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TRAI{SMISSIOI{ ELECTRON MICROSCOPE STUDIES OF SCLEROTI
OF SCLERAIINIA SCLEROTIORUM (LIB.) DE BARY

Buddy Dant Kosaslh '

R I I ' I G 1 < A S A N

Penganatet jorun, penyebab penAakit twn-
buho, Seleroti.ni.a eclerctionnn (Lib,) de BayV
dengan nenggrmakm nri.kroskop elektTon telah
dikerjakor dalan Laporot ini, temft@na sekd.Li
mengenai eklerotiun gang tetah nosak Aqng ter-
dnri dar"t bebetqa nacan ael gong benbeda-
beda. Bagian Luat sekali gang nenrpakan kulit
doi pada ekletptiwn disebut ttr.Lnd", terdiri
dari sel-sel yang berdinding tebal, kaku,
kosong d.ot banyak nenet"i.na elektton ( electton-
dense Layer). Maccin dinding sel tez'sebut tidak
terdcpat pada dindi.ng-dinding ael bagim Lain-
rya. Sedangkmt bagian dalamya y6ltg disebut
"nedullug hyphaet' sel,alu dieelubungi, oleh
LapiBdL tebat dot keryal yang dieebut "mtei-
Laginous eheathtt. Sel-eel tersebut nengandung
bezbagai bagi.an sepetti inti, nitokondria,
benda-benda lanak, benda-benda hloroni.n, plas-
na-dalot yang dikelnHngi oleh dinding plasna
(plasnalennd, netikultn plasna-dalon dan Lo-
naaon, sepe"ti pada sel-sbl, AaconAcetes Lain-
naa.

A B S T R A C T

The ulttl,etmtcture of cella of the scle-
rotia of Selerotinia eclerotion)n (Lib.) de
Barv uaa eTiddf-Ty---71-E6f,6ilEroscopa. A
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matu.1,e scLerotiun of S, acLe?otio?"m eontains
seDeval tApes of differenti.ated cells, The
thick-ualLen rind ceLl.s uhich compLise the
sclez,otial enueLope axe enptV and haue a rough
outez, electron-dense Laney' dhich is absent
fron the other uaLls. 

-A 
rrueilaginous sheath

uas obse?L,ed around nedullaz,y hgphae and the
ceLL contains cottpri;e typieal necLei, nito-
ehondria, Lipid bodies, I'loronin bodies, endo-
pLasn uith a sutt ounding plasnalemna and a
soaz,se endoolasnie reticulun ctttd Lonasones,

INTRODUCTION

ScLerotinia scleTotionnn (Ltb.) de Bary, ls .a planr pa-
thogen causlng serious losses in many agrlcultural crops both
in storage and ln the fle1d. It belongs to the Ascomycetes
and norroally produce sclerotla at some tlBe ln lts l l fe hlsto-
ry. it has also a closa-wall consistlnS of a slople plate
r' lth a central pore, a charactelistlc nhlch holds also for
Deuteromycetes lrlth ascomycetous af f init les.

Calonge (1968) observed the ultlastructure of lntrahyphal
hyphae ln Sclerotinia fructigeaa. He also descrlbed the Eu1-
tlveslcula! bodies in the sane fungus, together vlth Fieldtng
and Byrde (1969) .

The ultlastructure of the stroma of the bronn rot f(mgl,
has also been done ln detail by Wtlletts and Calonge (1969).
ltoreover, che fln€ structure of sclerotla ln several fungl
h.ave also been reported by several authors (Nadakavukaren,
1963;  Chet  e t  a l . ,  1969;  Na l r  e t  a l . ,  1969;  Brown and Wy1 l te ,
197O; Wy1lie and Brown, 1970).

Jones, in 1970 exarnlned the rrltrastructure of sclerotla
of Sclerotiaia sclerotiontn, The results sho!.ed that the rlnd
nalls of the sclerotia have a rough outer electron-dense layer
rrhlch is absent fron the other valls, and the pseudoparenchyn-
atous talls posses a relatlvely thin-electlon-dense inner wal1
snrrounded by a substantlally thicker outer electron-transpar-
ent layer.

