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ABSTRACT

The test cell in the ovary of the tunicate Styela contains a large and robust Golgi complex
which demonstrates a regional structural differentiation. In one of the regions, branching
of the lamellae occurs resulting in a honeycomb or lattice-type arrangement. Small, dense
granules or homogeneous material of moderate density may be present within certain of
the Golgi cisternae. The close association, or continuity in some cases, between elements
of the Golgi complex and immature forms of pigment suggests that the Golgi complex in
these cells is involved in pigment formation. These relationships are shown and discussed
in terms of possible functional significance.

INTRODUCTION

The Golgi complex was first observed with the
electron microscope by Dalton in 1952. Subse-
quently, the numerous investigations dealing
with the ultrastructure of this organelle have
revealed a remarkably common structural plan
permitting its identification in cells of many dif-
ferent types, in both animals (cf. reviews by Beams
et al., 1957; Pollister and Pollister, 1957; Palay,
1958; Dalton, 1961) and plants (Buvat, 1957).
Although its extent and distribution varies from
one cell type to another and under different
physiological conditions, the component parts and
basic structure of the Golgi complex as observed
in electron micrographs appears relatively con-
stant. The Golgi material typically consists of a
variable number of flattened sacs or cisternae often
arranged in stacked parallel array, as well as a
number of small vesicles (ca. 500 A) and larger
vacuoles. The membrane limiting each of these
structures is approximately 70 A thick and devoid
of ribonucleoprotein particles. While the Golgi

material can be differentiated from the membra-
nous elements of the endoplasmic reticulum by its
peculiar arrangement or distribution and lack of
ribonucleoprotein granules, it appears that the
two organelles may be continuous in at least some
cells on occasion (Palade, 1955). Dense granules
of variable size are sometimes observed within
the cisternae of the Golgi components (Ferreira,
1957; Palay, 1958; Fawcett, 1959; Kessel and
Kemp, 1962; Mollenhauer and Whaley, 1963)
and especially in cells involved in nuerosecretion
(Scharrer and Brown, 1961; Scharrer, 1963;
Bern, Nishioka, and Hagadorn, 1962).

A previous note on the test cells in the ovary of
the tunicate, Styela, described the fine structure
and maturation of the pigment granules (Kessel,
1962). Subsequent studies on these cells at dif-
ferent stages of development have revealed the
presence of an unusual configuration of the Golgi
complex which appears to be associated with the
formation of precursor pigment material. These
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observations are described and discussed in the
present report.

MATERIALS AND METHODS

The specimens of Styela. sp. used in this study were ob-
tained from the Woods Hole, Massachusetts region
and from the Pacific Bio-Marine Company, Venice,
California. Portions of the ovary containing oocytes
of different sizes were fixed in either a 1 or 2 per
cent solution of osmium tetroxide prepared using
either sea water or distilled water and either buf-
fered with veronal-acetate (Palade, 1952) to a pH of
7.5, 7.8, or 8.2, or ubuffered. The tissue was fixed
for 1 to 2 hours at 4°C. Subsequent to rapid dehydra-
tion in a series of cold ethanols and treatment with
propylene oxide, the oocytes were embedded in
Epon 812 (Luft, 1961). Sections displaying silver or
gold interference colors were obtained with a Porter-
Blum ultramicrotome equipped with glass knives.
The sections were mounted on coated or uncoated
grids, stained with a saturated aqueous or alcoholic
solution of uranyl acetate (Watson, 1958), and ex-
amined in an RCA EMU-3D. Unstained sections
were also examined in the electron microscope.

OBSERVATIONS

The so called "test" cells comprise a component

of the follicular envelope of the tunicate oocytes.
These cells are also referred to as inner follicle

cells by some (cf. Berrill, 1950), but for the sake

of clarity the term test cell will be used in this

description. According to some authors, ova and

primary follicle cells arise from an unspecialized

germinal epithelium, the inner "test" cells dif-

ferentiating from the primary follicle cells. The
primary follicle cells then differentiate into an

inner and an outer follicle epithelium (Tucker,
1942). The eventual relationships between the

A

oocyte and the follicular envelope are diagrammed
in Fig. I (A to C). It will be noted that, shortly
after their formation, the test cells become com-
pressed into the surface of the developing oocyte
and thus reside in pits or rounded concavities
in the oocyte surface. After a vitelline membrane
(chorion) is formed, the oocyte and test cells
become separated by it from the remainder of the
follicular envelope. Later in oogenesis, the test
cells lie free in the perivitelline space (Berrill,
1950).

