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Ovaries of Palaeococcus fuscipennis (Burmeister) are accompanied by large organs termed
bacteriomes which are composed of large cells termed bacteriocytes. Each bacteriocyte is
surrounded with small epithelial cells. The bacteriocyte cytoplasm is tightly packed with
pleomorphic bacteria, whereas in epithelial cells small coccoid microorganisms are present.
The number of coccoid bacteria is significantly lower than pleomorphic bacteria. The
ovarioles containing choriogenic oocytes are invaded both by pleomorphic as well by
coccoid bacteria. Microorganisms traverse the follicular epithelium and enter the
perivitelline space. During advanced choriogenesis, endosymbionts are accumulated in the
deep depression of the oocyte. Bacteria do not enter the ooplasm until the end of oocyte
growth.
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In scale insects, like in other plant sap-sucking
hemipterans, endosymbiotic microorganisms com-
monly occur. The presence of endosymbionts in
the insect body is associated with a restricted diet,
deficient in some essential amino acids (for de-
tailed information see BUCHNER 1965; DOUGLAS
1989; ISHIKAWA 1989; BAUMANN & MORAN 1997;
MORAN & BAUMANN 2000; BAUMANN 2005). In
the body of the host insect, endosymbionts are har-
bored in specialized cells termed bacteriocytes
(formerly mycetocytes) that are usually grouped in
large organs termed bacteriomes (formerly myce-
tomes).

Endosymbioses (i.e. types of endosymbiotic mi-
croorganisms, their localization in the body of host
insects, their transmission) in plant-sucking hem-
ipterans have been extensively studied by BUCHNER
(1965, 1966, 1967, 1969) who has shown that en-
dosymbiotic microorganisms occur both in primi-
tive as well as in advanced families of scale insects
(for classification of scale insects see KOTEJA

1974) and are much more diverse than endosymbi-
onts in the remaining hemipterans. According to
KOTEJA (1984,1985), this diversity is a consequence
of: (1) permanent contact with microorganisms at
the time scale insects lived in litter (i.e. before the
radiation of this group of insects), (2) transition of
feeding behavior from semisaprophagic before the
radiation to plant-sucking after the radiation.
Asymbiosis in scale insects is very rare. In primi-
tive families (Steingeliidae, Kuwaniidae, Xylo-
coccidae, Matsucoccidae) asymbiosis is probably
of a primary nature, whereas in advanced families
(Apiomorphidae, Kermesidae, Dactylopiidae) en-
dosymbionts have been secondarily lost (BUCHNER
1965; KOTEJA 1985). It should be noted that KOTEJA
and co-workers (2003) using electron microscopy
revealed the occurrence of numerous gentle, rod-
like bacteria in ovaries of Steingelia gorodetskia
(Steingeliidae). Thus, this indicates that knowl-
edge of the transmission of endosymbiotic micro-
organisms in primitive scale insects is incomplete.
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BUCHNER (l.c.) has indicated that in scale in-
sects, like in other hemipterans, primary and ac-
cessory (secondary, facultative) endosymbionts are
present. More recent studies (for reviews see e.g.,
BAUMANN & MORAN 1997; MORAN & TELANG
1998; BAUMANN 2005) have shown that primary
endosymbionts, necessary for growth and devel-
opment of the host insect, are always present in
bacteriocytes and are transovarially (vertically) in-
herited. In contrast, secondary endosymbionts oc-
cur in some populations only, may be vertically as
well as horizontally transmitted and may occur in-
tracellularly (i.e., within bacteriocytes or their epi-
thelia) or extracellularly (e.g., free in haemolymph)
(FUKATSU et al. 2000; SANDSTRÖM et al. 2001;
THAO & BAUMANN 2004). The symbioses of in-
sects and their primary symbionts are the results of
ancient infections, i.e., primary endosymbionts are
descendants of bacteria that were acquired by an-
cestors of insects. In contrast, associations be-
tween insects and secondary endosymbionts are
much younger and occurred multiple times
(MORAN & TELANG 1998; THAO et al. 2000a;
THAO & BAUMANN 2004; RUSSEL et al. 2003).
Since studies concerning the importance of secon-
dary endosymbionts for the host are very few, their
role is still unclear. Recently, it has been experi-
mentally proven that pea aphids, Acyrthosiphon
pisum, harboring secondary endosymbionts, are
more resistant to heat stress (MONTLLOR et al.
2002), parasitic hymenopteran attacks (OLIVER et
al. 2003) and fungal pathogens (SCARBOROUGH et
al. 2005) than sterile specimens.

In view of the fact that endosymbiosis in a primi-
tive scale insect, Palaeococcus fuscipennis, was
not described by BUCHNER (l.c.), this study further
elucidates transovarial transmission of microor-
ganisms in this group of insects.