Maxwel l  e t  a l .  (1972)  have a lso  s tud led  the  s t ruc tu re  o f
Sclerotinta scLerotiorvtn, on the posslble relationships of
microbodies and nultivesicular bodles to oxalate, endopolyga-
lac tu ronase,  and ce11u1ase (cx)  p roduc t lon .

In  1970,  Ca longe s tud led  the  u l t ras t ruc tu re  o f  the  mic ro-
cqridi(Jm and strona it Sclerotinia scle|otiom.u. The leFults
shGred tlret Elcroconidia posses large nucleus and large 1lpid
body, a fen rnltochondria and sparse endoplasrnic reticulum,
vhereas stronatal hyphae as food reserve. Moreover, Arlnura
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and Kihara (1968) have also reported the ultrastructure of
this frmgus. l lqnever, a detall lnfonnatlon fot thls frmgus ls
sti1l need, so i lr this paper, the ultrastructure of the mature
sclerotium of SeLerotinia sclerotiontn nas reported.

MATERIAIS AND UETRODS

' lhe cultule of Sclerotinia sclevotiorwn used lD thls
study vas originally isolated from dlseased fren ch be€oa. It
l 'as grown in Petrl dishes, each contalning potato dextrose
agar nedluo.

The lnoculated agar plate€ l l€re lncubated ac 18 - 20 C
and the sclerotia nhlch were produced, ! 'ere collected for ob-
servations.

Sanple sclerotla were fixed by tvo nethods:

( t )  62  Glu tara ldehyde (Sabat in l ,  e t  a l . ,  1963;  Ca lonSe e t  a l . ,
1969)  tn  0 .1 I , t  phosphate  bu f fe r  (pH 7 ,2)  fo r  24  h .  a t  4 'C  fo1-
loved by thorough washlng in the sare buffer solutlon, ad
post-fixatlon lo. 27" OsOO (ln the sane buffer) for 4 h. at 4'C.

(l l) 2"1 reefi L trnbuffered (Calonge et a1., 1969) for 30 EID at
roon teutpelacure, folloved by vashlng 1n dlstl l led t atet ao.d
staining ln 0,5U aqueous uranyl acecate for 3 days at rooD
tenpe la tu re  (Hess ,  1955) ,

The Eaterlal vas dehydrated h a graded etharol serlea
(502 ethanol plus 0.12 NaCl, 702 ethanol, 952 etharol, 1002
ethanol, for 15 ulnutes each and then 1002 ethanol for 30 ofu--
utes) and enbedded ln Araldlte nlxture (Calonge et a1., 19691 .

Sectloos, 60 - 100 nU thick, !.ere cut on sn LKB ultratoue
and stalned lJlth lead c1lrate (lrercer and Blrbeck, 1951;
Reynold, 1963; Juptter et al,, 1970); obsqlvaticns trere then
Dade with a Phtlips Electron Microscope 300.

RES ULTS

In  most  lns tances ,  the  r ind  ce11s  o f  S .  se le to t io tum t ,e te
empty or hlghly vacuolated. Theit wa1ls vere not abviously
th icker  (0 .25  U) . than those o f  the  cor t i ca l  hyphae,  bu t  the
peripheral cells had a thick (1 U) electlon-dense layer out-
s ide  the  ce l l  wa l l  (F ig .  1 )  and on  the  ou ter  sc le ro t ia l  sur -
face the layer vas rldges and itregular ln appearance. glso,
there  were  d isc re te  e lec t ron-dense areas  be tween lhe  o ther
r ind  ce l1s .  Probab ly  these e lec t ron-dense areas  cor responded
to the regions in vhlch melanin pigment had accunulated over
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r  1 9 ,  r . Electron ft lcloglaph of the r ind ce1ls of S, sclev'ot i-

onnn sholtInl a thlck electron-dense layer outside the

ce l l  wa l l  o f  t he  r l nd .
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Flg. 2. LongttudLnal sectlon
rotionn showing the