During the time that they reside in rounded
concavities of the oocyte surface, the test cells are
often spherical in shape and about 10 u in diame-
ter. While the plasma membranes of the oocyte
and test cell are very closely applied, continuity
between the two cells in Styela was never observed.
The test cells are formed at a time when the
oocyte cytoplasm is relatively undifferentiated.
During the growth and differentiation of the
oocyte, pigmented granules accumulate in the
test cells and eventually appear to fill the cells.
The color of the pigment in living preparations of
Styela is reddish-orange.

The differentiation of the pigment occurs in
large, spherical, membrane-bound vacuoles ap-
proximately 2 to 4 u in diameter (Fig. 13). The
pigment within the vacuoles is first recognizable
as numerous, extremely thin, beaded filaments.
The smallest of the filaments is about 100 to 150 A
in width, but their width and length vary with the
stage of formation (Fig. 12). The pigment matures
by increasing in width and by the formation of
definite doughnut-shaped units about 350 to 600
A in diameter connected in a linear series forming
chains (Fig. 14). Some degree of orientation of

Uj

RFGuRE 1 A diagrammatic presentation of some of the events associated with the differentiation of the
tunicate follicle (A to C). The following are identified: oocyte (0); primary follicle envelope (FE); test
cells (T); inner follicle cells (); outer follicle cells (U); chorion (M). Based in part on descriptions given
by Tucker (1942).
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FIGURE 2 Low power electron micrograph of a test cell embedded in the periphery of an oocyte (0).
The plasma membranes of the test cell and oocyte are closely applied, but no continuity is observed. The
large Golgi complex (CC) is present in the central region of the test cell. Note the close association between
the Golgi material and an immature pigment granule (P). The honeycomb appearance of certain of the
Golgi membranes is apparent. Pigment granules at different stages of maturation are also numerous
(P2 , P3). X 13,000.
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these numerous differentiated chains is noted
within a single, mature pigment particle or
"granule."

The young test cell, soon after its formation,
contains a small amount of rough-surfaced endo-
plasmic reticulum, several lipid particles, and
small, scattered mitochondria. However, soon
after the cell has been formed, the Golgi material
becomes very prominent and is present in the
form of a single, large unit which may be several
microns long (Fig. 2). The general structure
assumed by the entire Golgi complex is somewhat
variable, depending in large measure on the
amount and state of maturation of the pigment in
the test cells. As more pigment accumulates in
the cell with time, the Golgi complex, nucleus,
and other cell organelles may become compressed,
bent, or otherwise distorted from their previous
appearance by the accumulating pigment gran-
ules.

A regional differentiation in structure within
the Golgi complex is usually observed in the test
cells. Thus, structurally different areas may be
apparent in a single Golgi complex. For example,
a portion of the complex may consist of a number
of parallel membranes which extend for some
distance without interbranching (Fig. 5, 6, 9).
In such areas the membranes or cisternae have the
typical structure of Golgi membranes or cisternae
as observed in other cells. It is often possible to
observe very small, dense granules within the
cisternae in this region, these granules having a
diameter of about 60 to 70 A (Fig. 9). Each
membrane in this region is approximately 60 to
to 75 A in width, while each cisterna is approxi-
mately 100 to 150 A in width. The Golgi complex
may contain another region continuous with the
one just described but structurally different. In
this area, the Golgi membranes branch and
anastomose repeatedly, producing a lattice-work
or honeycomb appearance (Figs. 2, 4, 5, 7, 10).

As a result of this interbranching, the cisternae
in this area appear interconnected. The cisternae
of this region contain a homogeneous material of
moderate density. This particular modification of
the Golgi complex was consistently observed and
appears to be a characteristic feature of the Golgi
complex in this cell. The same Golgi complex
may also contain a region structurally less distinct
than those just described. The appearance of this
area is due to the plane or angle of sectioning the
lamellae.

Numerous vesicles of different sizes are closely
associated with the Golgi membranes in the test
cell (Figs. 3, 4). In many cases, the interior of the
isolated vesicles is similar in density to the cisternal
contents of the Golgi complex (Fig. 4). That
the apparently isolated vesicles may be derived
from the ends of the Golgi cisternae by a blebbing
process is suggested in the micrographs (Fig. 4).
In these cases, the ends of the cisternae are rounded
in what is interpreted as a stage in the pinching-
off of small vesicles. These rounded blebs are
similar in size and density to isolated vesicles
nearby. The blebbing is consistently observed
to be associated with that portion of the Golgi
complex which displays the branching and anas-
tomosing cisternae. Larger vesicles whose content
is also of low density are present in the Golgi
region (Figs. 4, 6, 11).

