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The  Fine S t r u c t u r e  of M i c r o b o d i e s  in the Yeas t  Pichiapastoris 
M i c r o b o d i e s  o r  p e r o x i s o m e s  h a v e  b e e n  d e t e c t e d  in  t h e  

cells  o f  a n i m a l s  1 a n d  p l a n t s g ,  3 a n d  in  m i c r o o r g a n i s m s  4. 
T h e s e  c y t o p l a s m i c  o r g a n e l l e s  a r e  s u r r o u n d e d  b y  a u n i t  
m e m b r a n e ,  a n d  p o s s e s s  a f ine  g r a n u l a r  i n n e r  s t r u c t u r e  as  
w a s  r e v e a l e d  b y  e l e c t r o n m i c r o s c o p y .  T h e i r  f u n c t i o n  in  
cel l  m e t a b o l i s m  h a s  o n l y  p a r t l y  b e e n  e l u c i d a t e d ,  b u t  
a c c o r d i n g  t o  o u r  p r e s e n t  k n o w l e d g e ,  al l  m i c r o b o d i e s  a r e  
c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  of  c a t a l a s e  a n d  a n u m b e r  
of  o x i d a s e s .  I n  r a t  l i ve r  m i c r o b o d i e s  c a t a l a s e ,  u r a t e  
o x i d a s e ,  D - a m i n o  ac i d  o x i d a s e ,  L - a - h y d r o x y a c i d  o x i d a s e  
a n d  i s o c i t r a t e  d e h y d r o g e n a s e  h a v e  b e e n  d e m o n s t r a t e d K  
I n  m i c r o b o d i e s  of  r a t  l i ve r  or  p l a n t  l e aves ,  t u b u l a r  o r  
c r y s t a l l i n e  r e g i o n s  h a v e  b e e n  o b s e r v e d  5,6. HOFMANN e t  
a l d  s h o w e d  u n e v e n  d i s t r i b u t i o n  of  p e r o x i d a s e  a c t i v i t y  of  
c a t a l a s e  in  m i c r o b o d i e s  of  Saccharomyces cerevisiae a f t e r  
c y t o c h e m i c a l  s t a i n i n g  w i t h  d i a m i n o b e n z i d i n e  ( D A B ) .  
S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  w i t h  a l k a n e - a s s i m i l a t i n g  
y e a s t s  b y  O s o M I  e t  al. s. 

I n  o u r  s t u d i e s ,  t h e  o c c u r r e n c e  of  m i c r o b o d i e s  a n d  t h e i r  
i n t e r n a l  s t r u c t u r e  h a s  b e e n  i n v e s t i g a t e d  in  a m e t h a n o l -  
a s s i m i l a t i n g  y e a s t .  

Mater ials  a n d  methods. T h e  m e t h a n o l - a s s i m i l a t i n g  
y e a s t  i n v e s t i g a t e d  w a s  Pich ia  pastoris C B S  704. T h e  t e s t  
o r g a n i s m  w a s  g r o w n  in  a 10 1 M a r u b i s h i  l a b o r a t o r y  
f e r m e n t o r  on  m i n e r a l  s a l t s  m e d i u m  s u p p l e m e n t e d  w i t h  
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Fig. 1 and 2. Pichic~ p~storis, 
grown in batch culture on metha- 
nol. Section through a cell showing 
a nunlber of microbodies (MB) 
with crystalline internal structure, 
mitochondria (M) and vacuoles 
(V) after fixation with paraformal- 
dehyde/glutaraldehyde. • 34,000 
and • 39,000 respectively. 

Fig. 3 and 4. Details of crystalline 
matrix in Inicrobodies with striat- 
ed structures (Figure 3) and 
spacing of protein molecules 
(Figure 4). • 76,000 and • 96,000 
respectively. 



15.8. 1975 Specialia 927 

v i t amins  a t  29~ 9. The aera t ion  ra te  was 0.57 1 air/1/min. 
Methano l  was added  as a vapor  to the  aera t ion  air. Cells 
were ha rves t ed  at  var ious in tervals  in the  course of 62 h. 

