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SUMl\1ARY 

The distribution 0/1(1 localization o/actin in 
hyphae o/zygoll/ycetous jill1gi lIIere exall/ined by F1TC
phalloidin staining o/ para/or/JIaldehyde jixed cells by 
using jluorescent light II/icroscopl'. 7'l1e cytochel1lisll y 
stuc!l' using Absidia cylil1drospora, GOl1gronella butleri 
ond .Mucol'javal1icus rel'ealed Ihal Ihe dislribution and 
localizalion of actin in /JIycelia 1J1ere undel' dUTerent 
patterns and arrangell/ents such as jilall/ents, po/ches, 
peripheral plaques 01' spols and granules 1I'ilh pre1'OIence 
o/ parches. Actin patches ocurred fhroughoul the 
peripheral cytoplas/JI. Actin .Iibers orienteel parallel lo 
the long axis 1J1ere observed and associafions between 
patches andfibers were \'isualized .el di/!úse all/orphous 
cytoplasll/ staining lilas \'isualized in cenlral region (~/ 
cyloplasm. Acfin slaining in h)phae tips was observal 
on~y in Jl,1ucor javaniclIs, This di[/erentialion in actin 
arrangement could be relateel lo the di[ferences in Ihe 
expansion zones ofthe cel11mll o(rungalspecies studiee/. 

INTRODUCTION 

Zygomycctes are of great interest for the industry 
and economy due ,to its involvement in the process of 
biodegraclation, biodeterioration ancl in the secretion of 
seconclmy metabolites (Dube, 1978; TOlllbs & Blake, 1982; 
Endo et al., 1985; Trudel & Asselin , 1990; Certik el al., 
1997). 

In human medicine zygomyce tes species }ue 
considerecl opportunistic pathogens to illlllll'1l0-

RESUMEN 

Aledian/e estudios de lIIicroscopia óptica de fluo
rescencia se describe y caracteriza la estruclUra, dislri
bución y localización de la actina, en tres especies de 
hongos de la clase Zygolllycetes: Absidia cylil/drospora, 
GOl/gronel/a butleri y Jl,1l1cor javlIl/icus. La estruclura de 
la aClina/ué analizada utilizándose el marcador F1TC
Phalloidina, e,lpecíjico para aefina, en JlllI eslras.fijadas 
conforlllaldehido. En los resultados se observan diferen
cias en la estruclura. distribución y localización de esta 
proleina en las especies analizadas. Fi 10111 en tos, aglollle
rados, placas o aglolllerados peri/éricos y gránulos, /ite
ron lasformas lIIás comunes encontradas en los hongos. 
con prevalencia de los aglolllerados observados en lodo 
lo citoplasma de las hi/ás. La tinció}'} de aclina en los 
ápices de las hilas, solo se observó en Jl,fllcorjllvllniclIs, 
esla diferencia en la eslruClllra de la actina podria estar 
asociada a zonas de expansión de la pared celular de los 
hongos. 

cOl11prol11ised hos!. However, many zygomicosis cases are 
describecl in apparently healthy indivicluals . Clínical 
l11anifestations of zygomicosis inclucling rhinocerebral , 
gastfic, pulmonar, sino-orbital, cutaneous ancl systemic 
(Bittencourt el 01., 1980; Lehrer el 01. ,1980; Levy el al. , 
1986; Espinel-IngrolI el al. , 1987: Walsh el al. , 1994; 
Attapattu, 1995; Kimuraetal., 1995; Weitzmanelal. , 1995; 

West el al., 1995; Schipper el 01., 1996; Mítchell et al., 

1996). 

1 t is now \Vel! established that most animal cells con-
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tain ordered arrays of three l~lajor fiber systems: micro
tubules, microfilaments and intennediatefilaments, whích 
correspond to the celI cytoskeleton. Their organization in 
different celI types has been extensively studied. These 
systems are involved in many diverse functions incIuding 
developement and control of cel! morphology and polarity, 
adhesion, membrane stability, organelle movements, ce11ular 
division and growth (Schliwa & Blerkom, 1981 ; Hitt & 
L1Ula, 1994). 

