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UNUSUAL INTERTROPHOCYTIC POSITION
OF FOLLICLE CELLS IN THE NURSE
CHAMBER OF THE HONEYBEE QUEEN OVARY
(APIS MELLIFICA) *

P. S. RAMAMURTY **

Lehrstuhl Entwicklungsphysiologie, Institut fiir Biologie 111 ( Zoologie) der Universitit Tiibingen
Auf der Morgenstelle 28, D-7400 Tiibingen 1

SUMMARY

The follicle cells normally form an envelope around the ovarian follicles. In the meroistic
polytroph insect ovarioles, they enclose the nurse chamber and the oocyte. In the ovaries
of Apis mellifica queens, besides an inconspicuous follicle epithelial envelope on the periphery
of the nurse chamber, single medial follicle cells were found centrally between the tropho-
cytes. This is an anomalous situation for the follicle cells.

The origin of the medial intertrophocytic follicle cells can be observed in very young
follicles. During follicle formation single cells from the incipient peripheral follicle epithelium
detach themselves from the basement membrane and migrate inwards. In the electron micro-
graphs, these intertrophocytic medial follicle cells always exhibit typical follicle cell structure.
They posess all the usual cell organelles, especially lysosomes, and are clearly distinguishable
as hyaline cells from the surrounding trophocytes.

It is suggested that these cells may play a role in bringing about a rapid degeneration of
the nurse chamber towards the end of vitellogenesis. Because of the high rate of egg-produc-
tion an undelayed breakdown of the non-generative cells must occur.

INTRODUCTION

In the polytrophic ovarioles of insects, the egg development is supported
by the trophocytes, in addition to the follicle epithelial cells. The nurse
chamber forms a cap above the corresponding oocyte and consists of a varied,
but species specific number of trophocytes. They bear large endopolyploid,
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irregularly shaped nuclei, which are the main centres of RINA synthesis that
is supplied to the oocyte (BiERr, 1963, 1964; Ramamurty, 1963; ENGELs,
1968; Porrack and TEeLFER, 1969). Besides RNA, the trophocytes in
Apis produce various cell organelles like ribosomes, mitochondria, lipid
droplets and vesicles, which move towards the oocyte across the fusomes
(Ramamurty, 1977). The trophocytes are derived from the germ line
and are differentiated from the cystoblasts in the posterior region of the
germarium (TELFER, 1975). They remain connected with each other and
with the oocyte below, by means of fusomes or intercellular bridges that
result from incomplete cytokineses of the cystocytes (FAWCETT et al., 1959).

The follicle epithelial cells form an envelope around the nurse chamber
and the oocyte. They arise from repeated mitotic activity of the prefolli-
cular tissue in the posterior region of the germarium and are generally believed ;
to be of somatic origin (BonHAG, 1958). In the different regions of a follicle,
the follicle epithelium undergoes varied functional differentiation. Thus,
the layer enclosing the nurse chamber has no known function and hence is
made up of an inconspicuous epithelial layer of greatly attenuated, elliptical
cells. On the other hand, the follicle epithelial cells investing the oocyte,
first mediate the transport of haemolymph yolk protein (vitellogenin) to the
oocyte cortex (BIER, 1962; Ramamurty, 1964; ENGELS, 1973) and at the
cessation of vitellogenesis they secrete the chorion. In accordance with
this, the follicle epithelium enveloping the egg chamber is always well-developed
and continuously adapts itself to the growing volume of the oocyte, both by
mitotic multiplications and structural transformations.

In light and electron microscopic studies of Apis queen ovaries, some
follicle cells have been found in unusual positions, namely, in the intercellular
spaces between the trophocytes in the nurse chamber. The origin, topography
and structure of these anomalous cells is described here and a hypothesis on
their possible functional significance is presented.

MATERIALS AND METHODS

For light microscopic studies, the ovaries of Apis mellifica were fixed
in Bouin-Allen-Bauer mixture and paraplast sections of 7 tm were stained
either with azur B or with Heidenhain’s haematoxylin-eosin. For electron
microscopy, the ovarioles were fixed for 1 h in 2.5 9, glutaraldehyde in 0.2 M
sodium cacodylate and 0.1 M sucrose adjusted to pH 7.4. Materials were
post fixed in 2 9, osmium tetroxide for 1 h and embedded in epon. Semithin
sections of 1 m were stained with toluidine blue and examined with light micros-
cope. Ultrathin sections were contrasted with uranyl acetate and lead citrate.
Grids were examined under Siemens Elmiskop 102 at 60 KV.
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RESULTS

The egg development in Apis mellifica queens takes place in 6 well-
defined stages of oogenesis (EncELs, 1973). Stage O is the phase of follicle
formation, beginning in the posterior region of the germarium. Up to stage 3,
the nurse chamber is larger than the corresponding oocyte. From stage 3
onwards, the oocyte increases in volume due to intense and rapid yolk incor-
poration. In stage 5, the vitellogenesis is completed and the vitelline mem-
brane is formed on the oocyte surface. The follicle epithelium secretes the
chorion at the end of this stage. During stage 6, the follicle epithelium dege-
nerates and thereafter, the egg is ready for oviposition.

