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Summary. Filaments that probably consist of actin have
been observed by electron microscopy in various cells
and structures of the compound eye of insects and crus-
taceans. The overall distribution of F-actin in the com-
pound eye of Calliphora erythrocephala was studied us-
ing fluorescent phalloidins as specific probes for F-actin.
F-actin is localized (1) in the rhabdomeres, (2) in the
Semper cells, (3) in the basement membrane, and (4)
associated with desmosomes and membranes. It is con-
cluded that the actin filaments present in the compound
eye are involved in mechanical stabilization (e.g., within
microvillar processes of the Semper cellsand in associa-
tion with intercellular contacts) and in motile phenom-
ena (e.g., in the rhabdomeric microvilli).
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The cytoskeleton in the cells of the ommatidia of the
insect compound eye has only partially been examined
and characterized (Blest 1988; Blest and Eddey 1984;
Blest et al. 1984; Walz 1983). Most studies have focused
on the axial filaments within the rhabdomeric microvilli
of the photoreceptors (for example Blest et al. 1982a,
b; el-Gammalet al. 1987). In contrast to microtubules,
microfilaments can be specifically characterized only by
immunohisto- or cytochemical methods. Using these
techniques, Arikawa and coworkers (1990) have shown
in Drosophila melanogaster, that the axia filaments of
the photoreceptive microvilli are composed of F-actin.
However, a systematic study of the distribution of actin
filaments within the insect compound eye is still lacking.
In the present study it is shown that actin filaments in
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Calliphora erythrocephala occur within (1) the rhabdo-
meric microvilli, (2) the basement membrane, (3) the
microvillar projections of the Semper cells, and are (4)
associated with microtubules or with desmosomes or he-
midesmosomes.

Materials and methods

The wild-type and the white-eyed "' chalky™ mutant of Calliphora
erythrocephala (Diptera) were obtained from local cultures.

Preparation. Specimens were fixed in a mixture of 0.2% glutaralde-
hyde and 3% paraformaldehyde in 0.1 M phosphate buffer,
pH 7.2, for 3h at 4°C. They were subsequently washed in cold
buffered 10% sucrosefor 1 h. followed by infiltration with buffered
25% sucrose for 12h at £ C. The specimens were surrounded
by boiled liver, embedded (medium: Reichert-Jung, Nussloch,
FRG) and cryofixed in melting iso-pentane. They were sectioned
at 6-12 um thickness in a cryostate (Dittes, Heidelberg, FRG) be-
tween — 15°C and -25° C, and placed on coverslips precoated
with 0.05% aequous poly-L-lysine.

Phalloidin staining. Rhodamine-coupled phalloidin (a generous gift
from Dr. H. Faulstich, M Pl for Medicine, Heidelberg) and FITC-
coupled phalloidin (Sigma, Deisenhofen, FRG) were used as specif-
ic probes for filamentous actin (Wulf et al. 1979; Faulstich et al.
1988). Each cryosection was incubated with 7 pl of one of the
fluorescent phalloidins in phosphate-buffered saline, pH 7.2, (PBS)
(0.0 mg/ml and 0.1 mg/ml. respectively) for 1 h at room tempera-
ture and washed 3 times in PBS and one time in H20 to remove
unbound dye. The sections were then mounted in Mowiol 4.88
(Farbwerke Hoechst, Frankfurt. FRG) containing 2% n-propyl-
gallate to retard photobleaching.

Controls. The specifity of the fluorescent phalloidins was tested
in insect muscles. Both phalloidins reacted only in the light band
of muscle containing F-actin.

For additional controls parallel cryosections were preincubated
with unlabeled phalloidin (a generous gift from Dr. H. Faulstich)
(1 mg/ml) in PBS for 30 min or 2.5h at room temperature and
washed 3 times in PBS, before treating with the fluorescent phalloi-
dins (see above).

The mounted frozen sections were examined and photographed
with a Zeiss Axiophot microscope.



