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Wilkin Wai-Kuen Cheung and Alexander H. Purcell (1999) Invasion of bacteroids and BEV bacterium into
oocytes of the leafhopper Euscelidius variegatus Kirschbaum (Homoptera: Cicadellidae): An electron
microscopic study. Zoological Studies 38(1): 69-75. Electron microscopic studies were carried out on the
infective stages of symbiotic bacteroids a and ¢, and their chronic pathogen BEV together with ovarioles of the
leafhopper Euscelidius variegatus Kirschbaum fixed in situ. The bacteroids were carried in cluster of host cells
in the hemolymph as an infective mound during the second day of adult emergence. Before entering an
ovariole through special wedge cells of the follicular epithelium, they were released as individuals. The BEV
bacteria were also carried in infective mounds and were released to the hemolymph for oocyte infection. Host
hemocytes (probably plasmatocytes) engulfed bacteroids and BEV bacteria in the hemolymph when they were

not protected by host’s cell membranes.
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There are 2 types of symbiotic bacteroids,
designated by Mdller (1949) as a and {, in the
leafhoppers Euscelidius variegatus Kirschbaum
and Euscelis spp. (Hemiptera: Cicadellidae).
Kérner (1969 1972 1978), Schwemmler (1971
1973 1974), and Louis and Nicholas (1976) have
described their fine structure. These prokaryotic
microorganisms, named protoplastoids by
Schwemmler (1971, Schwemmler et al. 1975), are
harbored intracellularly in special organs called
mycetomes or bacteriomes (Schwemmler 1974
1983). The infective stages of these bacteroids are
carried in host cells (bacteriocytes) or “infective
mounds” (Buchner 1965, Kérner 1978) and travel
to the developing oocytes of young female adults.
Within the ovariole, specialized follicular cells
called wedge cells mediate the transfer of the
bacteroids from the infective mounds to invade the
mature oocytes (Kdrner 1978, Schwemmler
1980a,b 1983). The a and t symbionts migrate to

the posterior pole of the mature oocytes and form
a posterior ball of symbiont cells (Schwemmler
1980a,b 1989).

In addition to a and t symbionts, Schwemmler
(1974) described a cultivable, but unidentified,
rod-shaped bacterium (designated KRE) as a
“facultative symbiont” of the leafhopper Euscelis
incisus (= plebejus). The mutual relationships of
these organisms to one another are not fully
understood. Purcell et al. (1986) and Cheung and
Purcell (1993) also found that a cultivable
bacterium (tentatively termed BEV) parasitized E.
variegatus. This bacterium is transovarially
transmitted to the host’s progeny and has been
shown to reduce the longevity and fecundity of the
leafhopper (Purcell and Suslow 1987).

In order to better understand of the migratory
mode of these bacteroids in the hemolymph to the
oocytes and their relation to BEV, an ultrastructural
study was undertaken.
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MATERIALS AND METHODS

Two-day-old adult female Euscelidius varie-
gatus (bacteroid migratory phase, Schwemmler
1973) were dissected after decapitation. The
ovarioles, lateral oviducts, and migratory bacteroids
were fixed in 2.5% glutaraldehdye in 0.1 M sodium
cacodylate buffer (pH 7.2) (3 lots of fixation, in
triplicate). After fixing 1 h, the severed tissues
were briefly washed with cacodylate buffer. They
were then post-fixed in 1% osmium tetroxide (pH
7.2) in cacodylate buffer for 1 h. After dehydration
in ascending alcohol series and acetone, the
tissues were embedded in Spurr resin (Spurr 1969)
and polymerized at 60 °C for 48 h. Thin sections
were cut by a Reichert OMU2 ultramicrotome and
were stained with 2% aqueous uranyl acetate and
later 1% lead citrate. Sections were viewed with a
JEOL JEM-1200EXIl or 100CX electron micro-
scope.

Bacteroids en bloc, ovaries and mycetomes
were fixed in formol saline, dehydrated, and
embedded in paraplast. Sections were cut at 6 um
with a rotary microtome and subjected to the
following histochemical tests with or without
appropriate enzymic treatments: Pyronin-Y and
methyl green for DNA materials (Pearse 1985),
mercury-bromophenol blue for proteins (Culling
1963), Sudan black B for lipids (Chieffelle and Puit
1951), and Paraldehyde-Schiff for glycogen
materials or mucopolysaccharides (Humason
1979). The microorganisms were also tested with
Gram staining (Culling 1963).