Af te r  cent r i fugat ion  the  cells were washed  wi th  0.067 
M p h o s p h a t e  buffer  p H  5.8, wi th  addi t ion  of 0.09 M 
NaC1. The pellet  was resuspended  in a mix tu re  of 2% 
pa ra fo rma ldehyde  and  2.5% g lu ta ra ldehyde .  Af ter  2 h 
a t  20 ~ the  cells were washed  twice, and incuba ted  in 1% 
OsO 4 for 16 h a t  4~ then  washed  twice and embedd ed  in 
2% agar. All the  t r e a t m e n t s  men t ioned  above were 
carr ied ou t  in phospha t e  buffer/NaC1. The cells were 
d e h y d r a t e d  in an alcohol series, s ta ined  wi th  1.5% 
uranyl  ace ta te  for 1.5 h a t  the  50% alcohol step,  and  
finally e m b e d d e d  in Epon.  Th in  sect ions  were cut  wi th  an 
L K B  microtome,  pos t s t a ined  wi th  2% uranyl  ace ta te  for 
2 min,  wi th  Reynolds  lead c i t ra te  for 5 min,  washed,  and 
f inal ly examined  wi th  a Phi l ips  E.M. 201. 

Results and discussion. We have  conf i rmed the  observa-  
t ion  of Os~JMI et  al. s t h a t  t he  occurrence of microbodies  in 
yeas t  depends  on the  age of the  cul ture  and on the  sub- 
s t r a t e  for growth.  In  our s tudies  t h e y  have  no t  been found 
in glucose-grown cells but ,  in me thano l -g rown  cells of 
Pichia pastoris, vary ing  number s  up to 8 were observed 
(Figures 1 and 2), wi th  h ighes t  f requences  in exponen-  
t ia l ly  growing cells. These microbodies  are separa ted  f rom 
each o ther  and f rom the  cy top lasm by  a single un i t  
membrane ,  and are of ten more or less rectangular .  
OsuMI et  al. 8 showed these  organelles to be p resen t  in 
var ious  yeas ts  grown on hydroca rbons  and  in Kloeckera 
sp. g rown on methanol ,  and VAN DIJKEN et  alA ~ de tec ted  
microbodies  in the  methano l -ass imi la t ing  yeas ts  Hansenula 
polymorpha, Pichia pinus and  Candida boidinii. 

St r i a t ed  or crysta l l ine  areas were observed  occasionally 
depend ing  on the  plane of sect ion (Figures 3 and 4). 
Con t ra ry  to results  ob ta ined  wi th  microbodies  f rom animal  
or p l an t  cells 1,6, the  crysta l l ine  s t ruc tu re  was evenly  
d i s t r ibu ted  over  the  ent i re  volume of microbodies  in 
me thano l  ass imi la t ing yeasts ,  and m a y  be responsible  
for the i r  rec tangular  shape.  These observa t ions  conf i rm 
the  resul ts  of VAN DIJKEN et al. 1~ wi th  f reeze-etched 
p repa ra t ions  of Hansenula polymorpha f rom a chemos t a t  
culture.  Crystal l ine s t ruc tures  could, as repor ted  in th is  
paper ,  only be ob ta ined  by  f ixat ion of the  cells wi th  
pa ra fo rma ldehyde /g lu t a ra ldehyde .  KMnO 4 f ixat ion dem- 
ons t r a t ed  the  out l ines of microbodies ,  bu t  did no t  
reveal  the i r  in ternal  s t ructure ,  as was also found by  
OsuMI et  at. s. 