Fig. 1. Diagram of the distal part of an ommatidium in the blowfly
compound eye. The Semper cells (S) are intercalated between the
dioptric apparatus (C cornea; CC cristalline cone) and retinula
cells(R). PP primary and SP secondary pigment cells; RC rhabdo-
mere caps. Planes of transverse section of Fig. 5a—c are indicated
by lines. Arrowpoints to rhabdomeric microvilli

Results and discussion

Specificity of fluorescent phalloidins. Whereas fluorescent
NBD-phallacidin binds to the rhabdomeric microvilli of
the crayfish photoreceptors nonspecifically (DeCouet
et al. 1984), the present preincubation experiments with
unlabeled phalloidin show that both fluorescent phalloi-
dins react specificaly in all regions of the blowfly com-
pound eye. After 30 min of preincubation with unlabeled
phalloidin the phalloidin-fluorescence was notably re-
duced while after 2.5 h the phalloidin-fluorescence was
abolished in al regions of the compound eye usually
stained, including the rhabdomeric microvilli.

Phalloidin-staining in the compound eye

The distal part of an ommatidium of the blowfly eye
is schematically illustrated in Fig. 1. Both the FITC-
and the rhodamine-coupled phalloidin react in the same
structures of the compound eye of the wild-type and
the white-eyed mutant. In longitudinal sections there is
intense fluorescence in a disc-like structure proximal to
the dioptric apparatus (Figs. 2, 3a); fluorescent spots
are also present in a more proximal layer (Fig. 3). Fluo-
rescent stripes below this layer (Fig. 3) project through
the length of the ommatidia down to the brightly stained
basement membrane (Fig. 2). The reacting sites can be
localized by comparisons between the longitudinal sec-
tions, stained transverse sections cut in selected planes,
and corresponding Nomarski pictures.

Dioptric apparatus. The fluorescence of the cornea
(Figs. 2, 3) isunspecific since it appears aso in unstained
controls.

Semper cells. Three different planes in the four Semper
cells can be distinguished morphologically and by their
staining pattern: (1) an apical region, characterized by
numerous microvilli containing numerous microfila-
ments (7 nm in diameter. Walz 1983). These filaments
are most likely the source of the intense staining with
both phalloidins (disc-like structure in Figs. 2, 3, 5a)
and, hence, they are characterized as actin filaments.
(2) A median region at the beginning of the intraommati-
dial space where the Semper cells and their nuclei are
arranged in a typical four-leafed clover structure (No-
marski picture 5b). The nuclei and the extracellular
space lack fluorescence (Fig. 5b). An intensely fluores-
cent band adjoins the extracellular space, but the cyto-
plasm of the Semper cdls is only weakly stained
(Fig. 5b). This fluorescent band probably results from
actin filaments that lie beneath the plasma membrane
facing the interommatidial space (Walz 1983). (3) More
proximally, the Semper cells enclose the rhabdomere
caps (Nomarski picture in Fig. 5¢). These extracellular
caps are encircled by a fluorescent band containing fluo-
rescent spots (Fig. 5¢). At this plane, microfilaments
(7 nm in diameter) are associated with hemidesmosomes
connecting the basolateral membrane of the Semper cells
with the rhabdomere caps (Walz 1983). Here, these fila-
ments have to be considered F-actin because of the in-
tense phalloidin fluorescence in this region

Retinula cells. In transverse sections of the ommatidia,
the rhabdomeres of the seven photoreceptor cells are
conspicuous due to their intense staining (Fig. 5d). The
fluorescent phalloidins seem to react with the central
filaments of the rhabdomeric microvilli (Varela and
Porter 1969). Actin filaments have also been character-
ized within the photoreceptive rhabdomeres of the cray-
fish (DeCouet et al. 1984), the leech (Blest et al. 1983)
and Drosophila (Arikawa et al. 1990).

A weak fluorescence was also observed in the sub-
rhabdomeric region of the cytoplasm (Fig. 5d). In this
area the staining may be caused by some of the microvil-
lar filaments projecting into the cytoplasm of the photo-
receptors (Blest et al. 1984a; Arikawa et al. 1990).

Pigment cells. The primary pigment cells enclose the
cones, the secondary pigment cells the ommatidia
(Fig. 1). Fluorescence is visible at the sites of contact
between the secondary pigment cells (Fig. 4). This is
probably due to the actin filaments that are associated

Fig. 2. Fluorescent micrograph of longitudinal section through the
compound eye of Calliphora erythrocephala. Phalloidin-FITC
reacts within a disc-like structure (arrowhead) and in stripes project-
ing to the intensely stained basement membrane (bm).Bar: 100 um;
x 125