Another structural feature consistently observed
in the test cell is the close association between
the Golgi complex and the membrane-bound
vacuoles which represent a very young stage in
the formation of the pigment granules (Figs. 2
to 4). The ends of the elongated Golgi complex
are observed to be closely applied to the immature
pigment vacuoles. At higher magnification, the
short cisternal elements and small vesicles of the
Golgi complex are closest to the vacuoles. (Figs.
3, 4, 10). The content of the vacuole is of low
density, and typically consists of a variable amount

FIGURE 3 A portion of the Golgi material is seen in another test cell. The branching and
anastomosis of the Golgi membranes resulting in a lattice-type configuration are observed
in several regions. Note the homogeneous material of moderate density within some of the
Golgi cisternae. Observe also the density and size of the numerous, apparently isolated
vesicles associated with the Golgi lamellae and the close association (arrows) between the
Golgi elements and a portion of an immature pigment granule (IP). Maturing pigment
(P). X 42,000.
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FIGURE 4 A large number of small vesicles are located in the Golgi region (GC). It appears that many of
these are derived from the Golgi cisternae by a blebbing process (B). Close association or continuity is
again indicated (arrows) between elements of the Golgi complex and an immature pigment granule (IP).
A small amount of granular endoplasmic reticulum is present (ER). Larger vesicles are also located in the
Golgi region (V). X 69,000.
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of small, beaded filaments when the Golgi material
is most closely associated with it (Figs. 3, 4, 10).
These vacuoles have been described previously as
representing immature stages of the developing
pigment granules (Kessel, 1962). The most imma-
ture pigment granule is usually irregular in shape
as comared to thpe more mature granules which
are characteristically spherical (Fig. 10, 13).
Smaller vacuoles are also observed scattered
among the Golgi elements, and it appears con-
ceivable that these are derived from the fusion of
Golgi vesicles and represent an intermediate,
formative stage in the production of immature
pigment granules (Fig. 11).

The test cells become progressively filled with
numerous membrane-bound pigment granules in
different stages of maturation (Figs. 2, 13). The
internal structure of a portion of a single, mature
pigment granule is shown in Fig. 14. Eventually,
the cell is almost filled with pigment, resulting
in the nucleus and cytoplasmic components being
restricted to a small region. Few cytoplasmic
organelles are then observed at this late stage in
development. For example, the Golgi material is
no longer visible when the test cell is largely filled
with pigment granules as shown in Fig. 13.

DISCUSSION

One of the earliest functions ascribed to the Golgi
complex was that of forming the acroblast in cer-
tain male germ cells (Bowen, 1924). Stages in this
process have subsequently been described with
the electron microscope (Burgos and Fawcett,
1955; Fawcett, 1959). It also appears that the
Golgi material may be involved in the storage and
possibly in modification of some substances such
as lipid following their absorption (Palay and
Karlin, 1956; Dalton, 1961), substantiating the
earlier views of Krehl (1890) and Weiner (1926).
In addition, in many neurosecretory cells the
secretory products appear to become first evident
in various regions of the Golgi components (De-
Robertis and Vaz Ferreira, 1957; Scharrer and
Brown, 1961; Scharrer, 1963; Hagadorn, Bern,
and Nishioka, 1963). Secretory products of certain
other cell types have been described as arising
either wholly or partially within the elements of
the Golgi complex (Rinehart and Farquhar,
1953; Challace and Lacy, 1954; Farquhar and
Rinehart, 1954; Sj6strand and Hanzon, 1954;
Haguenau and Bernhard, 1955; Dalton, 1956;
Ferreira, 1957; Farquhar and Wellings, 1957;

Palay, 1958; Slautterback and Fawcett, 1959;
Kessel and Kemp, 1962; Mollenhauer and
Whaley, 1963). The Golgi complex has also been
described as the site of origin of melanin granules
in several mammalian tumor and cancer cells
(Birbeck, Mercer, and Barnicott, 1956; Dalton,
1959; Wellings and Siegel, 1959).

However, it appears that in a number of cell
types the Golgi complex plays little or no role in
the actual synthesis of secretion or of cell products
(Weiss, 1953; Palade, 1956; Hendler et al., 1957;
Siekevitz and Palade, 1958 a, b, c; Beams and
Kessel, 1963). That secretory products synthesized
elsewhere may later undergo maturation and con-
centration within the Golgi complex by removal
of water to form definitive secretory droplets,
however, was earlier suggested by Bowen (1929)
and subsequently discussed by Palay (1958) and
others. The Golgi complex appears to contain
high specific concentrations of acid phosphatase
and phospholipids (Kuff and Dalton, 1960), and
the presence of nucleosidephosphatase activity
has been demonstrated by Novikoff et al. (1962),
using cytochemical techniques adapted to the
electron microscope. The suggestion has also been
advanced that a close relationship may exist in
some cells between the Golgi material and forma-
tion of lysosomes (Novikoff, Essner, Goldfischer,
and Heus, 1962).