Previous experimental data suggest that the action 
of cytoskeleton may be fundamentaIly involved in hyphal 
growth, morphogenesis and migration of cytoplasmic 
elements of fungal ceIl (Howard & Raist, 1980; Hoch & 
Staples, 1983; Anderson & So11, 1986; Heath, 1987, 1988, 
1990; Butt & Heath, 1988; Salo et al., 1989; Bartinicki-Garcia 
et al., 1990; Jackson&Heath, 1990; Temperlietal., 1990; 
Roberson, 1992). 

Al though the presence of actin and tubulin in flmgal 
hyphae is not questioned, its spatial organization in most 
fungal species remain uncertain. Indeed, in spite of 
zygomycetes imporlance, studies on their basic biology 
are scarse (Butt & Heath, 1988), mainly those concerning 
to cytoskeleton elements structure, distribution alld 
functions . It is therefore of considerable interest to 
investigale the cytoskeleton in these orgal1isms. 

It was the aim of this investigation to identify and 
describe the distribution, stmcture and localization of actin 
cytoskeleton in hYVha1 ce11s of Absit/ia cy[illt/rospora, 
GOl1grollella bulleri and .Mucor}avauiclIs as detected by 
fluorescence optical microscopy by using phalloidin 
coupled to fluorescein isothyiocianate. PhaIloidin is a 
fungal toxin oblained from Amauita plwlloides 
(Basidioll1ycetes), which has a specific affinity for actill. 

MATERIALS AND METHODS 

Ol'ganisll1s and Cultul'es 
Absidia cylimfrospora 3351 Hagem, Gougronel/a 

bufferi 2151(Lender)Peyronel &Dal \hIsco andMucorjava
lIicus 1989 Whemer. The isolates were obtained from De
partamento de Micologia da Universidade Federal de Per
nambuco, Brasil. Stock cultures were manteined in PDA 
(Potalo Dext. Agar) medium, wherein the organisms exlü
bited the maAil.num gro",th, aIlCI ",ere incubated at 260 e. 

The mycctja of Absidia cylilldrospora 3351, Gon
gronel/a bufferi 2 h:i 1 and ]I-[ucor }avanicus 1989 were 
grown in liquid synlh~lic medium for mucoralean (SMM), 
described by HesseltiJlf: & Anderson (1957), modified by 
Campos-Takaki (1 984). The organisms were grownduring 
3 days at 26°C in él recipr0cal shaker (200Hz). 
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Fluorescence 0l)tical Microscopy 
ColIected samples were washed in phosphate

buffered saline (PBS) at pH 7,2 andfixed by immersion in 
4% fonnaldehyde , prepared from parafonnaldehyde 
granules, in PBS at pH 7,2 for 30 minutes at room tempe
rature. Samples ",ere rinsed in three 10 minutes changes 
each being PBS at pH 7,2. At this point, samples ",ere 
attached to polyL-lysine-coated slides "vithou~ air drying. 

Fixed hyphal cells were incubated for 20 minutes in 
0,1 % triton X-lOO in PBS to partiaIly solubilized plasma 
membrane. Afier a brief wash in PBS, samples were 
incubatedfor 10 minutés in PBS-BSA (0,1% (p/v) bovine 
senllu albmuin). 

Sal11ples were incubated in fluorescein isothio
cyanate (FITC)-conjugated phalloidin diluted 1: 100 in PBS, 
over-night at 4 De. Afier rinse in PBS, samples were mounted 
in 90% glycerol: 10% carbonate bicarbonate buffer (O, 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 aclin 
in formaldehyde-fixed hyphal cells of Absidia 
cylil1lfrospora, GOl1grol1ella bulferi andMucorjaval1icus 
resulted in highly reproducible fluorescent images. 

