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The ultrastricture of perithecium, ascus and ascospore development in Cerrfocustes morlifermis was studied and compared with that
af other Ascomycetes. Ascospore formation was preceded by the synthesis of delimiting wall structures. associated with membranes,
These coalesced to form an ascus vesicle surrounding eight nuclel The vesicle wall invaginated to form lobes or saclike structures
enclosing each nucieus: Each young ascospore was paired on ore side with a second ascospore. The walls differentiated to form brim
sppendages at the flattened sides of the paired ascospores. Furthermare, the walls developed into two layered hat-shaped sheaths. A4
third sllanioid wall lawver was formed towards the inside of the sheath apparently by lomasomes from within the ascospore.
Auxiliary cells attached to developing asc and ascospores could hunction in suppiying addibonal wall matenal and nutnents dunng
spore development, The ultrastructure of C. momiiformrs 18 compared with that of C. imtrwta which also has hat-shaped ascospores.

Ceratocustis semsu iy includes Ophiosioma H. & P. Sydow.
Ceratocusiis Ell. & Haist. sensw stricto and  Ceratocpstopsis
Upadh, & Kendr. (De Hoog & Schetfer, 1984: Upadhyay,
1951: Upadhvay & Kendrick 1975: Weijman & De Hoog
1975} These fungi are adapted to dispersal by insecks and
mites (Bridges & Moser, 1986, Upadhvay, 1981; von Arx &
Van der Walk. 1987; Winghield & Marasas, 1980).

Light microscope studies of ascocarp development in
species of Ceritocystis sersw dafe, including the structure of the
perithecium and ascospores, have been conducted {Andrus
1836; Andrus & Hartes. 1933; Bakshi 1951: Dade, 1928,
Ellioet. 1223 ; Gwynne-Vaughan & Broadhead. 1236: Hutchin.
son. 1950: Morgau & Moreay, 1952; Rosinsky, 1981 Sartons,
1927 Taylor-Vine, 19401 [n contrast, uitrastructural investi-
gations have been limited to only a few species, These include
Ophipstomt stenoeeras (Rabak) Melin & Nannt. (Garrison ¢ al.,
1979}, O, uhea 1Buism.) Nannt, (Jeng & Hubbes. 12801 and
U Ambrinta Bl & Halst, (Stiers; 19761 Additional eytological
studids could thus contritute to improving the taxonemyv of
this group.

Some soecies of Cerarausts senel lieo are characterized by
having ascospores with ususual-shaped sheaths, These include
spores. with  inequilateral. needle. hat-shaped. or piilow-
shaped sheaths |Upadhyvay, 19811 The only other simular
ascospore torms are found in certain yeasi genera Bandon
ral, [97: Kurtzman & Abearn. 197c OF the five groups of
ascospare forms that ooour in Cerpbocusing. only species having
nzi-shaped sheaths (O smerutinl ang those with no sneaths
O difmi-and O shenpgeris| have been studied wltracteucturally.

This study was undertaken to compare the development and
shape ot ascospores with hat-shaped sheaths in C monilifornns
{Hedge) C Moreau with those of C. fimbrata.

MATERIALS AND METHODS

An isolate of O monilifsrmiz was obtained From the wood
surface of freshly felled Macarange cavensis (Baill.l Benth, ex
Sim. Matal, South Africa. Cultures were grown on 2% malt
extract agar (20 g Diifco Malt Extract. 20 g Difco Bacto Agar.
1| H,Ou at a constant temperature of 18 °C. under av-light
to promote perithecium formation. Perithecia attached to
small (2xd4x%x8 mm) blocks of agar, were prepared for
electran micrascopy by fixing i &1 m (pH T0) sodium
phosphate-buffered glutaraldehyde (3%) for 3 h at 20°
fallowed by 1h fixatien in similarly-butfered OsO, 1003 %)
The matenal was dehvdrated in a graded ethanol series and
embedded in an epoxy resin (Spurr, 1969 Ultrathin (60 nmi
sections were cut with glass knives, using a LKB [l Ultrotome.
Sections were stained for 20 min with urany| acetate, 10 fun
with lead citrate (Reynolds, 19631 and examined with a Philips
EME00 transmission electron microscope.