-'' 'Pi*"'

of medu1lary hyphae of S, scle-
Crogs-tt&l1.



and bet\^ 'een the cel ls and selved a protective function. In-
t e r ce l l u l a r  p i gmeDta t i oo  vas  oo t  appa ren t  i n  t he  co r tex  o r
nedulla. L'hen nature sclerot ia vere dr1ed, the peri?heral
ce l l s  usua l l y  r up tu red  aDd  th i s  l r as  p l obab l y  assoc la ted  n l t h
the lack of val l- thickening, the bri t t leness of the wal1s arrd/
o r  t he  abseoce  o f  ce l l  con ten t s .

The cort ical and hedullary hyphae had ce11 wal1s approxi-
ma te l y  0 .36  u  t h i ck ;  occas ioaa l l y  wa1 l s  o f  0 .43  l r  t h i ckness
were observed. There were no obvlous layer ln the lateral
wa l l s .  The  c ross  wa11s  we re  t v i ce  as  t h i ck  (0 .72  U )  as  t he
lateral lral1s but beclne l . larroirer towards the si.nple septal
po res  (F igs .  2  and  3 ) .  Th ree  l aye rs  we re  d l s t i ngu l shab le .  i n
the septutr l ;  a cential e 1e ct ron-t lanspar ent layer separatlnB
tlro electron-dense layers, slni lar to that of the lateral
u a l  l s  ( F i g ,  J ) .

The cort ical aod nedullary hyphae r.rere simllar ln f tost
respects except that the forner rnere rnore closel l , /  interwoven
and  i n  t h i s  i nves t i ga t i on  t he i r  f i xa t i on  r , r i t h  po tass lum pe r -
nanganate \ras poor. Thus, i t  was dj. f f icult  to dlst lnguish
rebbrane systems ln th€D. In the hedullary cel ls the cyco-
plasoic rneurbr ane (plasrnalenna) vas snooth, ln close contact
w l t h  t he  ce l1  wa l l  ( f i g .  4 ) ,  and  con t l nuous  f r om ce l l  t o  ce l l
through the septal pore. Numerous investi .gations of the plas-
ma leuuia were obselved and these uere thought to be lomaso@s
(fig. 5). They varied id dlsrr ibutlon and appearance; soloe

were granula! and others contained sslal1 vesicle-l ike struc-
tures, The Eexnblane forning the endoplasrnlc ret lculun uas not
a6 thick as the p lasDa lerntna and appeared as t!,/o electlqn-dense
layers separated by a lr ide e 1e ctr on-transp arent laye!. The
endoplasmic ret iculurn lras irregularly dlstr ibuted ln the
c e l l s .

ln some of the medullary hyphae i t  was dif f lcult  to f ind
nuc le l  and  none  ve re  pos i t i ve l v  i den t i f i ed  i n  co r t l ca l  ce l1s .
Each nucleus obselved in the medulla vas surrounded by a
clearly defined double menbrane lrhich nas perforated by poies.
The nucleoplasm vas f, inely granulated and \r i th a dalkly staln-
i ng  nuc leo lus  (F ig .  4 ) ,

No nitochondrir l rere dist inguished tn cort lcal hyphae un-
de r  t he  e lec t ron  n i c r : oscope  due  t o  poo r  pe rnangana te  f l xa t i on ,
but sone were seen ln the medulla although they vere often
d i f f i cu l t  t o  i den t j f y .  The  n i t ochond r l a  ve re  usua l l y  c i r cu la r
o r  b road l y  e l l i p t i ca l  (F ig .  6 )  and  va r i ed  g rea t l y  l n  s l ze
( 0 . 9 6  -  1 . 6 5  y  x  2 , 5 2  -  3 . 0 9  ! )  a n d  d i s t r i b u r l o n .

