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SUMMARY

The distribution and localization of actin in
hyphae of zvgomycetous fiingi were examined by FFITC-
phalloidin staining of paraformaldehyde fixed cells by
using fluorescent light microscopy. The cvtochemistry
stucy using Absidia cylindrospora, Gongronella butleri
and Mucor javanicus revealed that the distribution and
localization of actin in mycelia were under different
patterns and arrangements such as filaments, patches,
peripheral plaques or spots and granules with prevalence
of patches. Actin patches ocurred throughout the
peripheral cytoplasm. Actin fibers oriented parallel to
the long axis were observed and associations betveen
patches and fibers were visualized. A diffuse amorphous
cvtoplasm staining was visualized in central region of
cvtoplasm. Actin staining in hyphae tips was observed
only in Mucor javanicus. This differentiation in actin
arrangement could be related to the differences in the
expansion zones of the cell wall o/ fungal species studied.

INTRODUCTION

Zygomycetes are of great interest for the industry
and economy due fo its involvement in the process of
biodegradation, biodeterioration and in the secretion of
secondary metabolites (Dube, 1978; Tombs & Blake. 1982;
Endo et al.. 1985; Trudel & Asselin, 1990; Certik et al.,
1997).

In human medicine zygomyceles species are
considered opportunistic pathogens to immuno-

RESUMEN

Mediante estudios de microscopia optica de fluo-
rescencia se describe Vv caracleriza la estructura, distri-
bucion y localizacion de la actina, en ires especies de
hongos de la clase Zygomycetes: Absidia cylindrospora,
Gongronella butleri y Mucor javanicus. La estructura de
la actina fué analizacda utilizandose el marcador FITC-
Phalloidina, especifico para actina, en muestras fijadas
con formaldehido. En los resultados se observan diferen-
cias en la estructura, distribucion y localizacién de esta
proteinaen las especies analizadas. Filamentos, aglome-
rados, placas o aglomerados periféricos y granulos, fite-
ron las formas mdas comunes encontradas en los hongos,
con prevalencia de los aglomerados observacdos en todo
lo citoplasma de las hifas. La tincion de actina en los
apices de las hifas, solo se observo en Mucor javanicus,
esta diferencia en la estructura de la actina podria estar
asociada a zonas de expansion de la pared celular de los
hongos.

compromised host. However, many zygomicosis cases arc
described in apparently healthy individuals. Clinical
manifestations of zygomicosis including rhinocerebral,
gastric, pulmonar, sino-orbital, cutaneous and systemic
(Bittencourt ef al., 1980; Lehrer er al..1980: Levy et al.,
1986; Espinel-Ingroff ef al., 1987; Walsh er al., 1994,
Attapattu, 1995; Kimuraet al., 1995; Weitzman et al., 1995;
West et al., 1995; Schipper et al., 1996: Mitchell et al.,
1996).

It is now well established that most animal cells con-
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tain ordered arrays of three major fiber systems: micro-
tubules, microfilaments and intermediate filaments, which
correspond to the cell cytoskeleton. Their organization in
different cell types has been extensively studied. These
systems are involved in many diverse functions including
developement and control of cell morphology and polarity,
adhesion, membrane stability, organelle movements, cellular
division and growth (Schliwa & Blerkom, 1981; Hitt &
Luna, 1994).

Previous experimental data suggest that the action
of cytoskeleton may be fundamentally involved in hyphal
growth, morphogenesis and migration of cytoplasmic
elements of fungal cell (Howard & Raist, 1980; Hoch &
Staples, 1983; Anderson & Soll, 1986; Heath, 1987, 1988,
1990; Butt & Heath, 1988; Salo et al., 1989; Bartinicki-Garcia
et al., 1990; Jackson & Heath, 1990; Temperli ez al., 1990;
Roberson, 1992). '

Although the presence of actin and tubulin in fungal
hyphae is not questioned, its spatial organization in most
fungal species remain uncertain. Indeed, in spite of
zygomycetes importance, studies on their basic biology
are scarse (Butt & Heath,1988), mainly those concerning
to cytoskeleton elements structure, distribution and
functions. It is therefore of considerable interest to
investigate the cytoskeleton in these organisms.

