
D e p a rtm e n t o f  H isto lo g y  and  E m b ry o lo g y , U n iv e rs ity  M edical School, B u d a p es t
(D irec to r: P ro f. I .  TÖRŐ)

STUDIES ON FEEDING AND DIGESTION IN PROTOZOA 
II. FOOD VACUOLE CYCLE IN TETRAHYMENA

CORLISSI
M . M Ü LLER  a n d  P . R Ö H L IC H  

(R eceived  J u ly  16, 1960)

In tro d u c tio n

H olozoic  feed ing , i. e. in ta k e  a n d  in tra c e llu la r  d igestion  o f p a r tic u la te  
food, liv in g  o rgan ism s or non  liv ing  m a te r ia l, is com m on am ong  th e  p ro to zo a . 
O ur know ledge of th is  process as show n b y  th e  th o ro u g h  review  o f K i t c h i n g  [5], 
is r a th e r  in co m p le te  an d  sc a n ty  in  co m p ariso n  to  th e  ra p id  p ro g ress  m ad e  in  
sev era l o th e r  fie ld s  o f p ro to zo an  ph y sio lo g y  in  th e  la s t tw o  d ecades. A m ong 
o th e rs  th e  absence o f p ap ers  concern ing  th e  e lec tro n  m icroscopy  o f th e  p ro to 
zoan  d igestio n  is a p p a re n t. R ecen t p a p e rs  o n  th e  fin e  s tru c tu re  o f  p ro to zo a  
c o n ta in  m ic ro g rap h s revea ling  d e ta ils  o f  food  vacuoles in  sev e ra l g roups 
(R h izo p o d a  [1, 4 , 7, 15], Sporozoa [19, 2 0 ], C ilia ta  [16] etc .) b u t  o n ly  one 
com p reh en siv e  p a p e r  has com e to  o u r a t te n t io n  w hich discusses th e  com plete  
food v acuo le  cycle [17, 18]. This w ork  on  P elom yxa  em phasizes th e  chan g es in  
th e  food  organ ism s ( P aram ecium  or T etrahym ena)  an d  in  th e  m e m b ra n e  o f th e  
food vacuo le .

F o r som e y ea rs  we h av e  been  s tu d y in g  ce rta in  aspects  o f  p ro to zo an  
d igestio n  w ith  th e  p r im a ry  aim  to  o b ta in  in fo rm a tio n  on th e  m ech an ism  of 
in tra c e llu la r  b reak d o w n  o f th e  m a te ria ls  in g e s te d  [11, 1 2 ,1 4 ] .T h e  h is to p h ag o u s  
Tetrahym ena corlissi [21] p roved  to  be  a fav o u rab le  organ ism  in  th is  w ork. 
T h e  food in ta k e  a n d  d igestion  in  h is to p h ag o u s  cilia tes has no t b een  d iscussed  in  
th e  l i te ra tu re  in  sp ite  o f th e  g rea t possib ilities  th e y  offer in  th e  s tu d y  of 
p ro to z o a n  feed ing  [9]. W e h av e  been  s tu d y in g  th e se  processes b o th  b y  lig h t and  
e lec tro n  m icroscopy . In  th e  p resen t p a p e r  o n ly  th e  elec tron  m icroscop ic  d a ta  
w ill be p re sen ted . L ig h t m icroscopic f in d in g s  an d  a general d iscussion  w ill be 
p re sen ted  in  a fo rth co m in g  p u b lica tio n . A s h o r t  a b s tra c t o f th is  w o rk  h as  been  
re p o r te d  elsew here [13].

Materials and preparation
Tetrahym ena corlissi T h o m p s o n , s tra in  W 1 h a s  b een  c u ltiv a ted  a x en ica lly  in  a  so lu tio n  

o f follow ing co m position : B acto -T ry p to n e  (D ifco) — 1 % , B acto  Y e a s te x tra c t (D ifco )2 — 0 ,05% . 
H e a v y  c u ltu re s  w ere h a rv e s te d  b y  a h a n d  d riv en  c en trifu g e  an d  tw ice w ashed  p r io r  to  feed ing  
in  P re sc o tt  so lu tion .

1 O b ta in e d  th ro u g h  th e  co u rte sy  of D r. J .  O. C o r l is s  o f Illinois U n iv e rs ity , U rb a n a ,
111., U .S .A .