The sites ofFITC-phaIloidin labeling appeared as 
brightly fluorescent individual plaques or spots, coarse 
longitudinal fibers, patohes arid diffi.lse and amorphous 
cytoplasrnic staining in the organisms studied. 

The experimental fluorescence control 1l0t 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 
staiIüng. 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 cylil1t1rospora (Fi
gure 3). 

In GOl1gronella bufferi transverse cross-bands with 
fluorescence staining were observed in sephllll region and 
h)l)hae branching. Actin coarse fibers and actin filaments 
",ere als9 seen in hyphae cytoplasm (Figure 4). 

Jntense actin fluorescence staining in the fonn of 



patches . plaques ancl granules \Vas visllali zed in 
GOllgronella hu/lcri. An amorpholls diIJuse actin slaining 
\Vas observecl in cenl mi cyloplaslllic region (Figure 5). 

Al 1 he peri phery of 1 he hyphae. coarse acl in fíbers 
ane!.fílalllents in close associéll ion \\i 1 h peripheral palches 
could be observecl (Figure 6). 

Aclin flllorescence stai¡ung diffllse alllorpholls \Vas 
observeclthrough hyphae cytoplasll1 01' Mucor.iawllliclIs. 
The organisl11 presenled actin in the fonn ofthin filalllenls 
(Figure 7). 

Brighl fluorescenl SpOlS in hyphae periphery. an 
alllorphous Dllorescenl slai¡u ng and lhin filalllents staini ng 
in branching region ,\'ere aIso observed in 1Iluco/' 
jal'allicus. Aclin.fílall1enlS ancl palches associ iltions were 
also seen in a branching region oflhe hyphae (Figure 8) . 

Actin fibers and filamenlous arrangemenl wilh high 
flllorescenl slaining orienlecl parallel lo lhe longiludinal 
axis 01' cel! \Val! \\'ere observed in all species (Fig1ll'es 2-~::) . 

In hyphae examined Ihe mosl obvious Íorlll ofactin 
labeling was visllalized as individual palches. 

DJSCUSSION 

FIllorescence l11icroscopy by llsing FITC-phalloidin 
had pro\ided a more complele "ien' 01' lhe aclin 
cyloskelelon in many ceJl lypes. Unlil 1983 lhe aclin ",as 
nol demonslraled in filalllenlolls fungi lhrough lighl 
ll1icroscopy. Since Ihen l11any researchers ha\'e declicalecl 
Iheir atlenlion lo characlerize Ihe aclin c~'toskeleton in 
fllngal ceH and lhe resulls shO\\'ecl a great \ariabilily reIatccl 
lO slruclure ancl dislribution in the speeies slucliecl (Hoch 
& Staples. 1983). 

Acl i n in lllycelial fllllgi has been del110Slralee!1110stly 
il1 sitll by il11l11unological ane! C}IOchemical lllelhods 
lhrough eleclron ancl oplical ll1ieroscopy ( Healh. 1987: 
Hoch & Slaples, 1983: Runenberg & Rauclaskoski . 1986) 

The lighl Illicroscopic resulls presenlee! in lhis 
sludy re\'eal lhal aclin is arranged in differenl [01'1115 in all 
species sludicci: l. individual plaques. palches ancl spols: 
2. coarse ribers: 3. lhin filalllenls arid .J.. all10rphOlls 
cytoplasll1ic aet in. 

These general observalions were similar to IJre"iolls 
lighl ll1icroscopic i ll\ 'esligations of hyphae ceIls llsing 
fllloreseenl-Iabeied plwllotoxin. Ho\Ve,·er. actin bincling
proleins mily influence lhe properties ofactin arrangement 
and lhe obser\'alion 01' dirferenl p,llterns 01' ,lclin 
clislribulion. localizalion and forlllS coulcl be relaled lo litis 
prolein aClivily (Heath, 1987). 

