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S U M M A R Y  

Ascus formation in Debaryomyces hansenii includes fusion of two cells, usually 
mother and daughter while still attached to each other, through short protuberances 
developed from the cross wall between them. Nuclear fusion takes place in the 
channel connecting the two cells; meiosis apparently occurs in the mother cell. 
Generally, only one lobe of the meiotic nucleus is surrounded by a prospore wall 
and it becomes the nucleus of a spore with a warty wall. The rest of the nucleus 
disappears. The spores germinate by swelling in the ascus and forming one or more 
buds. 

INTRODUCTION 

Diploidization by means of conjugation between mother cell and bud occurs in several 
ascomycetous yeasts. However, there are few descriptions of the mechanism of this con- 
jugation. Guilliermond (191 I, 1928) described fusion between an adult cell and its bud when 
the bud was about to be separated from the mother cell in species of the genera Zygo- 
saccharomyces and Debaryomyces. Van der Walt (I  970) considered the characteristic 'con- 
jugation between mother cell and bud' inappropriate for Debaryomyces species, because, 
according to him, no cellular fusion, only karyogamy, took place. The two authors do 
not agree on whether a separating wall is present between mother cell and bud before 
nuclear fusion takes place. Since this question may be answered by electron microscopy, we 
studied ascus formation of a Debaryomyces species in ultrathin sections. Observations on 
vegetative reproduction and germination of the ascospores were also made. 

M E T H O D S  

Strain G592 of Debaryomyces hansenii (Zopf) Lodder & Kreger-van Rij was studied. A 
sporulating culture was obtained by growing the yeast in a small Petri dish on I % glucose- 
0.3 % yeast extract-o.5 % peptone agar for 2 days at room temperature, and then pouring a 
thin layer of 0.9 % aqueous NaCl over the culture and leaving it for I to 2 days at the same 
temperature. Germinating spores were obtained by inoculating a sporulating culture on to 
malt agar or glucose-yeast extract-peptone agar previously covered with cellophane on a slide 
and culturing them for 24 h at 20 "C. 

The harvested cells were washed with water and fixed with one of the following: (i) 1.5 % 
KMnO, for 15 min at room temperature; (ii) 1-5 % KMnO, for 15 min followed by 
I % OsO, in veronal-acetate buffer pH 7.0 for I h, both at room temperature; (iii) I % 
OsO, in veronal-acetate buffer for 16 h at room temperature; (iv) 3 % glutaraldehyde in 
phosphate buffer (0.1 M, pH 7.2) for 5 h at 4 "C and, after washing with buffer, with I % 
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OsO, in veronal-acetate buffer for 16 h at room temperature. All the Figures show material 
fixed with KMnO,. Fixations (ii) (iii) and (iv) were used only for sporulating cultures. After 
suspending the fixed material in agar, the agar blocks were dehydrated through an ethanol 
series and post-stained with a saturated solution of uranyl acetate in IOO % ethanol for I h. 
The specimens were embedded in Epon 8 I 2 ; the germinating spores were also embedded in 
Spurr’s (1969) epoxy resin. Some of the sections were post-stained with lead citrate and 
uranyl acetate. They were examined with Philips EM 300 and EM 201 electron microscopes. 

RESULTS 

Cells of D. hansenii were spherical or short-ellipsoidal. Buds were usually formed near 
the two poles, but could also form multilaterally; they sometimes remained attached to the 
mother cell, forming short branched chains. The size of the bud depended on the conditions 
of growth. 

In sections, the cell wall had a structure typical of ascomycetous yeasts : a thin dark outer 
layer and a broad light inner layer. The wall of the bud emerged from a cell under the 
wall of the mother cell, and the wall of the bud within the mother cell was usually very 
light (Fig. I). A cross wall between mother and bud was formed centripetally; first a very 
light primary layer developed and then slightly darker secondary layers were formed on 
each side of it. In the centre of the cross wall a thin dark line connecting the two cells was 
observed, the closure line, in which two layers of plasmalemma might be discerned. 

Conjugation between mother cell and bud preceded ascus formation. The conjugating 
buds varied in size, but were usually much smaller than the mother cells. After conjugation, 
the axis of the bud was frequently oblique rather than perpendicular to the mother cell. 
Conjugating cells with a short neck between them also occurred. Apart from conjugation 
between mother cell and bud, conjugation of unrelated cells was occasionally observed ; 
these cells also were connected by a short neck. The ascus contained one, or occasionally 
two, warty spores. 