RESULTS

Infective stages of a and t bacteroids had
double unit membranes at their periphery, dense
matrix, diffuse DNA strands (confirmed by Pyronin
Y and methyl green test), and dark inclusion bodies
of 1-2.5 um diameter (Figs. 1-5). These inclusion
bodies stained positive for proteins; cell mem-
branes of bacteroids stained positive for proteins,
lipids, and mucopolysaccharides. The bacteroids
were contained in migratory bacteriocytes, and
could move from the bacteriomes to the lower
developing oocytes as globular structures that
could be termed infective mounds while in the
hemolymph. The individual infective bacteroids
had different morphologies and osmium-staining
properties when compared to their vegetative
states (Kérner 1972, Schwemmier 1974), but both
stained Gram-negative. They were released from

the bacteriocytes or infective mounds to invade the
follicular cells as individual organisms (Fig. 5).
When free in the hemolymph, a and t bacteroids
were not protected by a bacteriocyte membrane
(Figs. 5, 6).

The infective a bacteroids (Figs. 1-3)
measured 7 um x 8 um, had division septa, and
were heavily osmiophilic owing to an increase of
cytoplasmic density (Chang and Musgrave 1975,
Kérner 1976). When free in the hemolymph, they
were oval, 4 um x 6 um (only partly shown in Fig.

Fig. 1. Transverse section of part of a bacteriome (upper left)
of a 2-d-old female adult and a globular infectious mound (lower
right) with a and t bacteroids (a, t), showing division septa (s),
inclusion bodies (i), diffuse DNA strands (arrow) in a and ¢
bacteroids, bacteriome cell membrane (bcm), and hemolymph
(h). Bar = 5 um.

Fig. 2. High magnification of part of an infective mound. Labels
as above. Bar = 2 um.
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5). Schwemmler (1980a) called these the 2nd
infective stage or non-dividing stage.

Bacteroids of the finfective stage (Figs. 1, 2,
4) were 6 um x 9 um in size and were less
osmiophilic than the a bacteroids. They possessed
scattered DNA strands and large, oval, dark-
staining inclusion bodies which stained positive
for proteins by mercury-bromophenol blue.
Sometimes division septa were also seen. The
free, non-bacteriocyte-bound individuals in the
hemolymph (2nd infective stage comparable to a
bacteroids) were hyaline in appearance and
measured 3 um x 5 um (Figs. 5, 6). Both a and

Fig. 3. Transverse section of an infective a bacteroid, showing
inclusion body (i), DNA materials (arrows), and bacteriocyte
membrane (cm). Bar = 1 um.
Fig. 4. Transverse section of an infective t bacteroid, showing
inclusion body (i), DNA materials (arrows), and bacteriocyte
membrane (cm). Bar = 1 um.

t bacteroids could perform phagocytic or vacuole
formation activity, resulting in phagosomes or
vacuoles in the cytoplasm (Fig. 5).

The follicular epithelial cells of the ovary (Fig.
6) had elongated nuclei, numerous mitochondria
(faintly seen), vacuoles, and dense bodies (Cheung
1995). Special follicular cells, called wedge cells,
were sites where individual bacteroids penetrated
into the developing oocytes to form the posterior
symbiont ball (Cheung and Purcell in prep.). The
bacteriocytes probably burst, releasing the
bacteroids and BEV into the hemolymph from
which they infected the wedge cells (Schwemmler

Fig. 5. Transverse section of part of wedge cells (wc) of
follicular epithelium with invading bacteroids (a, t) and naked
infective t and part of a bacteroids in the hemolymph (h),
showing phagocytic or vacuole formation activity (v), a
phagosome (p), and diffuse DNA strands (arrows). Bar=5 um.
Fig. 6. Longitudinal section of follicular epithelial cells (f) with
wedge cells (wc) invaded by a and t bacteroids (a, t), showing
nuclei {n), vacuoles (v}, dense bodies (db), part of a developing
oocyte (0), and hemolymph (h). Bar = 5 um.
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1980a).

The rod-shaped bacterium BEV measured
0.5 um x 5 um (Figs. 7, 9). It also stained Gram-
negative and was observed among a and f
bacteroids in the infective mound, or individually in
the hemolymph. Scattered DNA strands were
detected in its cytoplasm by using Pyronin Y and
methyl green stain, and proteins stained positively
using the bromophenol blue test.

Since BEV infected the developing oocytes
when released from the infective mounds, it could
be seen individually in the hemolymph (Fig. 9).
Hemocytes (probably plasmatocytes) were
observed in various stages of phagocytosis (Figs.
8, 10). A hemocyte had a large, centrally placed
nucleus with dark patches of chromatin-like
materials. Various types of vacuoles, dense
bodies, and lysosome-like bodies were seen in the
ground cytoplasm. The hemocyte in Fig. 8
extended a pseudopodium to engulf foreign bodies

Fig. 7. Transverse section of an infective mound with a and ¢
bacteroids (a, t) and BEV bacteria (b) inside it. Bar = 2 pum.
Fig. 8. Transverse section of a hemocyte, showing nucleus (n),
dense bodies (db), a BEV bacterium undergoing lysis (bly), a
mitochondrion (m) to be phagocytosed, and extended
pseudopodium (p) in the hemolymph (h). Bar = 2 um.

or organic debris such as disintegrated cell
components (a mitochondrion in this case).