It was the aim of this investigation to identify and
describe the distribution, structure and localization of actin
cytoskeleton in hyphal cells of Absidia cylindrospora,
Gongronella butleri and Mucor javanicus as detected by
fluorescence optical microscopy by using phalloidin
coupled to fluorescein isothyiocianate. Phalloidin is a
fungal toxin obtained from Amanita phalloides
(Basidiomycetes), which has a specific affinity for actin.

MATERIALS AND METHODS

Organisms and Cultures

Absidia cylindrospora 3351 Hagem, Gongronella
butleri 2151(Lender)Peyronel & Dal Vasco and Mucor java-
nicus 1989 Whemer. The isolates were obtained from De-
partamento de Micologia da Universidade Federal de Per-
nambuco, Brasil. Stock cultures were manteined in PDA
(Potato Dext. Agar) medium, wherein the organisms exhi-
bited the maximum growth, and were incubated at 26° C.

The mycetia of Absidia cylindrospora 3351, Gon-
gronella butleri 2151 and Mucor javanicus 1989 were
grown in liquid synthetic medium for mucoralean (SMM),
described by Hesseltine: & Anderson (1957). modified by
Campos-Takaki (1984). The organisms were grown during
3 daysat 26°C in a reciprocal shaker (200Hz).

Fluorescence Optical Microscopy

Collected samples were washed in phosphate-
buffered saline (PBS) at pH 7,2 and fixed by immersion in
4% formaldehyde, prepared from paraformaldehyde
granules, in PBS at pH 7,2 for 30 minutes at room tempe-
rature. Samples were rinsed in three 10 minutes changes
each being PBS at pH 7,2. At this point, samples were
attached to polyL-lysine-coated slides without air drying.

Fixed hyphal cells were incubated for 20 minutes in
0,1% triton X-100 in PBS to partially solubilized plasma
membrane. After a brief wash in PBS, samples were
incubated for 10 minutes in PBS-BSA (0,1% (p/v) bovine
serum albumin).

Samples were incubated in fluorescein isothio-
cyanate (FITC)-conjugated phalloidin diluted 1:100 in PBS,
over-night at 4°C. After rinse in PBS, samples were mounted
in 90% glycerol: 10% carbonate bicarbonate buffer (0,1M,
pH9.2).

Observations and photomicrographs were made on
Olympus BH2 light microscopy equipped for epi-
fluorescence viewing. The excitation, reflector, and barrier
filters used for FITC were 400-490, 510, and 520 nm
respectively. Photomicrographs were taken with Kodak T-
max film exposed at 400 ASA.

RESULTS

Light microscopic fluorescence localization of actin
in formaldehyde-fixed hyphal cells of Absidia
cylindrospora, Gongronella butleri and Mucor javanicus
resulted in highly reproducible fluorescent images.

The sites of FITC-phalloidin labeling appeared as
brightly fluorescent individual plaques or spots, coarse
longitudinal fibers, patohes arid diffuse and amorphous
cytoplasrnic staining in the organisms studied.

The experimental fluorescence control not incu-
bated with FITC-phalloidin, showed no fluorescence at all
(Figure 1).

The cytoplasmic region of hyphal cells of Absidia
cylindrospora had a diffuse, amorphous fluorescent
staining. Actin patches and filaments in cytoplasmic region
are also identified. The septum region exhibited a fluo-
rescent band (Figure 2).

Coarse actin fibers could be seen in hyphae peri-
phery. Intense bright fluorescent patches in cytoplasmic
region were also observed in Absidia cylindrospora (Fi-
gure 3).

In Gongronella butleri transverse cross-bands with
fluorescence staining were observed in septum region and
hyphae branching. Actin coarse fibers and actin filaments
were also seen in hyphae cytoplasm (Figure 4).

Intense actin fluorescence staining in the form of
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patches. plaques and granules was visualized in
Gongronella butleri. Anamorphous difTuse actin staining
was observed in central cyvtoplasmic region (Figure 5).

Al the periphery of the hyphac. coarse actin fibers
and filaments in close association with peripheral patches
could be observed (Figure 6).

Actin fluorescence staining diffuse amorphous was
observed through hyphae cytoplasm of Mucor javanicus.
The organisim presenicd actin in the form of thin filaments
(Figure 7).