Material and Methods

Adult females of Palaeococcus fuscipennis
(Burmeister) were collected from the stems of
Pinus sp. in April 2004 in Adana (Turkey). Ova-
ries together with accompanying bacteriomes
were fixed in 2.5% glutaraldehyde in 0.1 M phos-
phate buffer (pH 7.4) for 3 months at room tem-
perature. The material was then rinsed in 0.1 M
phosphate buffer (pH 7.4) with addition of su-
crose, postfixed for 1.5 hr in 1% osmium tetroxide,
dehydrated in a series of alcohol and acetone and
embedded in epoxy resin Epox 812 (Fullam Inc.,
Latham, NY, USA). Semithin sections were
stained with 1% methylene blue in 1% borax and
photographed in a Jenalumar (Zeiss Jena) micro-
scope. Ultrathin sections were stained with lead

citrate and uranyl acetate and examined using a
JEM 100 SX EM electron microscope at 80 kV.

Results

Bacteriomes of Palaeococcus fuscipennis are
large, paired organs located in the close vicinity of
ovaries (for a detailed description of the ovary of
P. fuscipennis, see SZKLARZEWICZ et al. 2005).
The bacteriomes comprise several large cells
termed bacteriocytes (Fig. 1). Each bacteriocyte is
surrounded with one-layered epithelium com-
posed of small, flattened cells (Fig. 1). Membranes
of both types of cells are equipped with processes
that intertwine with each other (Fig. 2). The bacte-
riocyte cytoplasm is filled with large, pleomorphic
bacteria, a ramified nucleus, ribosomes and nu-
merous mitochondria (Fig. 3). The pleomorphic
bacteria are surrounded with a cell membrane, the
cell wall is not visible (Figs 2, 3). The cytoplasm of
epithelial cells contains an ovoid nucleus and a
small number of coccoid bacteria (Fig. 2). The lat-
ter have granular cytoplasm and are surrounded
with cell walls (Fig. 2). In the older females con-
taining choriogenic ovarioles both types of micro-
organisms leave the bacteriocyte cytoplasm (not
shown). Released pleomorphic bacteria transform
in shape from irregular into spherical. Then, they
migrate towards the choriogenic ovarioles and en-
ter the cytoplasm of follicular cells surrounding
the posterior pole of the oocyte (Figs 4, 5, 6). After
passage through the follicular epithelium, micro-
organisms locate in the perivitelline space. Egg en-
velopes are incomplete during the migration of
bacteria (Figs 4, 5). The lack of egg coverings
around the posterior pole of the oocytes facilitates
entry of microorganisms to the perivitelline space
(Figs 4, 5). Besides bacteria, the cytoplasm of fol-
licular cells surrounding the posterior pole of the
oocyte is filled with numerous cisternae of rough
endoplasmic reticulum and vacuoles containing
electron-dense granules (Fig. 6). The movement of
coccoid bacteria was not observed. During ad-
vanced choriogenesis, both pleomorphic as well as
coccoid microorganisms are embedded in the floc-
culent material in the deep depression of the oo-
cyte (Figs 4, 5, 7, 8). In ovaries, as in bacteriocytes,
coccoid endosymbionts are less numerous than
pleomorphic ones. The pleomorphic bacteria are
almost spherical and measure about 5 �m in di-
ameter. Like bacteriocytes, the pleomorphic bac-
teria are surrounded with a cell membrane, the cell
wall is not visible (Fig. 8). Within the electron-
dense cytoplasm, a more translucent nucleoid is
visible (Fig. 8). The coccoid bacteria are approxi-
mately 1 ìm in length and 0,5 �m in breadth. In
contrast to pleomorphic microorganisms, they are
surrounded with a cell wall (Fig. 7).
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Figs 1-3. Fragment of the bacteriome. B – bacteriocyte, BN – bacteriocyte nucleus, E – epithelial cell, EN – epithelial cell
nucleus, M – mitochondria, PB – pleomorphic bacteria. Fig. 1. Bacteriocytes surrounded by epithelial cells. LM, methylene
blue, � 1 000. Fig. 2. Fragment of the bacteriocyte and epithelial cell. Arrow – coccoid bacterium, arrowheads – intertwined
projections of membranes of the bacteriocyte and epithelial cell. LM, methylene blue, � 8 400. Fig. 3. Fragment of the
bacteriocyte. TEM, � 7 600.
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The endosymbionts do not invade the ooplasm
until the end of the oocyte growth.

Discussion

Ultrastructural studies have shown that in the
body of Palaeococcus fuscipennis two types of mi-
croorganisms, i.e. pleomorphic and coccoid, are
present. A similar distribution of endosymbionts has
been observed by BUCHNER (1967) in other repre-
sentatives of the family Monophlebidae, namely
Aspidoproctus mirabilis and Walkeriana tosarien-
sis. Thus, our observations support BUCHNER’s
(1965) conclusion that the family Monophlebidae
“…unlike other coccids, is inclined to accept such
companion forms”. In this light, it may be sug-
gested that the occurrence of two types of endo-
symbiotic microorganisms is a characteristic
feature of the family Monophlebidae.

