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Ultrastructural  Local izat ion  of Acid P h o s p h a t a s e  in the Yeast  Cryptococcus neo]ormans 

Cryptococcus neo/ormans is a large-sized (30-70 tx) yeas t ,  
enveloped by  a po lysacchar ide  capsule, which  reproduces  
by  b u d d i n g L  Al though  general ly  saprophyt ic ,  C. neo- 
[ormans is capable  of infect ing h u m a n s  or animals  suffer- 
ing from a debi l i ta t ing  disease;  hence, hos t  defence  
mechan i sms  agains t  the  yeas t  are being s tudied  in var ious  
laborator ies  2-4. Recent ly ,  the  u l t ras t ruc tu re  of C. neo- 
[ormans was descr ibed in a s tudy  by  EDWARDS et al. ~, in 
which the  following organelles were ident i f ied:  t he  
nucleus wi th  i ts  envelope,  mi tochondr ia ,  smoo th  endo- 
p lasmic  ret iculum, r ibosomes,  s torage granules and  
vacuoles;  lysosomes,  however ,  were not  descr ibed in th is  
paper .  Since there  is an increasing in teres t  in lysosomes,  
and  in the  local izat ion of hydro ly t ic  enzymes  in p lan ts  and  
yeas ts  6, i t  was decided to  app ly  cy tochemica l  me thod s  on 
the  u l t r a s t ruc tu ra l  level in s t udy ing  these  quest ions  in the  
yeas t  C. neo[ormans. 

C. neo[ormans was grown in a LITTMAN and  TSUBURA 7 
med ium for 6 h a t  28 ~ followed by  18 h incuba t ion  a t  
37~ The yeas t  cells were centr i fuged,  and f ixed for 
15 rain wi th  2 % g lu ta ra ldehyde  in 0.1 M cacodyla te  buffer  
a t  p H  7.2; t h e y  were then  washed in 0.252]d r buffered  
sucrose solut ion and  suspended  in a modif ied  Gomori  in- 
cuba t ion  m ed ium for f i -glycerophosphatase  ac t iv i ty  s. The 
cells were i ncuba ted  for 10-60 min at  room tempera tu re ,  
t hen  washed,  pos t - f ixed in OsO 4 and  e m b e d d e d  in 
Araldite.  U l t r a t h i n  sect ions were viewed ei ther  uns ta ined  
or s ta ined  wi th  uranyl  ace ta te  th rough  an E M U  3G RCA 
electron microscope.  In  control  exper iments ,  sod ium 
fluoride (0.01M) was added  to the  incubat ion  medium.  

Al though grown in a d i f ferent  medium,  the  cryptococci  
showed the  sanle morphologica l  features  which have  been  
described by  EDWARDS et al. ~. However ,  the  vacuoles 
were no t  weI1 preserved  - a p rob lem al ready known from 
the  l i te ra ture  '~. 

W h e n  tes ted  for demons t r a t i on  of ~-glycerophosphatase ,  
yeas ts  wi th  a wel l -preserved cell m e m b r a n e  showed nega- 
t ive  or only s l ight ly posi t ive  ac t iv i ty  (Figure 1). On the  
o ther  hand,  deposi ts  of the  react ion produc t  were found in 
the vacuoles, main ly  ad jacen t  to the  per iphery,  in a l l  those 
cryptococci  which showed signs of damage  in the  cell 

m e m b r a n e  (Figure 2). These f indings suggest  t h a t  a well- 
preserved  p lasma  m e m b r a n e  p reven t s  p e n e t r a t i o n  of t he  
subs t ra te ,  and  the  even tua l  depos i t ing  of lead 9. No re- 
act ion was observed in organelles o ther  t h a n  the  vacuoles.  
In  contro l  exper iments ,  the  react ion was inhibi ted  by  
sodium fluoride. 