RESULTS

Electron micrographs comprising 3 cross section through a
developing perithecium  showed different  developmental
stages of asal and sscospores (Fig 11 Asei appeared sesttersd
throwsheut the perithecium. separated by large electron
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Ascospore development in Ceratocysis momilifornus

transparent areas. These areas contained cell debris. apparently
ansing from degenerating mature asa. Closely packed,
irregularly-shaped cells, probably ascogenous cells and young
asci, were observed adjacent to the perthecum wall and
mature ascospores towards the perithecium centre (Fig. 1)
The asci extend from the base of the perithecium up to the
neck. Asd were riot observed on perithecium walls at the base
of the neck (Fig. 2).

Five stages in ascospore development are described. First
the wvoung ascus contained a single nucleus, abundant
mitochondria and other cellular inclusions (Figs 3, 16 AJ. Next,
nuclear divisions resulted in the formation of individual
ascospore nuciel (Figs 4, 16 B. The third stage was defined by
the occurrence of osmiophilic bodies (Figs 3. 16C) and the
fourth by the synthesis of an electron dense spore delimiting
wall 1Figs 6. 1épi.

Deelimiting walls of ascospores developed adjacent to and
nearly concentric with the ascus wall surrounding most or all
ceflular inclusions and nuclei (Figs 6. 16D). The walls
coalesced and invaginated to enclose each nueleus and other
cellular inclusions forming the individual ascospores (Fig. 7. In
longitudinal section. these walls appeared as sac- or pouch-like
structures surrounding the nucleus of each developing
ascospore. The open ends of these sac-like shructures were
usually tumed towarde one side of the ascus before fnal
ascospore delimitation (Figs 7, 16E, Wall formation was
apparently associated with membranes (Figs 8 16D, but
association with nuclear membranes or endoplasmic reticulum
was not observed. Two membranes were formed. apparently
throuch e nevo synthesis. with an electron dense substance
between them. The formation of the electron dense substance
appeared to occur simultaneousty with the production of the
membranes themselves (Fig. 9.

oo

In transverse section, eight ascospores could be observed in
each ascus. The ascospores were formed in pairs and adhered
to each other at the brm area of the developing wall (Figs 10,
16FL.

The most prominent feature of the fifth stage of ascospore
development, was the differentiation of the delimiting walls
inte a distinctive double-layered sheath, enveloping each
spore (Figs 11 14. 15). Development of the brim of the cheath
was injtiated by the synthesis of thickened highly electron
transparent extensions formed at the edges and base of the
paired ascospores (Figs 11, 16 GL An inner electron transparent
spore wall separated the spore from the surrounding sheath
(Figs 14, 15, 1&6H).

During the fifth stage. unusual auxiliary cells attacked to
the ascus and probably the spore wall (Figs 12, 16 G, Later,
these auxiliary cells separated From the asei and mature
ascospores. The area where the auxiliary cells were connected
te the spore wall was sealed by closure of the epispore (Fig.
3L A Further feature of the fifth developmental stage was the
presence of lomasomes (Figs 14, 15, 16G), that appeared to
coniribute to the formation of the inner walls. After sheath
and wall formation was completed. the asci degenerated (Figs
14. 15} and the paired ascaspores separated (Fig. 15), This left
individual mature ascospores amongst the debns of asd and
within the perithecial cavity, The sequence of developrment of
asei and ascospores in O pondiformns is summarized
diagrammatically in Fig, 18,

DISCUSSION

In C. momifornus young asci appear to be formed from
ascogenous cells forming a lining of developing asa adiacent
to the perithecium wall. Asa do not appear to be formed in

Figs 1-3. Deveisoment. marphology @td ultrastructure of the perthecum and asci in O montiiformis ibar = 1 umi, Fig. 1. Transverss
section through muddle region of the pesthecum. showing develomng, rregulari-shaped asc adizcent to the perithecium wall 2ng
mature asc and ascospores scatfered in the centre. Fig. 2. Transverse secrion through the neck region of the penthecam, Noke lace of
ascl rear the baze of the neck INB) and stenle cushion cells iCor. Fig. 3. First developmental stage represenced by young ascus

