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Summary. The ultrastructure of the extreme halotolerant yeast Debaryomyces 
hansenii (Zopf) van Rij was similar whether the organism was grown under normal 
physiological conditions or at high concentrations of NaC1 (12, 20 per cent w/v). 
A multitude of channels often seen in association with plasma membrane and/or 
vacuoles occur in the cytoplasm. The vacuoles contain lipid storage material. A 
decrease in mitochondrial size was observed with increasing salt concentration. 
The ultrastructure has been discussed with respect to halotolerance. 

Marine occurring yeas t s  differ in halotolerance .  The metabol ic  appa-  
ra tus  of Debaryomyces hansenii funct ions  to a cer ta in  ex ten t  even a t  
NaC1 concent ra t ions  close to  the  solubi l i ty  l imi t  of  th is  sa l t  (24 per  cent  
w/v).  A b o u t  12 per  cent  NaC1 was found me tabo l i sm l imi t ing to Saccharo- 
myces cerevisiae the  o ther  yeas t  p referen t ia l ly  used in our compara t ive  
s tudies  (Norkrans,  1966, 1968). The s t rong ha lo to lerance  of  D. hansenii 
seems to be due p a r t l y  to an  ext rus ion  of Na  and  an  effective u p t a k e  of  
K.  Since the  to ta l  sa l t  level of the  cells is no t  sufficient to counte rac t  the  
osmotic po ten t i a l  of the  medium,  the  cell has to meet  the  osmotic s t ra in  
b y  some osmoregula t ing  funct ions (Norkrans  and  Ky]in,  1969). 

I t  seems p robab le  t h a t  cell funct ions con t r ibu t ing  to  the  bu i ld-up  of 
ha lo to leranee  of  D. hansenii could call on a s t ruc tu ra l  basis somewhat  
dev ia t ing  f rom t h a t  in cells of  less ha lo to le ran t  yeasts .  Differences might  
be expec ted  e. g. in mi tochondr ia l  appara tus ,  membraneous  organizat ion,  
vacuole  fo rmat ion  and  cy top lasmic  densi ty .  As no u l t r a s t ruc tu r a l  s tudies  
on Debaryomyces species seem to be on h a n d  in the  l i t e r a t u r e - - e x c e p t  
for some studies  on aseosporal  appearance  pe r fo rmed  for t axonomica l  
purposes  (e. g. K o d a m a  et al., 1964a, b;  Besson, 1966)- -such an in- 
ves t iga t ion  became impera t ive .  

F o r  compara t ive  purposes  the  less ha lo to le ran t  Saccharomyces cere. 
visiae was included in the  studies.  

Material and Methods 

The organisms used were Debaryomyces hansenii (Zopf) van Rij (strain 26) and 
Saccharomyces cerevisiae Hansen (strain 12), previously described (Norkrans, 1966). 
They were grown on a reciprocal shaker at 25~ at different NaC1 concentrations 
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in a glucose-asparagine medium (Norkrans, 1966), 500 ml per 2.5 1 Fernbach flasks. 
Cells from logarithmic growth phase were harvested by centrifugation. 

Material was fixed for electron microscopy in 30/o glutaraldehyde in 0.1 M caco- 
dylatc buffer, pH 7.3--7.5, for 2--4 hours at _L 4oc, washed extensively and stored 
over night in the same buffer. Post-fixation was then carried out by one of the follow- 
ing treatments: 

1.2~ KM~O 4 in Palade's (1952) veronal-acetate buffer, pH 7.2, for 2 hours at 
§ 1 7 6  

2.20/0 OsO~ in veronal-acetate buffer, pH 7.2, for 2 hours at q- 4~ 
The fixed cells were washed thoroughly, enclosed in 2o/0 agar (Oxoid no l), 

dehydrated in a graded ethyl alcohol series and embedded in Epon (Luft, 1961). 
During dehydration the material was treated over night at -r 4~ in 0.5o/0 uranyl 
acetate in 70 ~ ethanol. Cells grown in the presence of 12 ~ or 20 ~ NaC1 were fixed 
and washed in solutions containing 12 and 20% NaC1 respectively. 