Before cell fusion, mother cell and bud showed extensions at the edge of bud and birth 
scars of partly separated cells (Fig. 2). These extensions, which we consider to be outgrowths, 
fused at the tips and thus formed an open connexion between the cells and a slight bulge 
at the collar (Figs. 10, 11).  Some sections of asci showed that formation of protuberances 
from the scars of separated cells also occurred (Fig. 4), resulting in a short neck between 
the cells. Cells connected by protuberances which had not grown out from scars were seldom 
observed. At the site of fusion, dark bodies within the contacting walls occurred (Fig. 3). 
Exceptionally, a bud developed from the scar surface and conjugation between the mother 
cell and this bud took place (Fig. 5) .  Sections of many asci showed a partly or wholly dis- 
solved cross wall between the conjugating cells, leaving no indication of the formation of 
outgrowths before fusion. The connexion was usually at the edge of the cross wall, and the 
closure line was occasionally still visible in the remaining part (Fig. 10). 

In fusing cells, one nucleus was observed in the connecting channel between them (Fig. 6) 
and we assume that this was a diploid nucleus. An early stage of spore formation was 
visible in the mother cell: one lobe of the nucleus was partly surrounded by a prospore wall 
consisting of two unit membranes (Fig. 7). At a later stage, wall formation was completed 
and enclosed a nucleus and other organelles (Fig. 8). A thin dark line was present between 
the two membranes and, occasionally, round, dark inclusions. A large part of the original 
nucleus remained in the ascus outside the single spore (Fig. 9) and gradually disappeared. 
Between the two membranes forming the outer covering of the spore a light layer developed 
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Fig. I .  Section through the collar between mother cell (M) and bud (€3). The wall of the bud (BW) 
emerges from under the wall of the mother cell (MW) and is electron-transparent within the 
mother cell (arrow). 
Fig. 2 .  Mother cell and bud are separated by a cross wall which has partly split. The edges of bud 
and birth scars are visible (arrowed). Both cells have formed short outgrowths from the scar surface 
Fig. 3. Site of fusion of two cells with dark bodies in the contacting walls. 
Fig. 4. Conjugating cells connected by outgrowths from the scars. The edges of the scars on mother 
cell and bud are visible (arrows). 
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Fig. 5 .  Part of an ascus resulting from conjugation between a mother cell and a cell budded off from 
the scar surface left by a previous bud. The scar edges of the first budding are arrowed. 
Fig. 6. Nucleus in the channel between two cells after fusion. 
Fig. 7. One lobe of the nucleus of fused cells, partly surrounded by the prospore wall (arrowed). 
Endoplasmic reticulum (ER) lies in the vicinity of this wall. 
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Fig. 8. Very young spore enclosed in the two unit membranes. Between these there is a thin dark line 
and round, dark inclusions. 
Fig. 9. Ascus with a young spore and original nucleus (N) outside it. Membrane structures are 
present (arrow). 

(Fig. 9). The inner membrane became the plasmalemma and the outer membrane the dark 
outer layer of the spore wall. The wall was initially smooth but became warty at an early 
stage (Fig. 10). The warts were extensions of the inner layer, but were darker, sometimes 
with light spots (Fig. I I). Lipid bodies were present both before and during conjugation. They 
surrounded the young spore, and in KMn0,-fixed cells they took on a reticulate appearance. 
With all fixations, membranous structures were observed around the spores and elsewhere 
in the ascus (Fig. 9). Lipid material still adhered to the mature spore. The plasmalemma 
of the ascus could become detached from the wall and lie close to the spore. 
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Fig. 10. Ascus with a young spore with small warts. A bulge is visible at the collar between mother 
cell and bud, and the closure line is present in the remaining past of the cross wall (arrow). 
Fig. I I .  Ascus with mature spore. The spore wall has distinct warts. 