contamng nucleus (M) and several mitochendna (M

Figs 4—9. TEM of developing asci and ascospores in C. montiiforms 'bar = 05 umu. Fig. 4. Second developmental stage Ascus
showing two of possible eight nuclei, Fig. 5. Third deveiopmental stage of ascus with osmuophilic bodies. Fig. . Fourth davelopmental
stage of ascus showing symthests of preliminary ascospore delimiting wall surrounding three nuclel and cellular inclusions. Note
coalescing areas of walls armows). Fig. 7. Longrtudinal section of ascus and ascospores showing invaginating walle surmounding nuclel
with sac-like structures torming young ascospores, Fig, 8. De nooo svnihesis or deiimiting wall structures. Note association of the
prefiminary wall with membrares larrpwi. Fig. 9, Advanced stage of defimiting wall and membrane formation: Nate synthesis recions

arrows; in close association with ribosomss (R

Figs 10-15. TEM of developing ascospores (bar = O3 uml. Fig. 10. Trangeerse section of ssous and sscospores showing rour paiss of
wounyg dscospares during Anal stage wall celimitation. Fig. 11. Paired. Youns sscospores closely associated during formation of the brim
of the sheath. Fig. 12, Stenle auxiliary ¢l which possibiv contributés to ascospore wall formation. Mote suxifiary cel! appendages

arrow. Fig, 13. Ascospore separating from steriie quxilary cell appencages. Note wall area tepidpores sealing off the area of sopendage
connenion waraws) Figs 14, Adherdng paired ascospores shawing development of the endospore berween mesospore ang
plasmalemma. Fig, 15, Paired ascosporss separating after ascis deceneration. Note theé prominent fwo-iayered sheath. epispore (EPi and
mesospore (ME and the endospore (EN) or spore wall (L0 = lomasome:
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Fig. 16, Schematic representation of ascus and ascospore development in C. monififormis. A, Young ascus with dividing nucless (N1
B young ascus separating from perithecium wall with dividing nuciei: C. nuclear division campleted and synithesis of osmioohilic wail
matenal commences: D delimiting wall formation associated with membranes: £ ascospore nuclel surrounded by sac-ike defmmiting
walls. observed in longitudinal section: F. pared ascospores with enclosed nuciei: G sterile auxiliary cell conrributing to sscospore
formation H, degenerating ascus and ascospores adhenng to each other, | separating mature ascosnore with distingive three-layered

waki

the neck region where the osticle will develop. Similar
ascogenous cells were also reported for O stensceras (Garrison
¢t gl 1979, although their specinc amangement was not
distussed

4 prominent feature of ascus and ascospere development in
previows ultrasiructursl studies of C. fmbriata (Stiers. 1976),
O stenoeerns (Garrison et al, 1979} and C. ulrn (Jeng & Hubbes,
19831, s in the mechanism of spore delimitation. |n the latter
fungi. the ascospore wall is laid down between a double
delimiting membrane when delimitation commences. A
similar double ascospore delimiting membrane svstem was
not observed in C. moniiiforsms. Ascospore delimitation in
C. mowilifarmis is apparently achieved by wall structures and
not memoranes. Although these independentlv formed wails
are associated with membranes: a separate double delimiting
memorane sysiem wias never observed,

It has been suggested that delimiting membranes onginate
from the endoplesmic reficulum. nuclear envelope Beckeit &
Crawford, 1970 Carroil 1967) or the plasmaiemma (Bandoni
et al. 19277 of the ascue, The delimiting wall sruchares in
o mgmiiformeis. hawever, appear ta besyrihesized de mma by a
mechanism involving ribosomes (Figs & 9 in the ascus
crteriasm,

Stiers (187c suggested that two possibie methods of

spore delimitation could occur in O, #mbriztz which, like
C. moniliformys, has hab-shaped ascospores. A double mem-
brane system could form a sac around each nudews which
enclosed to form individuzl ascospores. Altemnatively. the
double membranes formed a large ascus vesicle adizcent to the
ascus wall. This ascus vesicle then invaginated to form lobes,
surrounding each nucleus of the young 2scospores. We,
hawever, interpret the formation of an ascus vesicle around all
the nuclei adiacent to the ascus wall as an earlv stage in the
delimitation process. The ascus vesicle would finally invaginate
to form sacs which envelop the nucleus of each voung
gscospore. Depending on the plane in which sectione are cut,
the voung ascospores will either appear elongzte and sac:like
in fengitudinal section or circular in fransverce section. Two
separate mechanisms of delimitaijon 4= proposed by Stiers
i127ol, thus seem improbabie.

