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Abstract The vitelline syncytium of the embryonic rockfish, Sebastes schlegeli, was ex-
amined by electron microscopy. The syncytium encloses the entire yolk mass in the yolk-
sac, separating it from the embryonic body and the circulating fetal blood. Numerous
small yolk droplets fused into coagulated masses were detected in the syncytial cytoplasm
near the border with the yolk mass. Two structurally different regions were distinguished
in the syncytium: one characterized by an extensive network of the smooth surfaced endo-
plasmic reticulum, numerous mitochondria and a large number of glycogen granules, and
the other by compactly arranged cisternae of the rough surfaced endoplasmic reticulum
and developed Golgi complexes. In some surface areas where the endothelial wall of
blood vessels is incomplete and the fetal blood is in direct contact, the syncytium showed
finely vacuolated cytoplasm forming an intricate structure between the cytoplasmic pro-
cesses of the blood cells. These characteristic features of the vitelline syncytium are dis-
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cussed in view of its functional significance in yolk absorption.

The yolk is the sole nutrient source for the
developing embryos of oviparous fishes until
they begin to feed. Biochemical evidence
shows that yolk phosphoproteins and phos-
pholipids decrease in accordance with the
development of fish embryos (Yamagami,
1960a, b; Monroy et al., 1961). The whole
yolk mass in a developing fish embryo after
the closure of the blastopore is enclosed by
the vitelline syncytium, or the periblast, a
tissue specially differentiated for yolk absorp-
tion (Yamada, 1959a, b; Williams, 1967). The
yolk, therefore, must be utilized by the fish
embryo via the vitelline syncytium. The
function of this tissue is probably to trans-
form yolk substances into materials readily
utilizable by the rapidly developing embryo.

Very little has been known of the ultra-
structural and functional characteristics of the
vitelline syncytium. To elucidate the func-
tional significance of this tissue in yolk ab-
sorption, we examined the fine structure of
the vitelline syncytium in intra-ovarian em-
bryos of the rockfish, Sebastes schlegeli. This
fish is an ovoviviparous species, but the em-
bryos are considered to depend solely on the
yolk for their nutrients because they do not
have any specific organ for absorbing maternal
substances such as the trophotania found in

Characodon eiseni (Mendoza, 1972) and Oligopus
longhursti (Wourms and Cohen, 1975).

Material and methods

Pregnant rockfish, Sebastes schlegeli, were
captured from the coastal waters near Hako-
date and reared in a culture tank with run-
ning sea water at Hokkaido Marine Cultiva-
tion Center at Shikabe. Intra-ovarian em-
bryos were taken out by incision of their
ovaries. The embryos were found ready to
hatch twisted in the vitelline membrane, but
some had stretched their bodies out of the
membrane probably because of a mechanical
stress at sampling.

The embryos were fixed with a mixture of
29 paraformaldehyde and 2.5% glutaral-
dehyde in 0.05% cacodylate buffer (pH 7.4)
for 1.5 hours (Karnovsky, 1965), and then post-
fixed with 194 osmium tetroxide in phosphate
buffer for 1 hour. After being dehydrated
through a series of graded alcohol concentra-
tions, they were embedded in an Epon-812
resin mixture. Ultrathin sections were cut
using a Porter-Blum ultramicrotome, stained
doubly with uranyl acetate and lead citrate,
and examined with a Hitachi HU-12 electron
microscope. Some thick sections (0.5~1.5 ym
in thickness) were stained with methylene blue
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and azur II for light microscopic observations
(Richardson et al., 1960).

Observations

The intra-ovarian embryos obtained by
ovarian incision were identified externally to
correspond to stage 28 (pre-hatching) in the
development of Fundulus (Oppenheimer, 1937).
An embryonic body of about 5 mm long was
provided with a relatively large yolk-sac,
about 1.2mm in diameter, in the anterior
half of the body (Fig. 1). The alimentary
canal was twisted half way to the anus at the
point where the liver and the pancreas lie to
the right and left sides of the canal, respec-
tively. The posterior end of the canal, or
the rectum, was enlarged containing an opaque
substance. The mouth had opened and the
pectoral fins and other fin folds were well
developed. Pigmentation was taking place in
the peritoneal wall and at the top of the head.
The heart was beating regularly but streaming
of blood and blood cells was difficult to
observe.