The Golgi complex in the test cells of Styela is a
comparatively large structure. The organization of
the Golgi complex into regions which differ struc-
turally appears to represent a rather specialized
condition, as does the branching and interjoining
of the lamellae resulting in a lattice or honeycomb
arrangement with interconnections between many
of the cisternae in the complex. A homogeneous
material of some density appears within this region
of the Golgi complex and in the small vesicles
associated with it. Circumstantial evidence itself
suggests that the Golgi complex in this cell may be
associated with the synthesis and formation of
pigment. This is suggested, for example, from the
fact that the major activity of the test cell appears
to be the formation of pigmented secretion, since
eventually the cell is completely filled with pig-
ment granules, and the fact that the Golgi complex
is the most prominent organelle in these cells. In
addition, the close morphological relationships
between the Golgi complex and the forming pig-
ment granule suggest a functional association.
The ends of the Golgi complex are consistently
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observed closely applied to the surface of mem-
brane-bound vacuoles, the latter representing the
most immature stages in the development of the
pigment.

The structure of the Golgi complex in the test
cells of Styela appears associated in some way with
the formation of pigment. While the difficulties
of equating structural variations and interrelation-
ships with functional activity are recognized, the
following events are suggested on the basis of
morphological relationships observed at different
stages in the differentiation of the test cell. The
Golgi membranes appear to be involved in the
formation of small vesicles by a blebbing process.
Many of these vesicles appear to enlarge or fuse,
resulting in vacuoles of different sizes with dif-
ferent amounts of filamentous material in them.
A homogeneous material of moderate density is
first recognizable within the small vacuoles, and
this appears to be derived from the cisternae of the
Golgi complex via the small vesicle. The vacuoles
increase in size to that characteristic of the defini-
tive pigment granule. At this time, the contents
of the vacuole are observed as short, thin, beaded
filaments. During these stages of vacuole growth
and differentiation, the Golgi complex is closely
applied to the vacuole, and it is indicated that
lamellae and vesicular elements of the Golgi
complex may fuse with the pigment vacuole wall.
If this be true, then the homogeneous material
observed within the cisternae of the Golgi complex
would be contributed to the forming pigment
vacuole and represent precursor material for the
pigment. Subsequent stages in the growth and
maturation of the pigment have already been

described (Kessel, 1962). Further growth and
maturation of the pigment within the membrane-
limited vacuole appears to be a function inherent
within the vacuole or a property of the immature
pigment.

Because of the close relationship between the
developing oocyte and the test cells in tunicates,
the test cells have long been the subject of con-
troversy with regard to the role they play in the
growth of the oocyte. For example, Harvey (1927)
reported that the test cells in Ciona were observed
to "pour lipoid materials into the egg during
yolk formation." Knaben (1936) suggested,
without presenting formal evidence, that the test
test cells in Corella produced a protease during
late embryonic development which served to
digest the chorion. Biochemical information about
the pigmented material in the test cells is lacking.
Thus, the functional significance of these cells
remains obscure. However, on the basis of elec-
tron microscope studies dealing with the mecha-
nisms of yolk formation in the oocyte of both Styela
and Ciona (unpublished observations), it appears
that the test cells play little or no role in vitel-
logenesis in these forms.
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FIGURE 9 An enlarged portion of the Golgi cisternae showing the presence of small,

dense particles (arrow). X 80,000.

FIGURES 10 to 11 Both figures show apparent continuity (arrows) between lamellar

elements of the Golgi complex (GC) with young or immature pigment (IP) granules, the
contents of which at this stage consist only of a small amount of filamentous material.
Portions of other immature pigment granules at P. Fig. 10, X 14,000; Fig. 11, X 32,000.
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FIGuRE 12 A portion of an immature pigment vacuole or granule showing the beaded

filaments characteristic of the immature pigment. X 32,000.

FIGURE 13 This test cell is largely filled with pigment granules in different stages of

maturation (P1, P2, P3). The nucleus (N) appears compressed by the surrounding granules.

Eventually, the test cell consists principally of pigment granules with very few cytoplasmic

organelles. X 15,000.

FIGURE 14 A portion of a mature pigment vacuole or granule showing the structure

characteristic of the individual units comprising the pigmented granule. X 53,000.
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