The per iodic i ty  calculated f rom s t r i a ted  areas (Figure 
3) was  abou t  125 A, and var ied be tween  95 and 105 A in 

crysta l l ine  regions. The na tu re  of the  enzymes  p resen t  in 
yeas t  microbodies ,  apa r t  f rom catalase  which  was 
d e m o n s t r a t e d  b y  cy tochemica l  staining,  is still  unknown,  
owing to difficult ies in ob ta in ing  isolated and  in tac t  
p repa ra t ions  of these organelles. However ,  there  is a 
s t r iking corre la t ion be tween  the  occurrence of micro- 
bodies and  the  catalase  co n t en t  of yeas t  cells. Methanol ,  
as a subs t r a t e  for growth,  increased the  ca ta lase  co n t en t  
of the  cells 5-fold n, and n-a lkane  10 to 50-fold 12 as 
compared  wi th  glucose-grown ceils. Therefore,  one migh t  
ponder  on the  possibi l i ty  t h a t  the  crysta l l ine  na tu re  of 
yeas t  microbodies  m a y  be p rovoked  pr imar i ly  by  the  high 
co n t en t  of catalase.  

In  me t h an o l -g ro w n  yeasts ,  th i s  enzyme  was d e m o n s t r a t -  
ed to degrade  H20 2 bo th  by  catalase and by  peroxidase  
ac t iv i ty  wi th  me t h an o l  as a s u b s t r a t e ~ .  Studies  on liver 
peroxisomes  revealed t h a t  fo rma ldehyde  and  formia te  
were also pe rox ida t ive ly  metabol ized  5. I t  is no t  ye t  
clear w h e t h e r  these  react ions  p lay  a role in yeas t  me t ab -  
olism. 

Though  the  significance of microbodies  in yeas t  has  
still to be elucidated,  bo th  alkane-  and me thano l -  
ass imila t ing yeas ts  offer oppor tun i t i e s  for s tudy ing  th is  
in t r iguing phenomenon .  

Zusammen/assung. In  auf  Methanol  gewachsenen  
Zellen yon Piehia pastoris wurden  in <~Microbodies~> oder  
Pe rox i somen  nach  F ix ie rung  mi t  P a r a f o r m a l d e h y d /  
Glu ta ra ldehyd  kris tal l ine S t ruk tu ren  beobach te t .  
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Act iv i t6  a n t i m i c r o b i e n n e  de Candida hordei  DE MIRANDA et  DIEM 

A n t i m i c r o b i a l  Act iv i ty  of Candida hordei DE MIRANDA and DIEM 

L ' a p t i t u d e  g produire  des an t ib io t iques  est  r a r e m e n t  
observ6e chez les levures. Au cours de nos recherches  sur 
les microorganismes  de la phyl losph6re  de l 'Orge, nous 
avons  n~anmoins  constat~ que les cul tures  de Candida 
hordei, une levure r6cemment  d6crite par  DE MIRANDA et 
DIEM 1, 6ta lent  capables  d ' i nh ibe r  la croissance de divers 
bact6ries  et  champignons .  Cette  note  r appor t e  les pre- 
miers  rdsul ta ts  de nos t r a v a u x  sur ce phdnom~ne.  

Matdriel et mdthodes. L'ac t iv i t6  an t imic rob ienne  de C. 
hordei est  d ' abo rd  raise en 6vidence par  la m6thode  
classique des stries. A l 'a ide d 'une  suspension de spores 
de Colletotrichum graminicola (Ces.) Wilson et  de divers  
au t res  mieroorganismes  unicel lulaires  (Figure 1), on 

t race  des str ies pe rpend icu la i r emen t  g des cul tures  de 
C. hordei g~g6es de 3, 5 et  8 jours  e t  ob tenues  sur  le milieu 
ci-dessous:  glucose, 20 g; asparagine,  1,5 g; KH2PO ~, 0,5 
g; K~HPO~, 0,5 g; MgSO 4, 7 HeO, 0,5 g; KC1, 0,5 g; 
ex t ra i t  de levure, 1 g; gdlose, 15 g; eau, 1 l i tre;  p H  ajust~ 
6. Apr~s 12 h d ' incuba t ion ,  le nombre  de spores germ~es de 
C. graminicola est  6valu6 d i r ec t emen t  au microscope l and i s  
que, pour  les microorganismes  unicellulaires,  l ' inh ib i t ion  
de leur croissance est  enregistr~e apr~s 3 jours d ' i ncuba -  
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apporter des corrections "l cette note. 