In section, yolk was observed as a large
homogeneous mass, the whole surface of
which was directly enveloped by a thin syn-
cytial tissue, the vitelline syncytium (Fig. 2).
Dorsally to the yolk-sac were the alimentary
canal, the liver and the pancreas all of which
lie on the syncytial wall intervened by a thin
layer of cells and blood vessels. These and
other blood vessels on the syncytium surface
were bordered by thin endothelial walls. In
some places, however, the endothelial walls
were found to be still incomplete and the
fetal blood was in direct contact with the
syncytium. This was particularly evident in
the area where the sinus venosus is contiguous
to the syncytium at the anterior part of the
yolk mass. One large oil globule (0.5 mm in
diameter) occupied the lower central region
of the yolk mass. The dorsal half of the oil
globule was embedded in the yolk mass while
its ventral half was enclosed by a thin layer
of the vitelline syncytium lined externally by
the ventral dermal wall of the yolk-sac.

The vitelline syncytium was about 0.09 mm
in average thickness except the portions conti-
guous to the sinus venosus and the oil glo-
bule, where the maximum thickness measured

0.35 mm.

Electron microscopic observations of the
vitelline syncytium revealed characteristic
localization and distribution of some cyto-
plasmic organelles and inclusions. Numerous
vesicular yolk droplets bounded by a single
membrane, 0.2 ym to 1 m in diameter, were
distributed in the border region between the
syncytium and the yolk mass (Fig. 3). They
were mostly oval or round but sometimes
complicated in shape. Further interior in the
syncytium smaller yolk droplets were gather-
ing in places to form coagulated masses
(Fig. 4). Some of the coagulated droplets
had lost the limiting membrane and their
contents showed a decreased density. Some
myelinated or vacuolated structures of various
sizes and shapes were found frequently near
the coagulated droplets (Fig. 4). Exception-
ally large yolk droplets (3 um~36 ym in dia-
meter) were sometimes observed in the syn-
cytium (Figs. 2, 5). Such large yolk droplets
were more often detected in the ventral re-
gion near the oil globule.

Abundant mitochondria were distributed
randomly in the interior of the syncytium
(Fig. 6), but not in the border region facing
the yolk mass where many vesicular yolk
droplets were found (Fig. 3). The mito-
chondria were mostly oval or rod-shaped with
an average length of 0.8 ym but some were
elongated up to 8 xm in maximum length.
They had numerous tubular cristae and the
matrix of a low electron density with no
internal granules. Both the inner and the
outer membranes were undulated.

A compact network consisting of abundant
tubules of smooth surfaced endoplasmic reti-
culum (SER) extended throughout the syn-
cytium (Fig. 3). In the inner region, this
network was particularly conspicuous in close
association with mitochondria (Figs. 6, 7).
On the other hand, compactly arranged cis-
ternae of rough surfaced endoplasmic reti-
culum (RER) extended in portions across the
syncytium forming a stratified structure (Fig.
8). The stratified cisternae of these extensive
RER fields often contained a moderately dense
granular substance. Many Golgi complexes
consisting of numerous vesicles, some large
round bodies and poorly developed Golgi
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Fig. 1. Stretched intra-ovarian embryo of Sebastes schlegeli. The yolk-sac includes a large yolk
mass (Y) and an oil globule (OG). A, anus; AC, alimentary canal; E, eye; M, mouth; R,
rectum. x24.

Fig. 2. A sagittal section of the yolk-sac showing the large smooth yolk mass (Y) enveloped by
a thin layer of vitelline syncytium (VS). Several large yolk droplets (YDL) are seen in the
syncytium. AC, alimentary canal; L, liver. Epon section stained with methylene blue and
azur II. x80.