The nurse chamber is made up of 47 trophocytes arranged in 5 vertical
rows (PAULCKE, 1901; EncErs, 1968). In the young follicles of stage O,
in the lower region of the germarium, the trophocytes show a spherical or
oval shape with large rounded nuclei (Fig. 1). They have intercellular spaces
of remarkable dimensions. But when the follicles descend into the vitella-
rium, the trophocytes rapidly increase in volume by endopolyploid growth
of their nuclei (EncELs, 1968) and become tightly packed, due to which they
assume polygonal shapes (Fig. 2). However, small triangular crevices still
occur at the trijunctions between three trophocytes. Within these spaces, a
single median cell with prominent nucleus is seen here and there (Figs. 2
and 3). The question arises whether the occurrence of intertrophocytic
cellular elements is a regular or only an accidental phenomenon, and what
might be the origin and significance of these cells.

A careful examination of the structure of young follicle in formation
(stage O) shows that some of the peripherally situated follicle epithelial cells
assume pear-like shape typical for migratory cells (Fig. 1). The only possible
interpretation is that these cells detach themselves from the tunica propria
and migrate inwards. Follicle cells that have already reached the centre of
the nurse chamber can be clearly distinguished by two special properties :
They are smaller and have elliptical nuclei while the nurse cells posses large
spherical nuclei, and in the semithin sections stained with toluidine blue
the medial follicle cells appear brighter than the surrounding trophocytes
which react more basophilic. Medial follicle cells are found in any section
of a nurse chamber in all stages of oogenesis (Fig. 3). It therefore seems
highly probable that these cells should have a special function in the physio-
logy of follicle development. For further information the ultrastructure
was analysed.

In the electron micrographs, the medial intertrophocytic follicle cells
appear as hyaline areas in the trijunctions between 3 neigh-bouring trophocytes
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Fi16. 1. — Follicle of stage O from the honeybee queen ovary.

Toluidine blue stained semi-thin section showing the nurse chamber with several trophocytes (NC
nurse cells) bearing large spherical nuclei (NCN = nurse cell nucleus). Note the large intercellular
spaces between the trophocytes. Some medial follicle cells () have already reached the centre of the nurse
chamber, while others are in the process of migration (— »). F = follicle epithelial cells, OC = youngoocyte,
ON = oocyte nucleus, PE = peritoneal epithelium; t = tunica propria. x 850.
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F16. 3. — Follicle of stage 3 from the honeybee queen ovary.

Paraffine section through the nurse chamber, showing some of the polygonal trophocytes (NC = nurse
cell) with large polyploid nuclei (NCN = nurse cell nucleus) and basophilic cytoplasm rich in ribosomes.
In the intercellular space, a medial follicle cell (—>) is clearly visible. Bouin-Allen-Bauer/Azur B. x 850.
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(Fig. 4). In their cytoplasm, all the usual cell organelles, like mitochondria,
ribosomes, endoplasmic reticulum, microtubules, golgi vesicles and especially
lysosomes are recognisable.

So they exhibit a normal and functional aspect. A remarkable number
of large lysosomes can be observed in the medial follicle cells of stage 4. The
trophocytes lack lysosomes. An elliptical nucleus occurs in the medial
follicle cells, which is evidently an adaptation to their shape. The mitochon-
dria in the medial follicle cells are of much larger size, as compared with those
in the nurse cell cytoplasm. The density of ribosomes is greater in the tro-
phocytes than in the medial follicle cells. The cell membranes of the tro-
phocytes surrounding the medial follicle cell, show convolutions and elsewhere
the membranes exhibit even surface.

DISCUSSICN

The trophocytes have a short span of life, during which in stages 1-4 they
undergo an enormous increase in volume by endopolyploidy, synthesize RNA
at a high tempo and produce several cell organelles that are exported to the
oocyte. In stage 5, when the vitellogenesis in a follicle ceases (ENcELs, 1973),
the entire nurse chamber suddenly collapses and shrinks in volume and the
remnants of the degenerating nurse chamber are extruded into the oocyte
(EngELs, 1968). This process which takes place very rapidly, is termed by
TeLFER (1975) as the terminal injection. The question arises, as to how
this sudden degeneration of the nurse chamber is brought about.

