles in its cytoplasm
as contrasted with the microvilli oocytes in Figure 42
which do not. Karnovsky's pH 7.0. 38,800 X.
0. 26 p.m = 1 cm.

es - sickle shaped, e.ndoplasmic inclusion

NP - nutritive phagocyte

00 - oocyte





Figure 45. Microvilli stage oocyte in the ovary near the end of the
breeding season. Note thin pseudopods (p) of the
nutritive phagocytes that are stretched around the
oocyte. The nucleolus (no) has a vacuole. Karnovsky's
pH 6. 4. 7,100 X. 1.4µm = 1 cm.

cg - cortical granule

er endoplasmic reticulum

ECB - extracollagen basal lamina

gv - germinal vesicle

HA haemal area

M - muscle

mvb - multivesicular body

SS - schizocoelous space

v - amorphous vesicle





Figure 46. Microvilli stage oocyte with stack of rough endoplasmic
reticulum cister.nae (er) and eccentric nucleolar
vacuole. Note small gray body (x) attached to pro-
cortical granule (See enlargement in Figure 47).
Karnovsky's pH 6.4. 9,380 X. 1.111m = 1 cm.

a - annulus

gv - germinal vesicle

no - nucleolus

Figure 47. Pro-cortical granule with attached gray body.
Karnovsky's pH 6.4. 18,800 X. 0.53 1.1.TTI = 1 cm.





Figure 48. Nucleus (germinal vesicle) breaking down in preparation
for maturation divisions. Karnovsky's pH 7.0.
9, 380 X. 1. 1 p.m = 1 cm.

a - annulus
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Figure 49. Egg in the beginning of the transition from oocyte to
ovum. The egg becomes separated from the surround-
ing nutritive phagocytes (NP) and its microvilli
become very elongated. Note the empty membranes
between the cells and the dark amorphous substance
(arrows) between the microvilli. Karnovsky's pH 6. 4.
14,600 X. 0.68 µ m = 1 cm.

sp - surface pit





Figure 50. Clear areas in cytoplasm of an egg in transition from
oocyte to ovum. Karnovsky's pH 7.0. 5, 700 X.
1.8 p.m = 1 cm.

a - annuli





Figure 51. Female pronucleus in a "dark" ovum. Note co.ncen-
tratio.ns of chromatin (arrows) attached to the inside
of the nuclear membrane. Kar.novsky's pH 6.4.
15,500 X. 0.65 p.m = 1 cm.

er - rough endoplasmic reticulum

Gv - Golgi vesicle

hb - heavy body

1 - lipid

m - mitochondrion

pn - pronucleus

y - yolk platelet





Figure 52. Female pronucleus in an ovum left in a spent ovary;
the cytoplasm shows some degeneration, but this
allows better examination of the heavy bodies (hb).
Note the one large clump (arrow) against the nuclear
membrane; this has a consistency similar to the heavy
bodies and is not quite as dense as the condensed
chromatin (c) that is also along the nuclear membrane.
Karnovsky' s pH 6. 4. 15, 500 X. 0. 65 p.m = 1 cm.

al - annulate lamella

pn - pronucleus





Figure 53. Cytoplasm of a "light" ovum. Karnovsky's pH 6.4.
14,400 X. 0.68 p.m = 1 cm.

al - annulate lamella

gy - granular yolk

hb - heavy body

1 - lipid

m - mitochondrion

v - amorphous vesicle

y - yolk platelet





Figure 54. Cytoplasm of a "light" ovum, showing oolema with
vitelli.ne membrane (vm). Note clumping of amorphous
vesicles (v). Karnovsky' s pH 6.4. 9,380 X.
1,1 p,m = 1 cm.

cg - cortical granule

Gv - Golgi vesicle

gy - granular yolk

1 - lipid

m - mitochondrion

y - yolk platelet

y.n yolk .nucleus





Figure 55. "Yolk nucleus" of circular complex of rough
endoplasmic reticulum in "light" ovum. Kar.novsky's
pH 6. 4. 30, 600 X. 0.33µm = 1 cm.

1 - lipid

m- mitochondrion

y - yolk platelet





Figure 56. Cytoplasm of a "dark" ovum. Kar.novsky's pH 6.4.
19,.500 X. 0.51µm = 1 cm.

cg - cortical granule

Gv - Golgi vesicle

1 - lipid

m - mitochondrion

v - amorphous vesicle

y - yolk platelet





Figure 57. Cytoplasm of a "light" ovum. Endoplasmic reticulum
(er) shows up well with this fixation, but the burst
cortical granule is an artifact (A). Karnovsky's pH 7.4.
9,380 X. 1.1µm = 1 cm.

al - annulate lamella

cg - cortical granule

G - Golgi complex

Gv - Golgi vesicle

hb - heavy body

m - mitochondrion

v - amorphous vesicle

y - yolk platelet





Figure 58. Two ova in a mature ovary containing a great deal of
cellular debris. The third egg (DE) is degenerate.
Karnovsky's pH 6.8. 2,600 X. 3.8 [1, rn = 1 cm.

0 - ovum

v - amorphous vesicle





Figure 59. Jelly coats with mitochondria adhering to them.
Karnovsky's pH 6.4. 9,380 X. 1.1 p.m = 1 cm.

jc - jelly coat

m - mitochondrion

0 - ovum