Fig. 3. Vitelline syncytium extending over the yolk mass (Y) with the border region containing
numerous small yolk droplets (YDS). The outer surface of the syncytium (OS) is contiguous
to the endothelium of a blood vessel in which fetal blood (B) is contained. Abundant mito-
chondria (M) and glycogen granules (GL) are distributed in the syncytium. IS, inner surface
of the syncytium; SER, smooth surfaced endoplasmic reticulum. Stained with uranyl acetate
and lead citrate. x11000.

Fig. 4. A mass of coagulated small yolk droplets (arrow) adjacent to the border region where a
number of yolk droplets are segregating from the yolk mass (Y). Some of the coagulated
droplets of a decreased density are losing their limiting membrane. MS, myelinated structures.
Stained with uranyl acetate and lead citrate. x11000.

Fig. 5. One large (YDL) and many small (YDS) yolk droplets segregated from the yolk mass (Y)
in the vitelline syncytium (VS). Thick Epon section stained with methylene blue and azur
IT. % 1000.
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(SER) extended in the syncytium. N, nucleus of the syncytium. Stained with uranyl acetate
and lead citrate. x6000.

Fig. 7. Developed smooth surfaced endoplasmic reticulum (SER) in close association with mito-
chondria (M). GL, glycogen granules. Stained with uranyl acetate and lead citrate. x 18000.

Fig. 8. Stratified cisternae of rough surfaced endoplasmic reticulum (RER) in close association
with Golgi complexes (G) consisting mainly of vesicles (GV) and large bodies (GB). Two types
of large bodies are distinguished as to the density. OS, outer surface of the syncytium; Y,
yolk mass. Stained with uranyl acetate and lead citrate. x7800.

Fig. 9. Golgi complexes (G) accompanied with coated vesicles (CV) in the RER region. RER,
rough surfaced endoplasmic reticulum. Stained with uranyl acetate and lead citrate. x 12000.
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Fig. 10. Vesicles containing a dense granular substance (arrows) in the surface area of the syn-
cytium. A similar substance is noted in the fetal blood (B). BC, blood cell; OS, outer surface
of the syncytium. Stained with uranyl acetate and lead citrate. x13500.

Fig. 11. Vacuolated structures (V) in the outer surface of the syncytium (OS) facing the sinus
venosus. Blood cells (BC) are in direct contact with the syncytium where large nuclei (N)
are accumulated around the vacuoles. Y, yolk mass. Thick Epon section stained with methyl-
ene blue and azur II.  x1000.

Fig. 12. Fine cytoplasmic network found in the vacuolated structures in the area shown in Fig.
11. B, fetal blood; BC, blood cells; OS, outer surface of the syncytium; V, vacuolated struc-
ture; VS, vitelline syncytium. Stained with uranyl acetate and lead citrate. x5000.

Fig. 13. Intricate cytoplasmic interdigitations (arrows) between a blood cell (BC) and the syn-
cytium (VS). B, fetal blood. Stained with uranyl acetate and lead citrate. x7800.
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cisternae were observed among the stratified
cisternae of the RER. Some of the vesicles
were enwrapped with a rough surfaced mem-
brane, taking the appearance of coated vesicles
(Fig. 9). The large round bodies were ob-
served to be of two types: one filled with a
dense homogeneous material and the other
with a moderately dense granular substance
(Fig. 8).

Abundant glycogen granules were distri-
buted throughout the syncytium except in the
RER fields. These granules were particularly
conspicuous in the inner region where they
frequently aggregated to form separate clumps
(Fig. 3).

The fetal blood contained a dense granular
material (Figs. 10, 12). The syncytium surface
contiguous to the fetal blood showed for the
most part a complicated configuration with
intricate cytoplasmic projections. Just inside
this area were noted some vesicles which
contained a dense granular material similar
to that found in the fetal blood (Fig. 10).
The portion facing the sinus venosus where
the endothelial wall was incomplete showed
a characteristic feature. By light microscopy,
vacuolization of the cytoplasm was observed
to occur in this portion. The vacuolization
seemed to proceed as if the cytoplasm was
eroded or disintegrated from the outer surface
where many blood cells were accumulated
(Fig. 11). Large nuclei of the syncytium were
often found around the vacuolated area.
Ultrastructure of this area revealed numerous
vacuoles surrounded by a fine network of the
syncytial cytoplasm (Fig. 12). Some of the
blood cells accumulated in this area often
extended intricate cytoplasmic processes into
the syncytial cytoplasm (Fig. 13).