Fig. 3a, b. Longitudinal section through the distal parts of omma-
tidia of the compound eye. a Fluorescent micrograph and b No-
marski optics. Arrowhead points to disc-like structure; arrow indi-
cates a fluorescent spot. ¢ Cornea; cc crystalline cone: s Semper
cells. Compare with diagram in Fig. 1. Bar: 20 um: x 500
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Fig. 4a, h. Transversc section throughomniatidia of thecompound
eye or C. erythrocephala at the level of rhabdomeric microvilli.
a Fluorescent micrograph and h Nomarski picture. Phalloidin-rho-
damine stains microvilli of the saven rhabdomeres and reacts in
regions facing contacts between the secondary pigment cells (arrow-
heads). Bar: 20 pm; x 500

Fig. sae. Transverse sections through an ommatidium of the com-
pound eye in selected planes (on the left, phalloidin-fluorescence
images; on the right, Nomarski optics), the levelsof a apical region
of Semper cells; b median region of Semper cells; ¢ rhabdomere
caps (arrowhead); d rhabdomeric microvilli; and e basement mem-
brane. (Planes of a—c areindicated in Fig. 1.). Bar: 10 pm; x 1250
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with desmosomes linking the membranes of neighboring
cells (Chi and Carlson 1981). The cytoplasm of both
cell typesis not stained (Figs. 2-5).

Basement membrane. The cellular components of the
basement membrane of the compound eye of the blowfly
comprise flattened extensions of both the Semper cells
and the secondary pigment cells (Odselius and Elofsson
1981). Intense fluorescence is observed in the pigment
cells, which encircle each ommatidium at this leve
(Fig. 5e; for ultrastructural comparison, see Fig. 20 in
Charlson and Chi 1979). Both the projections of the
Semper cells and the axons of the photoreceptor cells
remain unstained (Fig. 5e).

Blest and DeCouet (1983) previously described actin
filamentswithin the cellular components of the basement
membrane of the blowfly Lucilia cuprina. However, in
the present material the phalloidin-staining pattern of
the transverse sections through the basement membrane
(Fig. 5e) differs from that published by Blest and De-
Couet (1983; Figs. 10, I1). Their NBD-phallacidin-
staining pattern does not correspond with the phalloi-
din-staining pattern in transverse sections, but, in con-
trast with the staining pattern found in rather oblique
sections through the compound eye of Calliphora.

Function of actin filaments in the insect compound eye.
Actin filaments in non-muscle cells may serve either a
contractile or a mechanically stabilizing cytoskeletal
function. They are mechanical stabilizers in microvillar
projections of cells (for example, in the brush border
of vertebrates, see Mooseker 1985) and in cellular ele-
ments where actin filaments are associated with microtu-
bules (Slepecky and Chamberlain 1983; Morgenson and
Tucker 1988; Wolfrum 1990). In contractile systems, ac-
tin is always associated with myosin (Fulton 1984).

The actin filaments within the Semper cells are locat-
ed in microvillar projections of the apical portion and
associated with microtubulesin the middle and proximal
cell region (Walz 1983). Therefore, they may stabilize
the Semper cells, and, thus, support the linkage between
the rhabdomeres and the dioptric apparatus. The actin
filaments in the cellular components of the basement
membrane (see also Blest and DeCouet 1983) and the
filaments facing membranes or desmosomal structures
within both Semper and pigment cells (Waz 1983) may
also have stabilizing functions.

Contraction in the filament systems associated with
desmosomes may be possible, since actin, myosin and
a-actinin are associated with desmosomesin other tissues
(Drenckhahn and Dermietzel 1988). Furthermore, the
actin within the rhabdomeric microvilli may differ from
the actin within microvilli of other cell types (Stowe and
Davis 1990). In Drosophila, the axial filaments may be
linked to the plasma membrane by myosin | (Montell
and Robin 1988; Arikawa etal. 1990). A similar
ATPase, the 110-kD protein is localized in the intestina
microvilli (Collins and Borysenko 1984; Mooseker and
Coleman 1989), but nothing is known about its function
there. Myosin | may function as a spacer in the rhabdo-
meric microvilli of insect photoreceptors holding the ax-

ial filaments centrally and stabilizing the microvilli. It
isalso possiblethat actin filaments (axial filaments, cyto-
plasm filaments) are involved in motile phenomena such
as organelle movements or movements of particles
(Adams and Pollard 1989). In addition, the axial fila-
ments itself may be involved in movements induced by
interaction of actin and myaosin.
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