Since large, pleomorphic bacteria are especially
numerous both in bacteriocytes as well as in ova-
ries, we consider them as the primary endosymbi-
onts of these insects. On the other hand, the small
number of coccoid bacteria and their localization
in the bacteriocyte epithelium indicate that they
are secondary endosymbionts. Besides monophle-
bids, pleomorphic bacteria have been reported for
whiteflies (COSTA et al. 1993; SZKLARZEWICZ &
MOSKAL 2001), cockroaches (MILBURN 1966), psyl-
lids (WAKU & ENDO 1987; THAO et al. 2000b) and
leafhoppers (CHEUNG & PURCELL 1999). Pleo-
morphic microorganisms in Palaeococcus as well
as in other insects are characterized by a lack of a
distinct cell wall. SZKLARZEWICZ & MOSKAL (2001)
postulated that the loss of a cell wall in large, pleo-
morphic bacteria is connected with their ability for
shape modification during migration.

In Palaeococcus, as in other insects, microor-
ganisms start to migrate towards the ovaries simul-
taneously and all ovarioles containing choriogenic
oocytes are infected at the same time. This obser-
vation strongly supports the hypothesis that the
movement of bacteria is stimulated by an unknown
factor released by ovaries (EBERLE & Mc LEAN
1982; ¯ELAZOWSKA & BILIÑSKI 1999; SZKLARZE-
WICZ & MOSKAL 2001). The mode of passage of
microorganisms through the follicular epithelium
of P. fuscipennis is of special interest. In all so far

investigated insects, bacteria (or bacteriocytes
harboring microorganisms) crawl through the in-
tercellular spaces between neighboring follicular
cells (¯ELAZOWSKA & BILIÑSKI 1999; SZKLARZE-
WICZ et al. 2000; SZKLARZEWICZ & MOSKAL 2001),
whereas in Palaeococcus pleomorphic endosym-
bionts enter the cytoplasm of these cells and next
undergo exocytosis into the perivitelline space.
Contrary to the situation described in other insects,
in which younger ovarioles are invaded, microor-
ganisms in Palaeococcus infest ovarioles contain-
ing choriogenic oocytes. Since the posterior pole
of the oocyte is not covered with egg envelopes,
the bacteria can reach the oocyte surface. This
situation is very rare among insects and has only
been observed in an oviparous generation of an
aphid, Stomaphis quercus (PYKA-FOŒCIAK, per-
sonal communication). Microorganisms in Stoma-
phis immediately leave the perivitelline space and
invade the oocyte, whereas in Palaeococcus they
assemble in the deep depression of the oocyte pos-
terior pole. Ultrastructure of the follicular cells
surrounding the posterior pole of the oocyte both
in Palaeococus (see Fig. 6) as well as in Stoma-
phis, indicates that these cells are engaged in the
syntheses of precursors of egg envelopes. Thus, it
may be postulated that the process of choriogene-
sis is finally completed once bacteria reach the
perivitelline space. The pleomorphic bacteria ly-
ing in the perivitelline space are accompanied by
coccoid microorganisms. It is probable that due to
a small number of the latter, the period of their
movement is very short and for this reason has not
been observed. The localization of coccoid endo-
symbionts at the posterior pole of the ovariole sug-
gests that they migrate in the same manner as
pleomorphic bacteria. Their function, however,
remains unknown.

Since bacteria do not infest the oocyte until the
end of oocyte growth, it seems probable that, as in
the whitefly Aleurochiton aceris (SZKLARZEWICZ
& MOSKAL 2001), the ooplasm of Palaeococcus is
not infested prior to embryonic development.
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Figs 4-8. Posterior pole of the choriogenic ovariole during the migration of endosymbiotic microorganisms. Arrowheads
indicate pleomorphic bacteria that transverse the follicular epithelium, short arrows – depression of the oocyte filled with
pleomorphic bacteria, long arrows – vacuoles containing electron-dense granules, asterisk – mucous material that fills the
depression of the oocyte, CB – coccoid bacteria, F – follicular cells, N – nucleoid, OC – oocyte, PB – pleomorphic bacteria,
RER – cisternae of rough endoplasmic reticulum. Figs 4, 5, methylene blue, � 700. Fig. 6. Pleomorphic bacteria migrate
through the cytoplasm of a follicular cell. TEM, � 8 800. Figs 7, 8. Coccoid and pleomorphic bacteria embedded in the
mucous material filling the depression of the oocyte. TEM, Fig. 7, � 22 100, Fig. 8, � 11 000.
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