Discussion

Histological and histotopographical aspects
of the vitelline syncytium in Sebastes schlegeli
were basically similar to those in the pond
smelt, Hypomesus olidus, and salmonids, Onco-
rhynchus keta and Salmo irideus (Yamada,
1959a, b). Electron microscopic observations
of the present study, on the other hand, dis-
closed characteristic localization and distri-
bution of cell organelles in the syncytium and
inclusions which seemed to be involved in

active absorption of yolk. Two different
regions were distinguished in the syncytium
based on the fine structure; one is character-
ized by the presence of a compact network
of SER, numerous mitochondria and a large
number of glycogen granules, and the other
by developed stratified cisternae of RER,
Golgi complexes with abundant vesicles and
some large bodies.

Compact distribution of SER in association
with mitochondria has been known to occur
in cells of some mammalian tissues, such as
liver, intestine, testis and adrenal cortex, in
which active carbohydrate or lipid metabolism
is taking place with participation of these
cell organelles (Yamada, 1965; Orrenius and
Ericsson, 1966; Niedelen, 1967; Cardell et al.,
1967; Friend and Brassil, 1970). Another
instance of developed SER is found in chlo-
ride secreting cells in which the SER is in-
volved in the active transport of inorganic
ions (Philpott, 1967). Biochemical investiga-
tions have confirmed that the SER and mito-
chondria both participate in carbohydrate or
lipid metabolism (Stein and Shapiro, 1958;
Senior and Isselbacher, 1960; Hulsmans, 1961;
Wilgram and Kennedy, 1963; Stetten and
Taft, 1964). Furthermore, the co-existence
of mitochondria and SER-derived microsomes
was suggested to be essential for phospholipid
synthesis in vitro (McMurray and Dawson,
1969). On the other hand, the function of
RER is the synthesis of proteinous substances
and that of Golgi complexes is the addition
of carbohydrates to the proteins (Jamieson
and Palade, 1968a, b; Ashley and Peters, 1969;
Zagury et al., 1970; Case, 1978).

Therefore, the region of the vitelline syn-
cytium characterized by extensive SER, de-
veloped mitochondria and a large number of
glycogen granules is probably responsible for
carbohydrate or lipid metabolism or both.
Active glycolysis, synthesis of fatty acids and
the regulation of these metabolic pathways
are considered to be major events in this
region. The region characterized by RER
and developed Golgi complexes associated
with numerous vesicles must be involved in
the synthesis and transport of proteinous
substances needed for embryonic development.

Yolk substances in the chick embryo are
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absorbed by phagocytotic activity of the
endoderm cells which are in immediate con-
tact with the yolk (Bellairs and New, 1962;
Bellairs, 1963; Williams, 1967). In the fish
embryo, however, yolk substances are ab-
sorbed by phagocytotic activity of the vitelline
syncytium. The absorbed yolk is probably
transformed into lower molecular substances
by the activity of lysosomal enzymes in the
syncytium. A part of the degraded substances
may be directly utilized by the embryo and
others may serve as materials for the synthesis
of high molecular substances, which may be
transported into the fetal blood by the mem-
brane system of SER and Golgi complexes.
Yamada (1959b) observed in salmonid fry
that large nuclei of the vitelline syncytium
migrate towards the vitelline veins and appear
to liberate their Feulgen-positive contents into
vitelline veins. Large nuclei of the syncytium
in embryos of the muskellunge, Esox masqui-
nongy, and the zebrafish, Brachydanio rerio,
contain 4 to 20 folds of DNA in comparison
with somatic cell nuclei of the same embryo
(Bachop and Schwartz, 1974). These facts
and the characteristic feature of the syncytium
in the portion facing the sinus venosus, where
an intimate relationship between the syn-
cytium and fetal blood cells was observed,
are of particular interest in considering that
the function of the syncytium might be more
than simply the transport of yolk substances
into the blood. Elucidation of the relation-
ship between the fetal blood cells and the
vitelline syncytium awaits further observations.