During the final stages of wall gevelopmen: the 2scospores
are paired side by side. This pairing is.a unigue fexture of hat-
shaped ascospores and has alsa besn observed m veasts such
as Hunsemila anonwils (Hansen| H. & P. Svd. Bandoni ef af,
1967; Black & Gorman, 19710 Afer spore welimitation,
mermbranes and the wail layver.

Although lomasomes are appasently invaived in the
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depusition of wall materal (Carroll, 1967; Stiers, 1974,
Wilsenach & Kessel 19675, they were not observed in
C. fmbrara (Stiers. 1976}, Structures resembling lomasomes
were, however, cbserved in ascospores of C. moniliformis and
it is suggested that these structures depostt wall materal,
contributing fo inner wall lendosporer formation.

The number of wall layers that have been observed in the
ascospores of other species of Centtocustis sensu lato is variabie.
In C. Amerata three lavers were observed and described as an
electron transparent endospore. a less electron transparent
mesospore and an electron dense epispore with an extension
or brim Stiers. 1970) In C. memtliformis the brim of the
ascospare is an electron transparent area, which is apparently
not an extension of the epispore. The epispore was formed
separately ana enclosed the electron trensparent extension of
the brim. This contrasts with the uniformly electron dense
brim of C. fmbrana. h

In O wimr with slightly elongated. crescent-shaped
ascospores with no sheaths, Jeng & Hubbes (1280) described
the innes electron dense wall as the primary wall and the outer
electron transparent wall as the secondary wall. The mesospore
thus either appears to be absent or was not observed. In
C. mumiliforvts the epi- and mesospore are interpreted as
constituting the ascospore sheath. The endospare would thus
be the spore delimiting wall. Using this terminology. it is the
ascospore sheath that Is hat-shaped and the spore itself thus
has an allantoid shape.

A close association appears to exist between electron
dense bodies rosmuophilic bodies: and wall formation m
C. murmiforms, Similar tructures nave also peen observed in
Sacchurumuces cerevisine Hansern |Beckett et al. 1973) O, ainn
tleng & Hubbes 950 and C. fmbriata (SHers. 1978).
Mingwarth #t . 11973 provided evidence that the lipid
content of the cells in 3 ceremisine: increased with an increase
Inlipid vesicles resambling osmiophilic bodies, Resuits of this
study substantiate the suggestion that these bodies function in
wall formation.

The final differentiaion of the ascospore wall of
. miounifenes into three distinctive lavers. was charactenzed
by the presence of calls connected to the asct and ascospore
watls, These auxibiary cells appear to be similar in shape and
size to the zsct Nudear divisions and ascospore delimibing
wall siructures were. however, not observed in them. They
thus apoear to be sterile and possibly play 2 role in sheath
formation 1epi- and mesospores. As far as we are aware, such
structures have not previousiv been observed in studies of
ascospore development. The auxiliary cells could function in
providing addicional wall material and nutrients during
ascospore development.

Ha:-znaped ascospores are found in ooth C. frfmaie and
C. weomirforenms, The bwo species might therefore have been
expected to nave similar witrastructural charactertstics. How-
ever differences in wall-delimining ¢rructures. ascospore valls
ang the oresence of auxillary cells were found bebween the
species, This suggests shat othes spedies sith similar sscospore
forms shouid be examined berore conciusions can be drawn
whote, Ulrrastruceural  studies o

for shv group 95 2

ascosporonenesis in other spectes or Cerarivushs should slso
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be undertaken. Furthermore. studies of these processes in
species of Opiicstoma which have a more diverse range of
ascospore forms reguires investization.
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This list is not intended to be exclusive, The emphasis is on support of nesw initiatives which, by definition, we
cannot foresee. You are ercouraged to submit an application for an award for such a purpose even if its intended
use falls outside the scope implied by the previous paragraph,

Awards will not normally exceed £500. There are no restrictions on eligibility, but these awards cannot be used
to supplement any postgraduate studentshio or bursary. An important condition of the scheme is that award
holders submit 2 fully receipted account of their use of the maorieys within one calendar vear of the work being
completed and a short report of their mycological activities for possible publication in one of the Society’s Journals.

Applications MUST be made on the form obtainable from the General Secretary. They may pe submitted for
consideration at any time of the year. Applications should be made in advance of any intended expenditure and
it would be wise to allow up to six months for the processing of applications. Application forms can be obtained
from Dr A 1. 5. Whalley, School of Natural Scences. Liverpool Palytechnic. Bvrom Street, Liverpool 33AF, United
Kingdom.
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