Since several investigations have shown unsat isfactory preservation 
of  the fine s t ructure  of  S. cerevisiae with osmium tetroxide, this agent  
was no t  used for post-fixation of  in tac t  cells of  S. cerevlsiae. Studies on 
cells fixed in osmium tetroxide after enzymic cell wall digestion (accord- 
ing to Robinow and Marak, 1966) are, however, in progress for S. eere- 
visiae as well as for D. han#enii. 

Thin sections were cut  with glass knives on an L K B  ul t rotome and 
mounted  on uncoated  300 mesh copper grids. Sections of material  post- 
fixed in osmium tetroxide were stained with lead citrate (Venable and 
Coggeshall, 1965). The sections were examined in a Philips EM 300. 

For  light microscopy thick sections (0.5--1 9) were cut  f rom Epon  
embedded JDebaryomyce# cells, t rea ted  as described above in glutar- 
a l dehyde - -KM nO 4 u rany l  acetate and, for comparison, also from cells 
fixed in 30/0 glutaraldehyde only. Sections were stained for ]ipids or 
phospholipids with Sudan IV (saturated solution in 70 ~ ethanol, 25 rain), 
Sudan black B (saturated solution in 700/0 ethanol, l0  rain), Nile blue, 
1 ~ and 0.02 ~ or aniline b lue- -orange  G (Jensen, 1962) and for protein 
with mercuric bromphenol  blue (Mazia et al., 1953) for 2 hours (Pearse, 
1968). Counterstaining with Sudan IV  was made with light green (0.1 ~ 
in 70~ ethanol, 30 see). The preparat ions were mounted  in glycerol and 
examined in the microscope at 1600 • magnification. 

Observations 

Micrographs of  cells of Saccharomyces cerevisiae grown in normal  
nut r ien t  solution show the general characteristics found for various 
strains of  this yeas t  (Vitois et al., 1961; Marquardt ,  1962; Clark-Walker 
and Linnane,  1967). 

The ul t ras t ructure  of  cells grown in the presence of 12~ NaC1 does 
not  seem to deviate f rom tha t  of  cells grown under  normal  conditions. 

The following description of  the ul t ras t ructure  of  Debaryomyces han- 
senii is based on the appearance of  cells grown in normal  nutr ient  
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Fig. 1. Cell of Debaryomyces hansenii grown in the presence of 12~ NaC1. The 
"vacuole-like structure" (VS) is seen in association with the storage vacuole (V). 

The plasma membrane shows numerous folds (arrows). • 51,000 

solut ion and  fixed in g l u t a r a l d e h y d e - - p o t a s s i u m  pe rmangana te .  Since 
l i t t le  difference in u l t r a s t ruc tu re  has  been observed be tween these cells 
and  those cu l t iva ted  a t  12 or 20~ NaC1 concent ra t ion  (see below), 
reference is also made  to mierographs  of cells grown in the  presence of 
12~ NaCI (Figs. 1 and  5). So far,  we have  no t  been able  to obtMn good 
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Fig. 2. S torage  vacuole  in D. hansenii with  whorl- l ike inclusion.  • 45,500 

resolution with material  post-fixed in osmium tetroxide. Also in material 
post-fixed in K M n Q  the quality of fixation may  vary. 

The size of the cells in vivo is (2--4)- - (2 .5--4)  ~ (Norkrans, 1966). 
Consequently, the sections have round or oval profiles. The cells of S. 
cerevisiae are elongated and much larger; ( 5 - - 8 ) - - ( 6 - - 9 ) ~  in vivo 
(Norkrans, 1966). 