Acknowledgments

We wish to extend our appreciation to Mr.
Muneharu Kusakari and the staff of the
Hokkaido Marine Cultivation Center at
Shikabe for their help in the collection of
materials.

Literature cited

Ashley, C.A. and T. Peters. 1969. Electron
microscopic radioautographic detection of sites
of protein synthesis and migration in liver. J.
Cell Biol., 43: 237~249.

Bachop, W. E. and F. J. Schwartz. 1974. Quan-
titative nucleic acid histochemistry of the yolk
sac syncytium of oviparous teleosts: Impli-
cations for hypotheses of yolk utilization. In

Blaxter, J. H.S., ed.: The early life history
of fish, Springer-Verlag, Berlin, 345~353.

Bellairs, R. 1963. Differentiation of the yolk
sac of the chick studied by electron microscopy.
J. Embryol. Exp. Morph., 11: 201~225.

Bellairs, R. and D. A.T. New. 1962. Phago-
cytosis in the chick blastoderm. Exp. Cell Res.,
26: 275~279.

Cardell, R. R., S. Badenhausen and K. R. Porter.
1967. Intestinal triglyceride absorption in the

rat. An electron microscopical study. J. Cell
Biol., 34: 123~155.

Case, R. M. 1978. Synthesis, intracellular trans-
port and discharge of exportable proteins in the
pancreatic acinar cell and other cells. Biol.
Rev., 53: 211~354.

Friend, D.S. and G. E. Brassil. 1970. Osmium
staining of endoplasmic reticulum and mito-
chondria in the rat adrenal cortex. J. Cell
Biol., 46: 252~266.

Hulsmans, H. A.M. 1961. ‘‘Microsomes™ in
heart-muscle homogenates. Biochim. Biophys.
Acta, 54: 1~14.

Jamieson, J. D. and G. E. Palade. 1968a. Intra-
cellular transport of secretory proteins in the
pancreatic exocrine cell. III. Dissociation of
intracellular transport from protein synthesis.
J. Cell Biol., 39: 580~588.

Jamieson, J. D. and G. E. Palade. 1968b. Intra-
cellular transport of secretory proteins in the
pancreatic exocrine cell. 1V. Metabolic re-
quirements. J. Cell Biol., 39: 589~603.

Karnovsky, M. J. 1965. A formaldehyde-glutar-
aldehyde fixative of high osmolarity for use in
electron microscopy. J. Cell Biol., 27: 137A.

McMurray, W.C. and R. M. C. Dawson. 1969.
Phospholipid exchange reactions within the
liver cell. Biochem. J., 112: 91~108.

Mendoza, G. 1972. The fine structure of an
absorptive epithelium in a viviparous teleost.
J. Morph., 136: 109~ 130.

Monroy, A., M. Ishida and E. Nakano. 1961.
The pattern of transfer of the yolk material to
the embryo during the development of the tele-
ostean fish, Oryzias latipes. Embryologia, 6:
151~158.

Niedelen, A.H. 1967. Bronchiolar and large
alveolar cell in pulmonary phospholipid meta-
bolism. Science, 158: 1323~ 1324.

Oppenheimer, J. M. 1937. The normal stages
of Fundulus heteroclitus. Anat. Rec., 68: 1~15.

Orrenius, S. and J. E. Ericsson. 1966. Enzyme-
membrane relationship in phenobarbital induc-
tion of synthesis of drug-metabolizing enzyme
system and proliferation of endoplasmic mem-
branes. J. Cell Biol., 28: 181 ~198.

— 62 —



Shimizu and Yamada : Rockfish Vitelline Syncytium

Philpott, C. W. 1967. The specialized surface of
a cell specialized for electrolyte transport. J.
Cell Biol., 35: 104A.

Richardson, K. C., L. Jarett and E.H. Finke.
1960. Embedding in epoxy resins for ultrathin
sectioning in electron microscopy.  Stain
Technol., 35: 313~323.