King (1970) has described for Drosophila the immigration of peripheral
cells from the follicle epithelium into the nurse chamber where they form
cell clusters. These cells later move down the nurse chamber and take up
definitive position at the nurse chamber-oocyte border. He interpreted
these medial follicle cells to be involved in the formation of the micropylar
apparatus. In Apis, however, no micropylar apparatus is found. Moreover,
the medial follicle cells in the honeybee do not form cell clusters but exist
mostly as individual cells between the trophocytes (Fig. 2 and 3). As such,
the immigrated follicle cells in the honeybees must have some other function.

It is generally known that in atretic ovarian follicles, the follicle cells
surrounding the oocyte become thickened and enlarge, then turn phagocytic
and ingest the ooplasma, including yolk spheres from the degenerating oocyte.
This was demonstrated for Musca domestica by TREPTE-FEUERBORN (1969)
and for the zebra fish, Brachydanio by KorrsMEIER (1969). The same obser-
vation was made in Apis (RAMAMURTY, unpublished). It indicates that the
follicle cells which have a large number of lysosomes are capable of phago-
cytosis and can bring about the disruption of other pycnotic cells by invasion.
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F16. 4. — Follicle of stage 4 from the honeybee queen ovary.

An electron micrograph showing a part of the nurse chamber with a trijunction between four adjacent
trophocytes (NC = nurse cell) including a triangular-shaped medial follicle cell (MFC). The membranes
bounding the intercellular spaces of the trophocytes adjacent to the medial follicle cell are convoluted
(CIS = convoluted intercellular space —> ). The usual cel! organelleslike mitochondria (m), golgi apparatus
(g), microtubules, ribosomes, lysosomes (ly) are recognisable. Note the size of the mitochondria in the
medial follicle cell, as compared with those of the trophocytes. x 18,000,
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Moreover, the follicle cells themselves normally degenerate by autolysis in
stage 60, presumably also by activation of lysosomes. This takes place after
building up the vitelline membrane by the oocyte and the chorion by the
follicle epithelium (EnNcELs, 1973).

By the terminal injection, most of the nurse cell contents reach the oocyte.
In Apis, as in majority of polytrophic insects (TELFER, 1975) the remaining
trophocyte nuclei in the degenerating nurse chamber in stage 5 are surrounded

by little cytoplasm.

During the season of rapid increase in the size of the colony, the honeybee
queen may lay as many as 2 000 eggs per day. Since both the ovaries together
contain approximately 350 ovarioles, a daily output of 5-10 follicles per ova-
riole could be calculated. In other words, ovulation takes place every 3-5
hours in an ovariole (ENGELS, 1973). Such a high rate of egg-production makes
it necessary to have a mechanism for speedy disposal of remnants of degene-
rating nurse chambers, which otherwise would block the maturation of the
next follicles.

In the trophocyte cytoplasm, the present electron microscopic studies
failed to show any lysosomes that could autolyse the nurse cells. On the
other hand, all the follicle cells, including the medial ones situated in between
the trophocytes possess lysosomes in considerable numbers. It ist therefore
presumable that the lysosomes in the medial follicle cells become activated
in stage 5 and these may cause the sudden collapse and degeneration of the
trophocytes.

This hypothesis would explain the unusual position of the intertropho-
cytie follicle cells which are described here in the honeybee ovary for the first
time in insects. It is yet unknown whether such medial follicle cells are
present in other species too. Perhaps they are in social Hymenoptera with
similar frequences of egg-production as in Apis. Such a mechanism for the
disruption of the nurse chamber is not necessary in the Termites, because the
Isoptera have follicle of the panoistic type without nurse cells. After the
phagocytic uptake of the trophocyte remnants, the medial follicle cells as
well as those investing the oocyte and nurse chamber themselves probably
undergo autolysis in stage 6 and disappear.

This functional interpretation of the role of the medial follicle cells in egg
development needs further studies.

Regu pour publication en février 1977.
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ZUSAMMENFASSUNG

UNGEWOHNLICHE INTERTROPHOCYTARE LAGE VON FOLLIKELZELLEN
IM NAHRFACH DES BIENENKONIGIN-OVARS (Apis mellifica)

Eifollikel sind normalerweise von Epithelzellen umbhiillt. Beim polytrophmeroistischen
Typ der Insektenovariolen schlieBt ein einschichtiges Follikelepithel auler der Oocyte das
Nihrfach ein. Im Ovar der Bienenkénigin (Apis mellifica) wurden neben einer sehrdiinn
ausgezogenen #dulleren Follikelepithelhiille um das Nihrfach einzelne mediale Follikelzellen
innen zwischen den Nihrzellen gefunden. Eine solche Lage ist fiir Follikelzellen auflerge-
wohnlich. Nur von Dipteren ist bekannt, dal Gruppen von Follikelzellen zwischen den Néhrzel-
len hindurch an die Grenze Nihrfach — Oocyte wandern, wo sie gegen Ende der OQogenese
im Zusammenhang mit der Chorion-Synthese die Mikropylen ausbilden. Da derartige Struk-
turen am Bienenei nicht vorhanden sind und aullerdem die gefundenen medialen Zellen stets
einzeln liegen, stell, sich die Frage nach ihrem Urprung und ihrer Funktion.

