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Abstract. The structure and formation of the egg—shell in Syngamus trachea has been examined for the first time in an electron
microscopic investigation. The egg-shell of Syngamus trachea is composed. of four layers: the uterine, the vitelline, the middle
chitinous, and the inner lipid layer. The latter layer is up to:0:2 um thick. It contains electron-transparent vesicles, dispersed in a light
matrix. The middle chitinous layer is appioximately 1 wm thick. The vitelline layer ongmates in the oolemma of the fettilized oocyte,
its thickness varymg between 0.05 and 0.1 pim. The surface of Syngamus trachea eggs is covered by a uterine fibrous layer.

Ultrastructural studies on nematode egg-shells have
been carried out by several authors and their results were
summarized by Wharton (1980). A few types of nema-
tode egg-shells have been described to consist of three to
five layers. However, no paper has yet been published
stating which of the mentioned types the Syngamus tra-
chea egg-shell can be classified with. Our paper will try
to fill the gap in the knowledge on the ultrastructure of the
fertilized oocyte and on the formation of the egg-shell in
this helminth which inflicts grave parasitic diseases in
free-living gallinaceous birds.

MATERIALS AND METHODS

Syngamus trachea (Montague, 1811) nematodes were obtai-
ned from the trachea of experimentally infected chickens. The
helminths and their isolated reproductive tract were immersed in
3% glutaraldehyde in 100 mM cacodylic buffer (pH 7.3) and kept
in the fixing solution for 2 h. The uteri were separated from the
reproductive tract and processed individually by the procedure
described earlier (Brutiansk4 1991).

RESULTS:

The lumen of the proximal portion of the uterus is filled
with fertilized oocytes (Fig. 1). These are demarcated by
an electron dense layer, very similar to the oolemma of
mature oocytes. On close examination we can see that it
is formed by an outer thin dense layer and an inner thin
membrane (Fig. 2). The inner membrane is likely a newly-
created "secondary oolemma", separating the cytoplasm
of the egg from the developing shell. The outer layer (0.2
um thick) is the first egg-shell layer, the vitelline layer,

developed from the vitelline membrane, derived from the .

original oolemma.

As result of fertilization, the cytoplasm of the oocytes

shrinks, thus giving rise to the chitinous layer between the

- perivitelline space (Figs. 5, 6, 7). Some o

vitelline layer and the new oolemma. This layer first
appears as an electron lucent zone (Fig. 3). At this time
lipids as well as dense and shell granules can still be
observed in the cytoplasm of the fertilized oocytes, just
like in the oocytes of the ovary (Brufianské 1992).
Shell granules and mitochondria tend to.concentrate all
over the area of the fertilized oocyte, the inside of which
is filled with numerous small dense granules and lipids
(Fig. 4). Shell granules gradually disappear from the egg
cytoplasm and at the same time an electron dense chiti-
nous layer is formed (Fig. 5).. The chitinous layer rapidly
becomes thicker (Fig. 6). It is approximately 1 pm thick
and it consists of chitin-protein microfibrils which form
an irtegular reticulum (Fig. 7). The outer surface of this
layer is lined with a vitelline layer. In some eggs a light
band of reticular character (0.1 - 0.2 pm wide) is formed
in the chitinous layer, immediately subjacent to the vite-
1line layer (Figs. 6 and 7). In th1s band small dense granu-
les also occur sporadically. e

Under the chitinous layer, round’ to oval vesicles with
light centre and clear-cut outlines are accumulating in the

closely adjoin the inner side of the chitinous layer thus
forming the. 1ip1d layer of the egg-shell w1th athic
varying between 0.05 - 0.1 um. ‘_., ‘

The uterine layer of the egg-shell
surface of the eggs (Figs. 5, 6, 7). ]
appearance and it is not demarcated by any 1

The cytoplasm of the shell-forming eggs is filled ‘with
numerous small dense granules and small droplets of
saturated lipids (Figs. 5, 6). Large nuclei contain conden-
sed chromatin (Fig. 8).

The complete shell of Syngamus trachea eggs thus
consists of four layers: the uterine, the vitelline, the mlddle

- chitinous and the inner lipid layer.