The cell wall is thick, ca. 0.1 ~. The plasma membrane shows a great 
number  of more or less narrow invaginations (Figs. 1 and 3). Some of 
these (Fig. 1) are probably folds similar to those observed in S. cerevisiae 
(Vitols et al., 1961 ; Moor and Mtihlethaler, 1963), while others form chan- 
nels deep into the cytoplasm (Fig. 3). 

The mitochondria have most varying size and shape. In  cells grown 
under normal conditions their width (measured on the prints as the maxi- 
mum diameter of 36 mitochondrial profiles) averages 0.32 Iz. The inner 
membranes are organized as cristae. 

The vacuoles contain storage material, often concentrated to the 
margins, leaving an electron t ransparent  area (Figs. 1--5). Inclusions 
of varying appearance are found in the vacuoles, especially in their 
electron dense marginal parts  (Figs. 1, 2, and4). The inclusions may appear 
as profiles of cytoplasm within a unit membrane or as whorl-like (Fig. 2), 
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Fig.3. Storage vacuole (V) and "vacuole-like structure" (VS) with tripartite 
membranes (double arrows) in D. hansenii. The plasma membrane shows a number 

of folds and two deep invaginations (arrows). • 99,000 

or membraneous  configurat ions.  Similar  s t ruc tures  m a y  also be seen in 
the  cy top la sm close to  the  vacuole  (Fig.5).  Connections be tween  the  
ou te r  p a r t  of  the  cell and  the  vacuole  have  f requen t ly  been observed 
(Fig.3).  



Ultrastructure of Debaryomyces hansenii 19 

Fig.4. Storage vacuole (V) with inclusions and "vacuole-like structure" (VS) with 
granular stroma in cell of D. hansenii. • 58,000 

In cells post-fixed in OsO a bodies, most probably identical with the 
storage vacuoles, appear as round, electron dense structures. This sug- 
gests a lipid and/or protein stroma (cf. Bahr, 1954). 

"Vacuole-like structures" similar to those observed in Torulopsis utilis 
(Linnane et al., 1962) are found in close association with the storage 
vacuoles (Figs. 1, 3--5). They do not seem to form part  of the vacuole. 

2* 
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Fig. 5. Vacuole (V), "vacuole-like structure" (VS) and cytoplasmic inclusion near 
the vacuole in cell of D. hansenii grown at 12~ NaC1 concentration. • 99,000 

I n  some sections they  show a granular  stroma, which indicates a pro- 
teinaceous content  (Frey-Wyssling andMfihlethaler,  1965). The granular  
s t roma is evident  also in KMnO 4 t rea ted  cells, not  pre-fixed in glutar- 
aldehyde (Norkrans and Gezelius, in preparation).  I n  such cells the storage 
material  in the vacuoles is completely dissolved, which indicates the 
vacuole-like structures as separate organelles. Smith and Marchant  (1968) 
have described s imi la r - -bu t  smaller--organclles from S. cerevisiae as 
spherosomes. 
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Table. Results o/ staining reactions /or neutral /at, phospholipid and protein. The 
stains were applied to 0.5--1 # sections o/ Epon embedded cells o/ Debaryomyces 
hansenii, grown in normal nutrient solution. GA = glutaraldehyde Hg-BPB mercuric 

bromphenol blue 

Fixation Stain Colours observed in 

Cell walls Cytoplasm "Inclusions" 

GA Sudan IV -- -- -- 
GA Sudan IV light green --  --  

+ Iigh~ green 
GA-KMnO 4 Sudan IV yellow yellow red 
GA-KMnOa Sudan IV yellow yellow-orange red 

-~ light green 
GA Sudan black -- -- (black) a 
GA-KMn04 Sudan black yellow yellow black 
GA Nile blue 1 ~ light blue light blue blue 
GA-KMn04 Nile blue 1 ~ yellow yellow-orange red or blue b 
GA Nile blue 0.020/o light blue light blue blue 
GA-KMn04 Nile blue 0.02~ yellow yellow blue 
GA Aniline blue- light blue light blue yellow 

orange G 
GA-KMn04 Aniline blue- pale yellow- pale yellow- yellow 

orange G green green 
GA Hg-BPB light blue light blue blue c 

The stained area has a much weaker colour than after KMnO 4 fixation. 