Lysosomal- l ike  s t ruc tures  in p lan t  cells and yeas ts  con- 
s t i tu te  a subjec t  widely  discussed in the  l i te ra ture  6. In  
recent  work,  vacuoles of yeas t  and  p l an t  cells are in- 
creasingly coming to be regarded as organelles correspond-  
ing to lysosomes of an imal  cells. Using hiseochemical  
methods ,  P o u x  ~~ has  shown t h a t  vacuoles of whea t  
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Fig. 1. Intact Cryptococcus neo]ormans incubated for 30 rain in 
Gomori medium to demonstrate /~-glycerophosphatase activity. A 
very small deposit of lead (arrows) is seen in the lysosomal vacuole 
(LV). N, nucleus; M, mitochondria. • 25,000. 

Fig. 2. fl-glycerophosphatase activity in lysosomal vacuoles (LV) 
of Cryptococcus neo/ormans incubated for 30 min in the Gomori 
medium. Signs of damage to the cell membrane are visible. Uranyl- 
acetate stained preparation. • 20,000. 
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e m b r y o s  and  a leu rone  vacuoles  con t a in  acid phospha t a s e .  
S imi la r  resul t s  were s h o w n  b y  BRANDES and  BERTIN112 in 
a u t o p h a g i c  vacuoles  of s t a r v i n g  Euglena .  F r a c t i o n a t i o n  of 
vacuoles  f rom yeas t  p ro top l a s t s  h a v e  shown  a v e r y  h i g h  
specific a c t i v i t y  of lysosomal  enzymes6,13. The  l a t t e r  re- 
sul ts  i nd i ca t e  t h a t  t he  vacuoles  are  t h e  on ly  source of 
lysosomal  enzymes  w i t h i n  t he  yeas t  cells. The  resul t s  g iven  
in t h e  p r e s e n t  c o m m u n i c a t i o n  also f a v o u r  t he  n o t i o n  t h a t  
t he  vacuoles  are  t he  si te  of lysosomal  e n z y m e  ac t iv i ty .  

Rdsumd. La  loca l i sa t ion  de la p h o s p h a t a s e - a c i d e  dans  
la l evure  Cryptococcus neo/ormans est  6tudi6e ici p a r  des 
m 6 t h o d e s  c y t o c h i m i q u e s  au n iveau  u l t r a s t r u c t u r a l .  On  a 
t r o u v 6  que  l ' e n z y m e  se c o n c e n t r a i t  e x c l u s i v e m e n t  darts 
les vacuoles,  ce qui  s ' accorde  avec  les r6su l ta t s  que  

d ' a u t r e s  a u t e u r s  o n t  o b t e n u s  sur  la loca l i sa t ion  de 
l ' e n z y m e  dans  les cellules v6g6tales.  
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A n t i - G a s t r i n  I m m u n o f l u o r e s c e n c e  in the  Sk in  of Hyla crepitans and the  C y t o c h e m i s t r y  of the Cells  
Invo lved  

I n  1966 ERSPAMER et  al. 1 r epo r t ed  on  t h e  presence  of a 
p o l y p e p t i d e  in t he  sk in  of A u s t r a l i a n  a n d  S o u t h  A m e r i c a n  
t ree  frogs, especial ly  Hyla caerulea. T h e y  sugges ted  t h e  
n a m e  caeru le in  for t he  new p r o d u c t  a n d  descr ibed  i ts  
effects  as well  as i ts  chemica l  s t ruc ture .  A m o s t  i m p o r t a n t  
obse rva t ion ,  b y  t he  same  group  of workers  2, was t he  rec- 
ogn i t ion  t h a t  t h e  amino-ac id  sequence  of a po r t i on  of t h e  
new decapep t i de  was iden t ica l  w i t h  t h a t  of a cor respond-  
ing po r t i on  of t h e  gas t r in  molecule.  Con f i rma t ion  of th i s  
o b s e r v a t i o n  ha s  come f rom the  i m m u n o c h e m i c a l  s tud ies  
of McGuIGAN 3. 