The uterine wall of Syngamus trachea is composed of
epithelial cells, adjoining the basement membrane (Fig. 9).
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chitinous layer. We believe that shell granules can, by their
content, participate in the formation of protein sheaths of
chitinous microfibrils.

The ultrastructural studies on the eggs of Ascaris suum,
have shown that the chitinous layer is composed of chiti-
nous microfibrils, 75-400 A? in diameter (Rogerts
1956). According to Wharton (1980), chitin: in the
chitinous layer is often connected with protein. Chitin-
protein complexes appear as 2.8 nm thick chitinous mi-
crofibrils, covered by a protein matrix (Ne ville 1975).
Preston andJenkins (1984) believe that the changed
appearance of the developing shells, assuming the fibrillar
character, may be reflecting the formation of chitin-prote-
in complexes. Such an arrangement was observed in the
egg-shell of Capillaria hepatica (Bancroft, 1893) (Gri-
gonis and Solomon 1976) and Trichuris suis
(Schrank, 1788) (Wharton andJenkins 1978), The
ultrastructure of the chitinous layer in Syngamus trachea
bears a strong resemblance to the chitinous layer in Melo-
idogyne javanica (Treub, 1885) Chitwood, 1949, (Bird
and McClure 1976). In both the cases a light band of
thin reticulate character can be observed under the vitelli-
ne layer. The eggs of Syngamus in this band also show the
presence of dense granules. The presence of granules and
fibrils was also described in the chitinous layer of Ascaris
eggs (Rogers 1956). The origin and function of these
granules are obscure.

Between the inner surface of the chitinous layer and the
oolemmain S. trachea, the inner shell layer is formed. This
layer, in other nematodes known as the lipid layer, is of
varied appearance in different species. It may be either
thin and membranous, as is the case, e. g., in Aspiculuris
tetraptera, Syphacia obvelata, Hammerschmidtiella die-
singi (Hammerschmidt, 1938) Chitwood, 1932 (Whar-
ton 1979 a,b,c), and Dictyocaulus viviparus
(Guttekovéd andBrufianska 1990), or composed of
several membranes, distinct on the specimens prepared by
freeze etch, as seen in some tylenchids (Bird and
McClure 1976). It may also be removed by processing
in the laboratory (Rogers 1956) or poorly preserved
(Wharton andJenkins 1978). This layer may, how-
ever, not be only of membranous appearance, as mentio-
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ned before, but can be formed by three bands of electron-
transparent and électrondense material as observed in
Meloidogyne javanica (Bird and McClure 1976) or
in Trichuris migris (Preston and Jenkins 1984). The
inner layer of Syngamus trachea eggs is not membraneous
either. It contains round to oval vesicles with a lighter
centre. Subpellicular vesicles of similar morphelogy were
described by.Bouchet et al. (1986) in the eggs of
Toxocara canis (Werner, 1782). The presence of vesicles
in the inner layer of Syngamus trachea is indicative of this
layer beirig formed by a lipoprotein complex. The protein
constituent of vesicles may originate from shell granules
which by their content contribute to the formation of the
inner layer of the nematode egg-shell (Foor 1967,
Wharton 1986, Guttekovd and B ruﬁanské
1990).

The layer.of flbrous material, dep031ted on the surface
of Syngamus eggs, is designated as the uterine layer. In its
appearance it resembles a glycocalyx on the surface of the
intestinal cell microvilli in some nematodes (Zmoray
and Guttekové 1978, Guttekov4 and Zmoray
1982). The surface (uterine) layer of the Syngamus egg-
shell, like that of other nematodes (Foor 1983), is of
protein character (Foor 1967, Zula uf-and Gut 1978,
Poljakova etal 1985).

The formation of Syngamus egg-shells entails changes
in the micromorphology of the uterine epithelial cells. A
gradual thickening of the uterine wall can be observed in
the distal direction, as also described in the ovoviviparous
species, Dictyocaulus viviparus (Guttekovd and
Brutianskd 1990). The ultrastructure of the uterine
wall, namely the presence of endoplasmic reticulum and
mitochondria, is suggestive of the high metabolic activity
conducive to the creation of the optimum environment for
the developing eggs.
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