Bright f{luorescent spots in hyphac periphery. an
amorphous fluorescent staining and thin filaments staining
in branching region were also observed in Mucor
Javanicus. Actin filaments and patches associations were
also seen in a branching region of the hyphae (Figure 8).

Actin fibers and filamentous arrangement with high
fluorescent staining oriented parallel to the longitudinal
axis of cell wall were observed in all species (Figures 2-8).

In hyphac examined the most obvious form of actin
labeling was visualized as individual patches.

DISCUSSION

Fluorescence microscopy by using FITC-phalloidin
had provided a morc complete view of the actin
cyloskeleton in many cell types. Until 1983 the actin was
not demonstrated in filamentous fungi through light
microscopy. Since then many researchers have dedicated
their attention to characterize the actin cytoskeleton in
fungal cell and the results showed a great variability related
to structure and distribution in the species studied (Hoch
& Staples. 1983).

Actin in mycelial fungi has been demostrated mostly
in sitn by immunological and cytochemical methods
through electron and optical microscopy ( Heath. 1987:
Hoch & Staples. 1983: Runenberg & Raudaskoski. 1986)

The light microscopic resulls presented in this
study reveal that actin is arranged in different forms in all
species studied: I. individual plaques. patches and spots:
2. coarse fibers: 3. thin filaments arid 4. amorphous
cyloplasmic aciin.

These general observations were similar (o previous
light microscopic investigations of hyphae cells using
fluorescent-labeled phallotoxin. However. actin binding-
proteins may influence the properties of actin arrangement
and the observation of diffcrent patterns of actin
distribution, localization and forms could be related to this
protein activity (Heath, 1987).

The actin distribution and structure in hyphal cells
may vary among different fungi classes. In Oomycete
Saprolegnia ferax (Heath. 1987: Heath. 1988: Jackson &
Heath. 1990) and during uredospores germination of the
basidiomycete Uromyces phaseoli (Hoch & Staples. 1983).

long filaments were homogeneously distributed.

On the other hand, the hyphae of various basidio-
mycetous fungi actin was mostly preserved in the form of
granules (Salo eral.. 1989).

Temperli et al., (1990) describe structural arrange-
ment of actin such as globular. smail granules and with a
high fluorescente intensity.

In Neurospora crassa (Ascomyceles) aclin staining
in apical region was observed as cap arrangement and in
subapical region the actin was in the form of bright spots
along the hyphal axis (Barjaer al., 1991).

Roberson (1992) related the presence of actin in
Sclerotium rolfsii, in this fungi. actin was in the form of
fluorescent patches. longitudinal fibers. subapical-cross
bands and diffuse. amorphous cytoplasmic actin. In the
apical region the actin was observed in the form of indivi-
dual patches.

Gongronella butleri was the species with (he
highest fluorescent staining and presented the actin in
different arrangements. fibers. patches. filaments. plaques.
spots and amorphous forms were observed. A patiern si-
milar to Scierotium roifsii. Indecd. the species exhibiied
coarse associations between actin fibers and patches. Actin
staining was observed in regions of septa and branching
of the mycelia.

In Mucor javanicus cyloplasmic staining located
in hyphal tips as amorphous cap arrangement with high
fluorescence was observed. Actin fibers and plaques along
the longitudinal axis of the hyphae were observed , whicli
possibly correspond (o the zones of wall expansion.

Absidia cylindrospora exhibited actin plaques in
cyvtoplasmic region with high [luorescent staining and
plaques in regions of branching and septa of the hyphae
with weak staining.

The results showed in this work suggest the exis-
tence of a great diversity in structure and distribution of
actin cytoskeleton in Zygomycetes. The actin cytoskeleton
therefore may be assosiated with different functions in the
specics studied.

Neozygite sp. (Zygomycetes) show actin micro-
filaments only during the septal development. including
spots. plaques and globular actin arrangement in apical
and subapical regions (Butt & Heath. 1988).

Hoch & Staples. (1983) showed that actin structurc
is related to its ligation to intracellular structures as
observed in Uromyces phaseoliwherein it was possible
to demonstrate that actin plaques in hyphac perifery co-
rresponded to actin filaments attached to (ilassomes by
using light microscopy and «freeze-fracture».