The mature spore did not fill the ascus until germination, at which time it had obviously 
swollen (Fig. 12). It was occasionally slightly angular and the warts on the wall were 
flattened. The dark outer layer of the spore wall at first appeared unbroken, though it 
sometimes appeared to be broken. In the light inner part of the wall two layers were 
observed separated by an indistinct dark line. The plasmalemma had a crenulated ap- 
pearance and the organelles of the germinating spore were clearly visible. The swollen 
spore with the ascus wall still around it formed one or more buds. At the site of budding, the 
ascus wall was broken or dissolved. The swollen spore budded in the same way as the vege- 
tative cell: the wall of the bud arose from under the wall of the mother cell, which in this 
case was the wall of the spore (Fig. 13); a cross wall was formed between mother cell and 
bud, and the bud remained attached to the mother cell or was separated from it. The ascus 
wall could persist around the spore, or be partly or entirely lost. The preparation examined 
contained several free germinated spores. These had often lost the dark outer layer of the 
spore wall and most of the outer part of the light inner layer. 
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Fig. 12.  Ascus with swollen spore which has formed a bud. The bud has penetrated the wall of the 
ascus and thereby pushed aside the conjugation bud. In the wall of the germinated spore two light 
layers are separated by an indistinct dark line. 
Fig. 13.  Section through the collar between mother cell and bud of a germinated spore. The edge of 
the collar shows several layers: the wall of the ascus (AW), the dark outer layer of the spore wall 
(OSW), and two light inner layers of the spore wall separated by a dark line (ISW). The wall of the 
bud (BW) emerges from under these layers. 
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DISCUSSION 

From our observations it appears that before conjugation between mother cell and bud, 
the two cells are separated completely by a cross wall. This is in agreement with Guillier- 
mond’s (1911) description and unlike that of van der Walt (1970). 

The conjugating bud is generally small and often one of several others still attached to the 
mother cell. This type of bud formation (‘Kronenbildung’) has been described for other 
haploid yeasts (Krumbholz, 1931). There is no evidence that the conjugating bud differs 
from the others, but possibly it is the youngest. 

Conjugation was preceded by the formation of short outgrowths on mother cell and bud, 
which we consider to be conjugation tubes. Thus it resembles conjugation between two 
separate cells as described for HansenuZa wingei (Conti & Brock, 1965) and Saccharomyces 
cerevisiae (Osumi, Shimoda & Yanagishima, I 974). The action of wall dissolving enzymes 
may require a special configuration resembling the penetrating stalks of Endomycopsis 
(Arthroascus) javunensis (Kreger-van Rij & Veenhuis, I 973), although in E. javanensis the 
action is one-sided and there is no cell fusion. However, our observations of conjugation in 
D. hansenii do not exclude direct dissolution of the cross wall between the two cells in- 
volved. Conjugation between unrelated cells, a1 though infrequently observed, was also 
effected by conjugation tubes, but these were not formed from a scar surface. Budding from 
a scar surface, leading to the so-called multiple scars, has not been observed in cultures of 
D. hansenii with exclusively vegetative reproduction. It is tempting to consider the buds 
formed by this method in sporulating cultures as modified conjugation tubes. 

Sections of conjugating cells suggest that the nuclei of both cells meet in the open con- 
nexion between the cells and fuse, after which the diploid nucleus undergoes meiosis in the 
mother cell. The lobed nucleus of that stage resembles the meiotic nucleus described for 
S. cereviside (Moens, 1971 ; Guth, Hashimoto & Conti, 1972; Beckett, Illingworth & Rose, 
1973). In contrast to the four lobes of the nucleus in that species which become the nuclei of 
the four spores, only one lobe of the nucleus of D. hunsenii is enveloped by membranes. We 
have not attempted a three-dimensional reconstruction of the meiotic nucleus as given by 
Moens (1971) for S. cerevisiae and, therefore, do not know whether more than one lobe 
develops in D. hunsenii. In two-spored asci this is expected to be the case. 

In sections of the prospore wall a thin dark line was visible which has not been described 
for S. cerevisiae, but is probably similar to that observed in young spores of Eremuscus 
dbus (Kreger-van Rij, Veenhuis & van der Graaf, 1974). In the wall of mature spores of 
D. hansenii this line could not be traced. The warts on the spores which developed as dark 
extensions of the light layer of the wall resemble the ‘secondary wall’ of Ascodesmis spores 
described by Merkus (1973). The lipid bodies surrounding the growing and the mature 
spore were described by Lynn & Magee (1970); Black & Gorman (1971) mentioned mem- 
brane-like structures present in the ascus. We did not find an osmiophilic zone around the 
spores, as described for Pichia pijperi and Kluyveromyces osmophilus (Kreger-van Rij, I 969). 

At germination, the spores change to the vegetative condition. This includes swelling, 
thereby extending the wall, and new wall material is probably formed. The two zones in the 
light part of the wall of a germinating spore, separated by a thin dark line, may represent 
the original spore wall and a new layer formed within. The latter becomes the wall of the 
vegetative cell as the other layers disappear. 
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