When the sclerot ia had been f ixed with glutalaldehyde aird
osm iu rn  t e t rox ide  t he  co r t i ca l  hyphae  we re  f ound  to  be  ve ry
ve11-stocked vith large electron-dense bodles. Thesi: have
been  i n te rp re ted  as  be ing  l i p i d  d rop le t s  and  p robab l y  se i ve  as
rese rve  ma te r i . a l s .  l n  sone  o f  t he  l i p i d  bod ies  t he re  ! , r e re
ve ry  da rk  a reas  (osm ioph i l i c  g l obu les )  wh i ch  ne re  oo t  i den t i -
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Flg. 3. Longltudlnal sect lon
lotiotton showlng a
nln bodies near the

of nedullary hyphae of S. scle-
per:forated septum aod three woro-
septa l  pore .



F ig . Section of part ot a pseudopareochyrnatous hyPha show-

ing  t he  nuc leus .
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FIg .  5 .  U l t ra th ln  sec t  ion
loDasones.

through the ctoss-walf shovlng the
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Ft8. 6. Sectlon of peeudoparenchyuacous hyPha shor.lng olto-
chond!1a.
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fled. Possibly they i^rere l lpld droplets ln the process of
hydrolysis. Tte dlstributlon of ltpld bodies ln the uedullary
cells waa rmeven vlth sone cel1s alnost f i l led lrtth th€o (Ftg.
7 )  and o thers  v l thout  any ,

It was dlff lcult to ldeotlfy vacuoles vlth any degree of
certalnty. But sone of the sclerotlal hyphae appear to con-
taln vacuoles, each one surrounded by a sLngle nenbrane a'rd
i. l.th electron-dense areas of cytoplasrn between the vacuolea.
Ho{ever, the resolution of the Eeobranes ln the oaterlsl exac-
lned dld not perBlt a slore deflnlte ldentif icatlon.

ln bany sectlc,ns, ce1l 1nc1!6lons, \rhLch lrere electroD-
deDge erd r0eDbrane-bormd, were observed near septal pores.
These atructures, afte! f lxatlon l{lth osmlun tetroxlde or glu-.
taraldehyde and oslduD tetroxlde, r^'ere the satDe electr@ deD-
81ty a8 ltptd bodles and were hexagonal tn shape (Flg. 7);
lrhen pota,saiun perDanganate nas used as a flxative, they were
ov41 to spherlcal ln shape and the sane electron deDsity aa
llptd bodiee (Flgs. 2 end 3), They oere alvays found asso-
clated slth the 8epta1 pore, vhlch they appeared to block, aod
!.ere considersbly sualler (0.32 - 0.49 U) than Eoat of the
llpld bodlee (1.80 - 2.88 U) observed. The forner iuclualons
vere 1n ![o6t luatatrcea larger than the pores although several
sE81I onea gere occaslqnglly assoclated r' l th a stngl.e pore.
TtlE had been ahown ln plevlous report (Kosasth, 1975) aDd
these electrolr-denae atructrEes vere probably Woroll iD bodles,
Dd vere dl8tl lgulshed froD 1lpid bodies by rhelr poslrion tn
the cell aod to aor extent, by thelr 9Ea11er alze. ffovever,
thls type of crlterlon does not give a colrcluaLve ldentlf lca-
t 1oo,

E:CI.AI{AT ION OF FIGUP.ES

Abbrevlatlon used

CIl: Cross--qall,
DL: Electron-dense layer of cross-+rall,
EDr Electron-denae area of rlnd eells,
ER: EndoplasElc retlculuD,
CS! Celatl lous eheath,
LB: Llpid body,
Loi LgDaaoDe,
Ll{: Lateral !ra11,.
lE: HesosoDe,
t't1: Ultochondrlon,
N : Nucleua,
P : Septal pore,
PB: Polyhedral body,
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F i g . 7.  U l t ra th in  sec t ion  o f  a
S. sclerotiorwn sli,ovirrg
hedral bodies near the

pseudoparenchynatous hypha of
a perforated septun and poly-

septa l  pore .
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PI{i Plasoa DelibreDe I
T i lernlnal chaDneli
TL: Electron-transparart of cross-lrall,
V i Vacuole,
I,I i Worouin body.

