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GENESIS OF THE GOLGI COMPLEX
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The reality of existence of the Golgi complex is no longer in doubt [5, 9, 14, 15], but
the problem of its origin has not yet been finally solved. According to one view, elements
of the Golgi complex arise from cisternae of the rough endoplasmic reticulum (RER) by budding
from the smooth-surface regions of the membranes and conversion into Golgi membranes [10].
The functional continuity between the endoplasmic reticulum and Golgi complex has been
demonstrated autoradiographically and histochemically [7, 11]. In studies on lower or-
ganisms, the cells ofinsects, and certain tissues of higher animals, it has been postulated
that the Golgi complex originates from the outer nuclear membrane [8, 12, 13]. The object
of this investigation was to study the sources of origin of the Golgi complex in cells

during ontogeny.

EXPERIMENTAL METHOD

The ultrastructure of hepatocytes of rats during embryonic (daily from the 13th through
the 21st days) and postnatal (1, 4, 14, and 30 days after birth) ontogeny, and of chick
embryos from the 6th day of incubation until hatching, wasstudied. Liver tissue was fixed
by Palade's method at pH 7.2-7.4 and embedded in Araldite. Ultrathin sections were stained
by Reynolds' method and investigated in the HEM-7A electron microscope.

EXPERIMENTAL RESULTS

On the 13th, l4th, and 15th days the Golgi complex in the cytoplasm of the embryonic
rat hepatocytes was in the immediate vicinity of the nucleus. On the 13th day of embryonic
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Fig. 1. Ultrastructure of rat hepatocytes on 13th day of embryogenesis:
a) budding of vesicles of Golgi complex from outer nuclear membrane,
20,250 x; b) arrangement of formative surface of Golgi complex facing
outer nuclear membrane, 27,000 x. GC) Golgi complex; N) nucleus.

Fig. 2 Fig. 3

Fig. 2. Arrangement of formative surface of Golgi complex facing cisternae of RER
in cytoplasm of rat hepatocyte on 19th day of embryogenesis. M) Mitochondrion,
27,000 x,

Fig. 3. Arrangement of Golgi complex in immediate vicinity of outer nuclear mem~
brane in cytoplasm of hepatocyte of 6-day chick embryo, 44,550 x.

development the perinuclear space could sometimes be seen to be widened in a limited area
in the cytoplasm of the hepatocytes. Close to the widened area of the perinuclear space a
nucleolus could often be seen. Around the zone of widening there were many vesicles, some
of them connected with the outer nuclear membrane, and a number of separate small flat cis-
ternae (Fig. la). All these structures formed a Golgi complex. Examination of other elec-
tron micrographs showed that the outer nuclear membrane formed a projection into the cyto~
plasm, and a vesicle formed at its end. In the immediate vicinity there were similar small
vesicles in contact with the cisternae of the Golgi complex (Fig. 1b). The formative side
of the Golgi complex was on the side of the nucleus, since small vesicles of similar size
were located in that zone; flat Golgi cisternae were arranged at a lower level, and on the
other side of them, on the mature side, there were vesicles and quite large vacuoles re-
sembling primary lysosomes, with fairly dense homogeneous contents (Fig. 2). It is an in-
teresting fact that the mitochondria and many short cisternae of the RER in this case were
more distant from the nucleus than the Golgi complex. The facts described above suggest
that the Golgi complex is derived from the outer nuclear membrane. In the later stages of
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embryogenesis, on the 19th day for example, the Golgi complex was close to the nucleus, but
its formative side in this case faced the cisternae of the RER directly. Small vesicles and
large granules with electron-dense homogeneous contents, resembling primary lysosomes, also
were present on its mature side (Fig. 2). 1In the latter stages of embryogenesis and after
birth of the young rats it was impossible to differentiate between the mature and the forma-
tive sides in the Golgi complex of the hepatocytes. On the 20th and 21st days the ultra-
structure of the hepatocytes and bile capillaries was such that it was possible to judge
that secretion of bile products into the bile capillary had begun. The Golgi complex was
some distance away from the bile capillary. The bile capillaries were dilated, their out~
lines smooth, with few microvilli, and near the bile capillaries there were swollen mito-
chondria with a translucent matrix, an irregular outline, and absence of the outer membrane
for a certain distance; according to our previous data [2], this is evidence that clasmato-
sis of mitochondrial fragments is taking place, in connection with their intensive function~-
ing, as sources of energy for the liberation of bile products. On the first day after birth
of the animals the Golgi complex in many cells were located near the bile capillaries; more-
over, budding of smooth-surface regions from cisternae of the RER toward elements of the
Golgi complex could often be seen, i.e., replenishing of elements of the Golgi complex from
membranes of the RER. On the 4th day after birth, when the young rats were feeding on their
mother's milk, the dimensions of the Golgi complex increased considerably. Cisternae,
vacuoles, and vesicles were sharply dilated and contained material of varied density. On
the 1l4th day after birth the Golgi complex remained large in size. On the 30th day the
dimensions of the Golgi complex differed in different hepatocytes, an evident indication of
the unequal degree of functional activity of the hepatocytes.