The aclin dislribulion and struclure in hyphal eeHs 
Illay vary among differenl fungi classes. In OOIll)'cele 
Saprolegl1iaferax (Healh. 1987: Healh. J 988: Jackson & 
Henlh. J 99()) ancl cluring ureclospores gerlllinalion 01' lhe 
h,lsicliomycete Urol11,1'ccs "Iwscoli (Hoc\¡ & SlnpIes. 1983). 
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long filal11enls were hOl11ogeneously dislribulecl. 
On lhe olher hand, lhe hyphae ofvarious basiclio

I11}CelOuS fllngi aclin ",as moslly preservecl in lhe fOrIn of 
granules (Salo el al .. 1989) 

Temperli el al. , (l990) clescribe slrtlclural arrange
lllenl ofaclin SllCÍl as globular. smail gnl/lllles anci ",ili! a 
high fluorescente inlensily. 

In Nellrospo/'{l crassfI (Ascol11)'celes) acti n slai ni ng 
in apical region was observecl as cap arrangement ancl in 
subapicai region lhe aclin was in Ihe form ofbright spolS 
along lhe h)1)hal axis (Béll:ia el al. , 199 1) 

Roberson (1992) relalecl lhe presence of aclin in 
Sclerotilll11 ro(lsii, in lhis fungi. aclin ""15 in lhe forlll of 
nllorescenl palches. longiludinal fibers. subélpical-cross 
bancls ancl diffuse. al11orphous c}loplasl11ic aclin. In Ihe 
apical region lhe aclin mIs observee! in Ihe fOrIn of indivi
clual palches. 

GOIIgrollclla butleri \Vas lhe species wilh lhe 
highesl Jluorescenl slaining and prcsenlecl lhe aclin in 
dirferenl arrangel11enls. fibers. palches. fílalllenls. plélques, 
spOlS ancl alllorphous [onns " 'ere observed. A paltern si
mi lar to Sclerotiul1/ ro¡f.~ii. lncleecl. lhe species exhibitecl 
eoarse assoeialiolls bel",cen aelin fibers and palches. Acli Ji 

slaining was observed in regions of septa ancl branching 
oflhe lllycelia . 

1n Mllcorjaval/icus cyloplasl11ic staining localee! 
in hyphal tips as éllnorpholls cap arrangel11enl ",ilh high 
fluorescence ,\'as observee!. Aetin fibers ane! plaques along 
1 he longitudinal axis of lhe hnjhae ",ere obse¡yed , whieh 
possibly corresponcl lo the zones of\\'all expansiono 

A hsidia c.l'/illdrospo/'a exhibited aetin plaques in 
cyloplDSlllic region ",ilh high fluorescent staining ami 
plaques in rcgions o[ branching ,lnd sepia 01' lhe hyphae 
wilh ,\'eak stain!ng. 

The resulls sho",ed in this \\'ork suggest lhe cxis
lence 01' a greal cli\'ersity in slructllre ancl clislriblllion of 
aclin cytoskelelon in Zygom~·cctcs. The aclin cyloskelelon 
lhere[ore l11ay be assosialecl \\'ilh di rferenl funcliolls in lhe 
spec¡cs slllclied . 

Ncozygitc sp. (Z~'g()mycctcs) shO\\' aclin lllicro
filalllents onl)' cluring the seplal developlllent. inclllding 
spots. plaques and globulélr aclin arrangelllent in apical 
and subapical regions (Bult & Heal h. 198X). 

Iloch & SUlples. (1983) sho\\ed lhal aclin slruclllrc 
is relaled lo ils ligaliü 11 lo intraceliular slruclllres as 
obsel'\ 'ecl in Urol11.1'ces p/¡ascoli.wherein il ",as possible 
10 clelllonslrale lhal aClin plaques in hyphae perifer)' co
rresponded lo aclin filalllenls allachecl lo filassomes by 
llsing lighllllieroscopy anel «[reeze-fraclurc». 