b After prolonged treatment (Pearse, 1968), cell walls and cytoplasm stained 
blue, while the inclusions still were either blue or red. 

c Positive reaction for all protein-rich organelles e.g. the nucleus. Staining of 
material post-fixed in KlVIn04 with tIg-BPB did not give reproducible results. 

The resul ts  of  the  h is tochemical  exper iments  are shown in the  Table.  
S ta in ing  of  K M n 0 4  t r e a t e d  ma te r i a l  wi th  Sudan  I V  and  Sudan  b lack  
was posi t ive,  ind ica t ing  the  presence of  neu t ra l  fat .  S ta in ing  of g lutar -  
aldehyde (GA) fixed cells was negative with Sudan IV, due to removal 

of non-fixed fat during the embedding procedure; Sudan black gave a 

weak positive reaction, suggesting the presence of phospholipid. The 

reac t ions  wi th  1~ and  0.020/0 Nile blue and  with  anil ine blue-orange G 
(Jensen, 1962) suppor t  the  resul ts  ob ta ined  wi th  the  Sudan  stains.  

The s ta in ing  reac t ions  were local ized to d i s t inc t  areas,  one or a few 
per  cell, which wi th  respec t  to  size and  local izat ion seemed to agree wi th  
t h a t  of the  s torage vacuoles  as seen in the  e lect ron microscope.  

Pos i t ive  reac t ion  for p ro te in  was observed  for ma te r i a l  f ixed in glu- 
t a r a l d e h y d e  only.  Because of  the  unspecif ic i ty  of the  method,  i t  can, 
however ,  only  be sugges ted  t h a t  the  s torage vacuoles were among the 
s t a ined  areas.  
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Cells grown in the presence of 12~ (Figs. 1 and 5) or 200/0 NaC1 
show the same over-all ultrastruetural organization as the control cells. 
The mitochondria do, however, appear smaller with an average diameter 
of 0.25 ~ (38 mitochondria measured as above) in 12~ NaC1 and 0.20 
(34 mitochondria) in 20o/0 NaC1 as compared with 0.32 ~ in the control. 
Although statistical t reatment  of the measurements has not been made, 
we consider the observed difference significant. 

Discussion 

The most  prominent ultrastructural  features of Debaryomyce8 han- 
8enii, grown in normal nutrient solution or in the presence of high 
external concentrations of NaCI, are the storage vacuoles, the "vacuole- 
like" structures, and the channels regularly observed in the cells. Such 
channels are lacking in the less halotolerant Saccharomyces cerevisiae. 
S. cerevisiae also lacks the conspicuous storage material found in D. 
hansenii. 

The storage vacuoles in D. hansenii contain lipid, phospho]ipid, and 
possibly also protein as concluded from the histochemieal evidence 
(Table) in combination with the appearance of the material after KMnO4 
and OsO 4 fixation. Obviously the cells possess a potential for rapid 
assembly of membranes.  Such a function has also been suggested for 
the storage material  in spores of Botryti~ cinerea (Buckley et al., 1966). 

The whorl-like and membraneous structures often observed in the 
storage vacuole may  represent an organization of the phospholipid 
material, whether the structures are artifacts due to the double fixation 
in glutaraldehyde-potassium permanganate or not (cf. Curgy, 1968; 
Bowes, 1969). 