Because  of our  i n t e r e s t  in po lypep t ide - sec re t ing  endo-  
cr ine  cells, especial ly  those  be long ing  to  the  A P U D  
series 4-7, our  a t t e n t i o n  was d r a w n  to  th i s  new discovery.  
W e  r e p o r t  here  t h e  resul t s  of i n lmunof luo rescence  s tud ies  
on  t he  skin  of a S o u t h  A m e r i c a n  t ree-f rog Hyla crepitans, 
a n d  on  t he  chief  cy tochemica l  charac te r i s t i c s  of t h e  cells 
g iv ing  pos i t ive  imnlunof luorescence  w i t h  a n t i - g a s t r i n  
sera.  

Sk in  f rom t h e  v e n t r a l  a n d  dorsa l  surface  of Hyla 
crepitans was s tudied .  The  m a t e r i a l  was  processed as 
follows: (1) Smal l  po r t i ons  of skin  were  q u e n c h e d  in 
m e l t i n g  A r c t o n  22 (Freon  22) for  (a) c r y o s t a t  sect ions  for  
imn lunof luo rescence  and  e n z y m e  cy tochemis t ry ,  a n d  
(b) f reeze-dry ing  a n d  s u b s e q u e n t  t r e a t m e n t  w i t h  fo rm-  
a l d e h y d e  vapour .  (2) O t h e r  smal l  po r t i ons  of sk in  were 
f ixed in g l u t a r a l d e h y d e  or in  g lu t a r a ldehyde -p i c r i c  ac ids  
for  i n v e s t i g a t i o n  of m a s k e d  m e t a c h r o m a s i a .  (3) Smal l  
b locks  were f ixed in g lu t a r a ldehyde  a n d  e m b e d d e d  in 
E p o n  for e l ec t ron  microscopy.  

A n t i b o d i e s  to  h u m a n  s y n t h e t i c  gas t r i n  I (I.C.I.) were 
p r o d u c e d  b y  r e p e a t e d  i m m u n i z a t i o n  of w h i t e  r a b b i t s  b y  
t h e  p rocedure  of BOYD and  PEARl'9. A n t i s e r u m  o b t a i n e d  
14 days  a f te r  t he  las t  i m m u n i z a t i o n  was passed  t h r o u g h  
a D E A E  S e p h a d e x  co lumn  to o b t a i n  a pu re  IgG f rac t ion .  
N o r m a l  r a b b i t  s e r u m  t r e a t e d  in  t he  s ame  way  was  used 
as a cont ro l .  C ryos t a t  sect ions  (4 ~t), un f i xed  a n d  post -  
f ixed  in  cold fo rmol -ca lc ium,  were used for  ind i rec t  im-  
munof luo rescence  w i t h  label led  goa t  a n t i - r a b b i t  g lobul in  
(Microbiological  Assoc ia t ion  Inc.).  

The  cont ro l s  used were:  (1) f luorescen t  goa t  a n t i - r a b b i t  
igG,  a lone:  (2) n o r m a l  r a b b i t  IgG followed b y  f luorescen t  
a n t i - r a b b i t  I gG;  (3) r a b b i t  a n t i - h u m a n  gas t r in  s e rum a f t e r  
a b s o r p t i o n  w i t h  pur i f ied  h u m a n  gas t r in  I. 

Cy tochemica l  reac t ions  cha rac te r i s t i ca l ly  pos i t ive  in  cells 
of t h e  endoc r ine  p o l y p ep t i d e  (APUD)  series were also 
appl ied.  T h e y  were:  p h o s p h o g l y c e r a t e  dehydrogenase ,  
non-specif ic  chol ines terase ,  non-specif ic  esterase,  m a s k e d  

Fig. i. Skin of Hyla, fresh-frozen cryostat section. Anti-gastrin 
immunofluorescence. Indirect method using rabbit anti-human 
gastrin I and fluorescein-labelled goat anti-rabbit 7-globulin. • 620. 
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