Bacteroids and BEV outside of oocytes were
phagocytosed by the hemocytes that engulfed
these microbes and lysed them within their
lysosomes (Figs. 8, 9). Partially digested BEV and
remains of “cell membranes” of ingested materials
can be faintly seen in Figs. 9 and 10.

DISCUSSION

It has been proposed that symbionts in insects
supply essential nutrients such as steroids,
vitamins, and certain proteins for the host (Campell
1989, Douglas 1989). Homopterous insects, which

Fig. 9. Transverse and longitudinal sections of BEV bacteria (b)
in the hemolymph (h), showing thick bacterial cell wall (cw) and
DNA material {arrow), and a hemocyte (hm) with phagocytosed
BEV. Note vacuoles (v), lysosome-like body (ly), and remains of
“cell membranes” of digested materials (r). Bar = 1 um.

Fig. 10. High magnification of part of a hemocyte, showing BEV
bacteria (b), lysosome (ly), vacuoles (v), hemocyte cell
membrane (cm) and remains of “cell membranes” of digested
materials (r). Bar = 0.5 um.
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feed on plant sap (such as xylem sap) with
extremely poor nutritional contents (Cheung and
Marshall 1973) should need food supplements from
their harbored symbionts. The same phenomena
occur in stored-product insects such as the weevil
Sitophilus granarius L. (Grinyer and Musgrave
1966) and the head louse Pediculus humanus L.
(Eberle and MclLean 1983).

In E. variegatus, the a and t symbionts are
prokaryotic in morphology and their cytochemical
properties are comparable to similar forms in other
leafhoppers such as Euscelis incisus (Schwemmler
1974 1980a,b), Helochara communis Fitch (Chang
and Musgrave 1972), and Nephotettix cincticeps
Uhler (Nasu 1965, Mitsuhashi and Kono 1975).
They are usually found intracellularly (except as
free individuals in the hemolymph), lack organelles
and internal compartmentalization, and have
diffuse DNA materials and Gram-negative staining
properties, etc. The symbionts must adapt to the
host’s internal environment and be transmitted to
the developing oocytes when the female insect is
sexually mature. In E. variegatus, as in Euscelis
incisus (Schwemmler 1974 1980a,b), the trans-
mission process is most likely mediated by infective
stages carried in bacteriocytes in the hemolymph
as an infective mound. When these clustered
bacteriocytes burst, the bacteroids are freed within
the hemolymph.

Generally, bacteroids in an insect host must
withstand the host’s antibacterial immune
mechanisms such as lysozymes and phagocytic
hemocytes (G6tz and Boman 1985, Schwemmler
and Maller 1986, Gupta 1989 1991). When not
protected by host cell membranes, the host’s
immune system can react to the bacteroids and
treat them as foreign bodies. Thus, these proka-
ryotes are destroyed by host cells or lysozymes
unless they reach the specific targets such as the
posterior region of lower oocytes at an appropriate
time related to suitable female hormone titre
(Schwemmler 1974), or by adopting certain
strategies to counter the immune reactions of the
host (Gupta 1989 1991).

In P. humanus, hemocytes were seen to
accumulate on the surface of the lateral oviducts so
as to enguilf the remaining symbionts that failed to
penetrate into the developing oocytes (Eberle and
McLean 1983). Our observations of E. variegatus
also show that the hemocytes lysed bacteroids and
BEV bacteria that were free in the hemolymph.

As mentioned by Schwemmler and Muller
(1986), the production of infectious symbionts
takes place only during certain stages of host

development (probably the 2nd to the 7th days of
adult maturation). The reason may be the fact that
a fully grown egg would have a gradually hardened
chorion forming a protective covering of the egg
(Wigglesworth 1972). This would prevent the easy
entry of bacteroids or BEV. Thus the migration
of the latter should be synchronized with egg ma-
turation, though egg maturation can be extended
over several weeks for some individual leafhoppers
(Nault and Rodriquez 1985).

Rod-shaped bacteria have also been reported
to be associated with bacteroid symbionts in other
leafhoppers such as Euscelis lineolatus Brulle
(Maillet 1970), Helochara communis Fitch (Chang
and Musgrave 1972), and Nephotettix cincticeps
Uhler (Nasu 1965, Mitsuhashi and Kono 1975).
The transmission of these microorganisms to their
host oocytes may have some similarities that are
worthy of investigation.
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