The association between actin and cell wall is rela-
ted to sites of cell wall formation and extension and suggest
its involveme.! in processes of synthesis and modification
of cell wall. Actin filaments are thought to be involved in

3



Actin cytoskeleton structure - Shari’a, A. et al.

organelles and vesicles transport (Heath, 1988; Kaminsky;j
et al. 1989; McKerracher & Heath, 1987; Gooday 1995).

The actin patches along the peripheral region of
the hyphae ensure, possibly the hyphal branching which
may require the formation of an actin cap in the new hyphae.
The peripheral location of actin patches also suggest that
they provide contacts between cell wall, plasmalemma, thus
serving as anchoring sites for a meshwork of cytoskeletal
elements envolved in cytoplasmic migration and contraction
(Hoch & Staples, 1983; Heath, 1987; McKerrather & Heath,
1986; Kaminskyj & Heath, 1996). By visual inspection it
was clear that the number of actin patches and plaques
varied somewhat among the species studied. The actin
distribution pattern was somewhat different in organisms
analized.

Mulholland et al. (1994) proposed that, in yeasts,
the actin cytoskeleton present in cell under dense patche-
like structures probably was involved in the wall growth
and osmotic regulation.

In fungi the link between actin filaments and
vesicular migration was demonstrated by using detergent
treatment of cells. The treatment inhibited the migration of
vesicules of subapical to apical region through the actin
despolimerization (Heath, 1988).

Heath (1995) suggested the close assotiation bet-
ween hyphal growth and cytoskeleton elements. The
distribution of actin with that of mitrotubules in hyphal
tips of filamentous fungi has lead to the assumption that
microfilaments might function in the compartimentalization
and transport of cytoplasmic constituents during cell
growth.

Technical and manual procedures used in the
preparation of samples for the fluorescent light microscopy
induce a high instability in the actin microfilaments of apical
region. In this way, the hyphae may be manipulated only

the necessary and the mycelia may be mantained wet during
the preparation (Heath. 1987, 1988; Roberson, 1992).

The use of cytochemical probes has been required
for the in situ identification and localization of cytoskeleton
components. The visualization of various actin forms may
reflect the multiple functions of this protein and/or forms
its regulation during hyphal growth.

CONCLUSIONS

This study is the first report of actin cytoskeleton
in hyphal cells of Absidia cylindrospora, Gongronella
butleri and Mucor javanicus, three zygomycetous fungi
and revealed the actin structure, distribution and cell
localization.

The light microscopic results presented in this
study reveal that actin is arranged in different forms in all
species studied: 1) individual plaques, patches and spots;
2) coarse fibers; 3) thin filaments and 4) amorphous
cytoplasmic actin. Indeed, the actin localization varied
according to the species.

The results obtained in this study are used as a
basis to identify the specific actin functions in the species
studied, which are under investigation. and will serve as a
basis for further experimental investigations intended to
clarify the function of the actin in apical growth and
organelles movement necessary for tip hyphal extension
in Zygomycetes fungi.
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Figure 1. Fluorescence control. Gongronella butleri. 1.000 X.. Fig. 2. Absidia cylindrospora. Actin patches (*), and
bands in septa region (arrow) and a amorphous form in hyphae (¢). 1.000 X. Fig. 3. Absidia cylindrospora, Bright
fluorescent patches and glomerules in central region of hyphae (arrow). 1.000 X. Fig. 4. Gongronella butleri. Actin
labeling in forms of fibers along the cell wall (arrow), hyphal extensions (arrow head); transversal cross-bands arrangements
in septa region an hyphal branching (thin arrow). Note the absence of fluorescence in apical region. 1.000 X. Fig. 5.
Gongronella butleri. Actin staining in hyphae branching region (arrowhead) and amorphous diffuse form in cytoplasmic
region (*). Intense fluorescence as actin patches (arrow). 2.000 X. Fig. 6. Gongronella butleri. A close association
between coarse actin fibers, filaments and patches at periphery of hyphae (arrows). 2.000 X. Fig. 7. Mucor javanicus.
Diffuse amorphous fluorescence staining through the cytoplasmic region (arrow) and under the form of thin filaments at
the hyphae periphery(*). Fluorescent 1.000 X. Fig. 8. Mucor javanicus. Bright fluorescent spots at the hyphae periphery
(arrow) and thin filaments in branching region (arrowhead). Amorphous fluorescence (*) and actin patches associated to
filaments (¢). 1.000 X.
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