Senior, J. R. and K. J. Isselbacher. 1960. Activa-
tion of longchain fatty acids by rat-gut mucosa.
Biochim. Biophys. Acta, 44: 399~400.

Stein, Y. and B. Shapiro. 1958. Glyceride syn-
thesis by microsome fractions. Biochim. Bio-
phys. Acta, 30: 271~277.

Stetten, M. R. and H. L. Taft. 1964. Metabolism
of inorganic pyrophosphate. 1I. The probable
identity of microsomal inorganic pyrophos-
phatase, pyrophosphate phosphotransferase, and
glucose-6-phosphatase. J. Biol. Chem., 239:
4041~4046.

Wilgram, G. F. and E. P. Kennedy. 1963. Intra-
cellular distribution of some enzyme catalyzing
reactjons in the biosynthesis of complex lipids.
J. Biol. Chem., 238: 2615~2619.

Williams, J. 1967. Yolk utilization. In Weber,
R., ed.: The biochemistry of animal deve-
lopment, Vol. II, Academic Press, New York,
341~382.

Wourms, J.P. and D.M. Cohen. 1975. Tro-
photaeniae, embryonic adaptations in the vivi-
parous ophidioid fish, Oligopus longhursti: a
study of museum specimens. J. Morph., 147:
385~402.

Yamada, E. 1965. Some observations on the
fine structure of the interstitial cell in the
human testis as revealed by electron micro-
scopy. Gunma Symp. Endocrinol., 2: 1~17.

Yamada, J. 1959a. The structure of the yolk
sac and the absorption of the yolk in the pond
smelt fry. Bull. Fac. Fish. Hokkaido Univ.,
10: 196~203.

Yamada, J. 1959b. On the vitelline syncytium
and the absorption of the yolk in the fry of
two salmonids. Bull. Fac. Fish. Hokkaido
Univ., 10: 205~210.

Yamagami, K. 1960a. Phosphorus metabolism

in fish eggs. I. Changes in the contents of
some phosphorus compounds during early deve-
lopment of Oryzias latipes. Sci. Pap. Coll. Gen.
Educ. Univ. Tokyo, 10: 99~108.

Yamagami, K. 1960b. Phosphorus metabolism
in fish eggs. II. Transfer of some phosphorus
compounds from egg yolk into embryonic
tissues in Salmo irideus during development.
Sci. Pap. Coll. Gen. Educ. Univ. Tokyo, 10:
325~336.

Zagury, D., J.W. Uhr, J.D. Jamieson and
G.E. Palade. 1970. Immunoglobulin synthesis
and secretion. II. Radicautographic studies of
sites of addition of carbohydrate moieties and
intracellular transport. J. Cell Biol., 46: 52~63.

(Faculty of Fisheries, Hokkaido University,
Hakodate 041, Japan)

INERINECISH D70V 1 BBFOINEZSEEDOHME
B
EkeRiE - ILEFED

IFEIE o 7 m v A Sebastes schlegeli )ik 41§
LRE BB THE L, NI B I LR
PoOBEEZERL .

7 u A BT —o> O KERHEM TMIKE
e, NEISh o RIS B IR NICEET B, BB
Hix+02RHEWNEHECL > THESS DR
LREONREICIMFNIAGL T3, LEELI
WY OB RIS BN O D HEL 725 L O BRI
W AR by, IIMEEE LM ENIC = S0
B KA &S D, —o iR E L EIL AT
L, RHEAEBIOZ7 Y 2 —F VHAECECHBRTD
D, Lo — T BLH/NBEDS LT A VEER? X 3
WMLTVBMIKTH 5, NiHILIREDS X ORRARHE
ML, BEIXEQVENFICHE LTS LEEX BN
5. i, WEELZEONKLSMAT L BT 50T,
AR A A D A THEMELHEZEL TV 5, izl
MR & BT 23 AT, MANEIERIEE TR X
CULER DL B L, BRACREESE 2D
HAv7z,

(041 pRfETHHENS 3-1-1 JEifiifi KfK ESE T A R
7| RS ER)

63 —