DI S CUS SION

Whetzel (1945) concluded that the sclerotla of S, eclexo-
tionan do not produce oucllage ln the oedulla but ln th16
lnrrestlgatlon a Eucllaginorls sheath rras observed alotmd neddli-
lary hyphae whdt hlstochenlcal technlques vele used (Kosasih
snd Ullfette, rmpubltshed data). The presence of the sheaths
llas conflrred by the electron mlcrgscope studles. ArlDura and
Klhara (1968) have also reported the presence of a sheath of
Ducll-a8e arorsrd sclerottal hyphae of S. eclez,otioz,utn, A1-
though the oucilage ls lnlttally ln the forn of a sheath, lt
oay be produced ln suf{lclent aoounts to ftu the Lnterh}?hal
spacea ao that lt appears as a ouclla8lnons Datrlx ln nhich
the edullary hyphae are ebbedded. I,It l letts (1972) attrlbuted
a Dorphogenetlc frrnctlon co the nucl1age, and probably lt also
contrlbutes to the reslstance of the aclerotlr.D to adverse
envlronrental conditloe such as deslccatlon (wtuetts' 1971).

The lateral walls of oedul1ary hyphae conslsts of a sln-
g1e layer and the crosa va1ls are.perforated by a slople pore,
The pores were often b,locked by snall, neobrane-bound, elec-
tron-dense bodies rrhlch were dlstlnct, f lon the laEg€!, lrreg-
ularly dist!lbuted electron-dense, oenbrane-bound, ltpid
bodle€ obeerved in 6torage hyphae. The forne! vere ptobably
Worc'nin bodleg rrhlch prevent or regulate the free noveDent of
gubgtances betveen the roedullary hyphae. The concluslon that
they are Woronln bodles ls based on thelr slze and position 1n
the cell (Kosasih, 1975). Wotonin bodies are degraded by pep-
gln, and llplds are renoved from tissues by acetone, but no
atteEpt rras Dade to study the effect of pepsin on the bodies
or to use acetone lnstead of alcohol tor the preparatlon of
the fungal matella1 for the electron ltrlcroscope studles
(McKeen, 1971). The large, nuuerous, l ipid globules observed
1n soEe cel1s probably serve as nltrlent leserves,

Vacuoles !,rere not positively identif ied rmder the elec-
tron nlcloscope but they !re!e observed with the l ight nlcr:o-
scope.  Probab ly  they  are  a lso  assoc la ted  w i th  the  s to rage o f
food reserves,

' fhe  presence o f  lonasomes has  a l ready  been observe( l ' i n  a
nrdrber  o f  fung l  (Moore  and McAlear ,  1961;  w i l senach and
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Kesse l ,  1965;  Hendy,  1966;  t lea th  and c reenwood,  1970) .  I t  has
been suggested that lofiasooes have a role in wall synthesis
( B r a c k e r ,  1 9 7 6 ;  W i l t e t t s  a n d  C a l o n g e ,  1 9 6 9 ) .

SotrE trritochondria \rere observed in rnedullary hyphae of
Dat r (e  sc le ro t la  bu t ,  p lobab ly  because o f  poor  f l xa t ion ,  none
eere distingulshable in cortical hyphae. Wong and wil letts
(1974) suggested, fron electrophoretlc studles of the enz)des
a l  d i f fe ren t  sc le ror ia l  s tages ,  tha t  the  g lyco ly t i c -Kreb cyc le
patheay provides energy for the grovth of the hyph ae at rhe
perlphery of the sclerotiun but that the phosphate pentose
patheay is lesponsible for supplying the energy for grorrth
and actlvlty of the inner sclelotlal hyphae. Histocherdcal
observatlons lndicated that succlnlc dehydrogenase i^ras very
active at the periphery but thls was not conflrned by electron
nlcroscopy (Kosasih and Wi1letts, unpubllshed data). The.
snall nruber of t l l tochondrla ldentif ied can be attributed,
partly, to the poor fixation with potassirnn permanganate as
can a lso  the  d l f f i cu l ty  in  de tec t lng  nuc le i ,
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