A study of the ultrastructure of the Golgi complex in the hepatocytes of chick embryos
showed that the Golgi complex was very close to the nucleus only on the 6th day of incuba-
tion, separate small vesicles were in close contact with the nuclear membrane, and similar
vesicles were located among other elements of the Golgi complex (Fig. 3). Just as in
hepatocytes of the 13-day rat embryo, on the 6th day of incubation the Golgi complex in the
cytoplasm of the chick embryonic hepatocytes was in the immediate vicinity of the nucleus,
and cisternae of the RER and mitochondria were already located beyond it. As a result, it
can be postulated that the Golgi complex is formed from the outer nuclear membrane. By
contrast with the rat embryo in the early stages of development, during embryogenesis of the
chick on the 6th day of incubation it was very difficult to identify the formative and ma-
ture surfaces of the Golgi complex. On the 7th day of incubation the Golgi complex in-
creased sharply in size and consisted of flattened cisternae, many tiny vesicles, and large
vacuoles arranged in parallel rows. Its morphology and arrangement are evidence that by the
7th day of incubation in individual cells, and on the 9th~10th day in most cells, bile is
being secreted into the bile capillary {3], and this continues throughout embryogenesis.

Analysis of the ultrastructure of the Golgi complex during embryogenesis in rats and
chicks shows that its dimensions differ considerably. For instance, the Golgi complex in
hepatocytes of the rat embryo are represented until birth by all its proper components, but
they are very small in size. This, in the writer's opinion, is evidence that synthetic pro-
cesses of moderate intensity are taking place in the hepatocytes of the rat embryo. Active
secretion of bile products into the bile capillary does not begin until the 20th day of
embryonic development, and a sharp increase in size of the Golgi complex takes place only
after the animal's birth, when the young rat begins to feed on its mother's milk. In hepat-
ocytes of chick embryos at the 7th day of incubation, the Golgi complex is large in size
and bile products are secreted into the bile capillary. It can be tentatively suggested
that these differences in the size of the Golgi complex and in the times of the beginning
of secretion of bile products into the bile capillary in rat and chick embryos are connected
with differences in the mode of embryogenesis: 1In the chick embryo exogenous feeding begins
as early as on the 9th day (swallowing amniotic fluid), and this requires secretion of bile
into the intestine, and the supplying of the liver by the blood stream, starting with the
7th day of incubation [4], of all the necessary nutrients providing the material basis for
the rapid synthesis of bile products. The dimensions of the Golgi complex were thus de-
termined by the level of functional activity of the hepatocyte.

In the cells of certain other organs, as a rule, the formative and mature surfaces of
the Golgi complex simply differentiated, and in the hepatocytes this may happen extremely
rarely, evidently because of the polyfunctional nature of these cells, as a result of which
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the movement of substances liberated from the Golgi complex takes place toward both the
biliary and the sinusoidal poles of the hepatocyte.

In the writer's view, the genesis of elements of the Golgi complex from the outer
nuclear membrane and, correspondingly, their location near the nucleus in early embryogene-
sis, arenot accidental. The localization of organelles in the cell is known to be deter-
mined by their function. It follows from data in the literature that the nuclei can
synthesize a specific protein and secrete it into the cytoplasm [1, 6]. It can be tenta-
tively suggested that vesicles of the Golgi complex are formed from the outer nuclear mem-
brane in the early embryonic period because either in the nucleus or in the zone of the
nuclear membrane, proteins destined to be secreted into the cytoplasm are synthesized during
this period, in the same way that in the later period the protein synthesized and accumu-
lated in the cisternae of the RER enters the vesicles budding from their smooth-surface
areas, which later come into contact with the cisternae of the Golgi complex present in the
hepatocyte. In early embryogenesis this is evidently connected with the fact that very few
cisternae of the RER are yet present in the cytoplasm to synthesize specific proteins.

LITERATURE CITED

—

V. Ya. Brodskii, Cell Nutrition [in Russian], Moscow (1966).
M. M. Kalashnikova, Byull. Eksp. Biol. Med., No. 7, 84 (1979).
3. M. M. Kalashnikova, in: Abstracts of Proceedings of the 1lth All-Union Conference on
Electron Microscopy [in Russian], Tallin, p. 94.
4. V. V. Rol'nik, The Biology of Embryonic Development of Birds [in Russian], Leningrad
(1968) .
H. W. Beams and R. G. Kesse, Int. Rev. Cytol., 23, 209 (1968).
6. W. Bernhard, in: The Cell Nucleus. Morphology, Physiclogy, Biochemistry [in Russian],
Moscow (1972), p. 15.
7. L. Caro and G. E. Palade, J. Cell Biol., 20, 473 (1964).
8. M. Chretien, J. Microscop. (Paris), 14, 55 (1972).
9 A. J. Dalton, in: The Cell, J. Brachet and A. E. Mirsky, eds., Vol. 2, New York
(1961), pp. 603-617.
10. E. Essner and A. Novikoff, J. Cell Biol., 15, 289 (1962).
11. D. S. Friend and M. J. Murray, Am. J. Anat., 117, 135 (1965).
12. R. G. Kessel, J. Ultrastruct. Res., 34, 260 (1971).
13. A. Massalski and G. F. Leedale, Br. Phycol. J., 4, 159 (1969).
14, D. J. Morre, H. H. Mollenhauer, and C. E. Bracker, in: Origin and Continuity of Cell
Organelles, H. Reinett, ed., Berlin (1971), pp. 82-126.
15, W. G. Whaley, The Golgi Apparatus, Springer, New York (1975).

N

wn

1293