The associalion between aclin and cell wall is rela
leel lo siles of cell \Vall fonnalion a nd exlension ane! sllggesl 
its in\'olvemc,,! in processesors\'llthesis clllelllloclification 
ofcell \Val!. ACli1l filalll ents are thOllght lO be ill\ 'oivecl in 
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organeIles and vesicles transport (Heath, 1988; KaminskY.i 
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 reqlúre theformation ofan actin cap in the new hyphae. 
The peripherai location of actin patches also suggest that 
they provide contacts between ceIl waH, plasmalenuna, lhus 
serving as anchoring sites for a meshwork of cytoskeletal 
ele1l1ents 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 strnctures probably ",as involved in the wall growth 
and oS1l10tic regulation. 

In fungi the link between actin filaments and 
vesicular migration was dell10nstrated 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 
distriblltion of actin with that ,of mitrotubules in hyphal 
tips offilamentolls flll1gi has lead to the assu}nption that 
microfilaments ll1ight function in the compartimentalization 
and transport of cytoplasmic constituents during cell 
gro",th . 

Technical and manual procedures used in the 
preparation of samples for the fluorescent light 1l1icroscopy 
induce a high instability in the actin microfilaments of apical 
region. In this way, the hyphae ll1ay be manipulated only 

the necesSaI)' and the mycelia may be ll1aIltained ",et during 
the preparation (Heath. 1987, 1988; Roberson, 1992). 

The use of cytochemical probes has been required 
for the in silll identification and localization of C)10skeleton 
components. The visllalization ofvariolls actin forms 1l1ay 
reflect the mllltiple functions ofthis protein ancl/or forll1s 
its regulation during hyphal growth. 

CONCLUSIONS 

This study is the first report of actin c)10skeleton 
in hyphal cells of Absidia cylindrospora, Gongronella 
bulleri and Mucor.iavanicus, tluee zygomycetolls 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 ancl spots; 
2) coarse fibers ; 3) thin filall1ents al1cl 4) amorpholls 
cytoplasmic actin. Incleecl, the actin localization variecl 
accorcling to the species. 

The reslllts obtainecl in this sti.Jdy are usecl as a 
basis to identify the specific actin fl.ll1ctions in the species 
stllcliecl, which are lUlder investigation. and ",ill serve as a 
basis for fmther experimental investigations intenclecl to . 
clarify the function of the actin in apical growth and 
organelles movement necessar)'. for tip hyphal extensioll 
in Zygomycctcs flmgi. 
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Figure l . Fluorescence control. Gongronella buileri. 1.000 X .. Fig. 2. Absidia eylindrospora. Actin patches (*), and 

bands in septa region (arrow) and a amorphous form in hyphae (.) . 1.000 X. Fig. 3. Absidia eylilldrospora, Bríght 
fluorescent patches and glomemles in central regíon of hyphae (arrow) . 1.000 X. Fig. 4. GOllgrollelLa hufleri. Actin 
labeling infomlS of fibers along the ceH waH (arrow), hyphal e:-..1ensíons (arrow head); transversal cross-bands arrangements 
in septa region an hyphal branchíng (thin arrow). Note the absence offluorescence in apical region. 1.000 X. Fig. 5. 
GOllgronella butleri. Actill staining in hyphae branching regíon (arrowhead) and amorphous diffuse fOfm in cytoplasmic 
regíon (*). Intense fluorescence as actín patches (arrow). 2.000 X. Fig. 6. GOllgrollella hufleri. A close association 
between coarse actin fibers , filaments and patches at periphery of hyphae (arrows) . 2.000 X. Fig. 7. Mueor javal1ieus. 
Diffuse amorphous fluorescence staining through the cytoplasmic region (arrow) and under the form ofthin filaments al 
the hyphae periphery(*). Fluorescent 1.000 X. Fig. 8. Mueor jawmieus, Bríght fluorescent spots al the hyphae periphery 
(arro\\') and thin filaments in branching regíon (arrowhead). Amorphous fluorescence (*) and actin patches associated to 

filaments (.). 1.000 X. 
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