An sehr jungen, sich gerade formierenden Apis-Follikeln kann beobachtet werden, dal}
einzelne Zellen des sich bildenden Follikelepithels sich von der tunica propira ablosen und
ins Néhrfach-Innere einwandern. Sie finden sich spiiter in den Zwickeln des Interzellular-
raumes der Nihrzellen. Die Ultrastruktur dieser stirker hyalinen medialen Zellen, die einen
funktionstiichtigen Eindruck machen, stimmt mit der des peripheren Follikelepithels iiberein.
Die norimalen Zellorganellen sind vorhanden. Kennzeichnend ist (neben griosseren Mitochon-

drien als in den Nihrzellen) das Vorkommen von Lysosomen, die den Nihrzellen vollig
fehlen.

Es ist bekannt, dal Zellen des Follikelepithels atretische Follikel phagocytir auflgsen.
Bei der Bienenkonigin besteht das Probelm einer raschen Nihrfach-Degeneration, wenn bei
intensiver Eiablage pro Ovariole alle 3-5 Stunden ein Follikel reift. Es wird die Arbeitshy-
pothese aufgestellt, dafl nach Ende der Vitellogenese-Phase die medialen Follikelzellen die
Auilésung der Nihrfach-Reste besorgen, soweit diese nicht in die Oocyte gelangen. Zum
Schluf der Qogenese wird eine Autolyse sowohl der medialen wie der epithelialen Follikelzellen
angenommen,

Diese funktionelle Interpretation der bei anderen Insektenarten noch nicht gefundenen
einzelnen medialen Follikelzellen bedarf weiterer experimenteller Uberpriifungen.

RESUME

POSITION INTERTROPHOCYTAIRE INHABITUELLE DES CELLULES FOLLICULAIRES
DANS LA CHAMBRE NUTRITIVE DE L’OVAIRE DE LA REINE D’ABEILLE
(Apis mellifica)

Les follicules ovariens sont habituellement enveloppés de cellules épithéliales. Dans les
ovarioles d’insectes de type polytropho-méroistique, une couche de cellules épithéliales folli-
culaires entoure la chambre nutritive et 'oocyte. Dans I'ovaire de la reine d’abeille (Apis
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mellifica) on trouve, & c6té d’une enveloppe épithéliale folliculaire externe trés peu apparente,
des cellules folliculaires isolées, médianes, situées autour de la chambre nutritive. Cette situa-
tion est tout a fait inhabituelle pour des cellules folliculaires. Ce n’est que chez les Diptéres
que I’on a trouvé des groupes de cellules folliculaires qui migrent entre les trophocytes jusqu’a
la limite chambre nutritive-oocyte, ou elles constituent les micropyles & la fin de 'ovogeneése
en relation avec la synthése du chorion. Puisque de telles structures sont absentes de I'ceuf
d’abeille et que, par ailleurs, les cellules médianes trouvées restent toujours isolées, leur ori-
gine et leur fonction se posent.

Dans les follicules trés jeunes et en cours de formation d’Apis on peut observer que les
cellules isolées de I’épithélium folliculaire se détachent de la tunica propria et migrent a I'inté-
rieur de la chambre nutritive. On les retrouve plus tard dans les coins de I'espace intercellu-
laire des trophocytes. L’ultrastructure de ces cellules médianes fortement hyalines, qui ont
un aspect fonctionnel, coincide avec celle de 1’épithélium folliculaire périphérique. Les orga-
nites cellulaires normaux sont présents. Ces cellules possédent des mitochondries de plus
grande taille que les trophocytes et la présence de lysosomes est caractéristique, alors qu’ils
sont totalement absents des trophocytes.

On sait que les cellules de I’épithélium folliculaire dans les follicules atrétiques sont capables
de phagocytose. Chez la reine d’abeille se pose le probléeme de la dégénération rapide de la
chambre nutritive, lorsque dans chaque ovariole un follicule miirit toutes les 3-5 heures pendant
la période de ponte intensive. On émet I’hypothése de travail selon laquelle les cellules folli-
culaires médianes sont responsables de la résorbtion des restes de la chambre nutritive a la
fin de la phase de vitellogenése, dans la mesure ou ceux-ci n’atteignent pas l'oocyte. A la fin
de l'ovogeneése on admet I'existence d’une autolyse des cellules folliculaires tant médianes
qu’épithéliales.

Cette interprétation fonctionnelle des cellules folliculaires médianes isolées, que ’on n’avait
pas encore trouvées chez d’autres espéces d’insectes, requiert des vérifications expérimentales

ultérieures.
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