The channel system observed in D. hansenii after glutaraldehyde- 
K M n Q  fixation appears in some cases to originate from the plasma 
membrane (Fig. 3), and possibly represent plasmalemmosomes. Kowever, 
membranes, in a living cell are manifestations of a dynamic system. 
Grove et al. (1968) studying membranes in Pythium ultimum have 
demonstrated an interconversion of the endoplasmic retieulmn ancl the 
plasma membrane in the Golgi zone. The observed channel system in 
D. hansenii may therefore be in association not only with the plasma 
membrane but  also with other cytoplasmic membranes. 

Various functions may  be ascribed to the membrane and channel 
system in D. hansenii. I t  may  serve to t ransport  material from the stor- 
age vacuole to sites of synthesis in the cell or to carry solutes from the 
outside into the interior of the cells, such functions being an obvious 
advantage to an organism growing under dehydrating conditions. Mobil- 
izing of storage material for t ransport  to sites outside the vacuole or 
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for osmoregulating purposes (see below) seems to imply the presence 
of hydrolytic enzymes. Such enzymes have been isolated from the vacu- 
ole of S. cerevisiae (lV[atile and Wiemken, 1967). The storage vacuole and/ 
or the vacuole-like strnetures, may serve as enzyme pools in Debaryo- 
myces and thus as the lysosome (spherosome) of this yeast. 

Furthermore, the membrane-channel system seems to meet specific 
demands in the halotolerant D. hansenii. In this yeast, regulation of the 
intracellular K:  Na ratio, more effective than the corresponding process 
in the less halotolerant S. eerevisiae, has been demonstrated (Norkrans and 
Kylin, 1969). As this regulation can be linked to membrane bound Na-K 
activated ATP'ases one might feel tempted to explain the elaborate 
membrane system in D. hansenii as a prerequisite to this cell function. 
The presence of phospholipid containing storage vacuoles, mentioned 
above, seems to fit the system very well as an indispensable potential 
for rapid repair and further development of the system. 

The mechanism involving preferential K-uptake and Na-extrusion 
does not wholly explain the ability of D. hansenii and S. cerevisiae to 
survive and grow at high external concentrations of NaC1. For both 
organisms the intraeellular salt concentrations are much lower than in 
the medium, when NaC1 is present in the medium at a concentration of 
80/0 ( =  1.35 M) or higher (Norkrans and Kylin, 1969). The cells must 
possess some other osmoregulating capacities. Osmoregulating functions 
may be ascribed to mobilized storage material, e.g. glycerol formed 
from neutral fat present in the vacuoles in D. hansenii. This hypothesis 
is supported by histoehemieal evidence. Little neutral fat was found in 
cells grown at high concentrations of NaC1. 

The mierographs reveal no ultrastruetural differences between the 
control cells and those growing in the presence of high salt concentra- 
t i o n s - w i t h  one exception: the size of the mitochondria in D. hansenii, 
where a pronounced decrease in mitochondrial diameter was observed 
with increasing salt concentrations. Unless this is compensated by the 
length of the mitoehondria or an increase in the number of mitochondria 
per cell, which has not been observed, this decrease would correspond 
to a lower mitoehondria capacity. The observed decrease in size corre- 
lates with a pronounced decrease in respiration found at increasing salt 
concentrations (Norkrans, 1968). The mitochondrial membranes are 
distinct even in cells from 20 ~ NaC1 and any degeneration of the eristae, 
such as observed in Endomyeopsis ]ibuligera in 0.5 M NaC1 (Hiraoka and 
Takada, 1968) does not occur in D. hansenii. 

"Extreme halophilism is a genetic characteristic of the organism and 
not a physiological adaptat ion" (Brock, 1969). The lack of very marked 
structural differences between cells grown at  as extremely different 
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condit ions as those offered to D. hansenii incl ined us to the same con- 
clusions about  the halotolerant  yeasts. 

The results of this s tudy  show, how unusua l  physiological properties 
such as the capaci ty  of survival  and  growth a t  NaC1 concentrat ions near  
the solubil i ty l imit  of the salt may  be correlated with u l t ras t ruc tura l  
features no t  present  in  a less halotolerant  organism. 
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