2 K in d ly  su p p lied  b y  Difco Co., Inc .
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T h e  w a s h e d  i n d i v i d u a l s  w e r e  b e i n g  f e d  o n  f r e s h  f r o z e n  s e c t i o n s  o f  r a t  o r  m o u s e  s p l e e n  
f o r  d i f f e r e n t  t i m e s  ( 3 0  m i n u t e s  t o  4  h o u r s ) .  S o m e  s a m p l e s  w e r e  s t a r v e d  a f t e r  a  f e e d i n g  o f  
3 0 — 6 0  m i n u t e s .  U n f e d  a n d  f e d  s a m p l e s  a s  w e l l  a s  i n d i v i d u a l s  s t a r v e d  a f t e r  f e e d i n g  w e r e  
f i x e d  i n  b u f f e r e d  o s m i c  a c i d  a c c o r d i n g  t o  P a l a d e . T h e  o r g a n i s m s  w e r e  d e h y d r a t e d ,  i n f i l t r a t e d  
a n d  e m b e d d e d  i n  m e t h a c r y l a t e .  A l l  s t e p s  w e r e  p e r f o r m e d  i n  c o n i c a l  c e n t r i f u g e  t u b e s .  T h e  
e a r l y  p h a s e s  o f  i n g e s t i o n  w e r e  s t u d i e d  i n  a n i m a l s  f i x e d  w h i l e  f e e d i n g  a n d  e m b e d d e d  t o g e t h e r  
w i t h  t h e  f o o d .  T h i n  s e c t i o n s  w e r e  c u t  o n  a  P o r t e r - B I u m  m i c r o t o m e  a n d  e x a m i n e d  w i t h  a  
T e s l a  e l e c t r o n  m i c r o s c o p e  u s i n g  a  6 0  k V  b e a m .

O bservations

T . corlissi read ily  an d  ra p id ly  in g ests  m am m alian  tissues, e.g. 
sp leen  sec tio n s. T h is re su lts  in  th e  ra p id  fo rm a tio n  of num erous food 
vacu o les . A ll th e  an im als fix ed  a t  d iffe ren t tim es , w ith  th e  ex cep tio n  of 
th e  e a r ly  m o m en ts , co n ta in  vacuo les in  d iffe ren t phases  of d igestion . T h u s  a 
c ritic a l tim in g  cou ld  n o t be ach ieved  an d  th e  food  vacuole  cycle w as re c o n 
s tru c te d  on  th e  basis  o f th e  re la tiv e  frequencies o f  th e  d ifferen t v acu o la r  ty p e s  
in th e  d iffe re n t sam ples.

S tructure  o f  the mouth p a rts3 p a rtic ipa ting  in food vacuole fo rm a tio n . T he  
c ilia ted  b u c c a l c a v ity  (Figs. 1 an d  2, BC) ends in  a n a rro w  opening, th e  cy to - 
sto m e (F ig s . 1 an d  2, CS). T h is v e ry  conspicuous s tru c tu re  is form ed b y  r id g e 
like p ro to p la sm ic  processes. T he pellicle o f th e  b u cca l c av ity  does n o t  end  
a b ru p t ly  a t  th e  leve l o f th e  cy to s to m e  b u t  co n tin u es  on th e  v acu o la r side o f  th e  
ridge (F ig . 2, P ). S everal fib rils  or tu b u la r  s tru c tu re s  s tren g th en  th is  area  
(F igs. 1 a n d  2, F) w hich is m ost p ro b a b ly  id e n tic a l w ith  the c y to p h a ry n x . 
T he n ew ly  fo rm ed  food vacuo le , i.e. th e  in g es tio n  vacuole  follows d is ta lly  
(F igs. 1 a n d  2, IV) lim ited  b y  a th in  m em b ran e  (F ig . 2, VM).

Contents o f  fo o d  vacuoles. T he  v e ry  la rg e  in g es tio n  vacuoles (F igs. 1 an d  
2, IV) c o n ta in  m ore or less g ra n u la r-f ib rilla r  m a te r ia l  even ly  d is tr ib u te d  in  th e ir  
lu m en . T h e  space  b e tw een  th e  in d iv id u a l p a rtic le s  seem s em p ty . In  no in s tan ces  
are tra c e s  o f  th e  orig inal s tru c tu re  o f th e  in g e s te d  tissu es  discernible in  th e se  
vacuo les.

T h e  g re a t m a jo r ity  o f th e  d igestion  vacuo les is filled w ith  a hom ogeneous 
d a rk  m a te r ia l  (F ig . 3), a co n d en sa tio n  an d  d e h y d ra tio n  p ro d u c t o f th e  c o n te n t 
o f th e  in g e s tio n  vacuo les. In  la te r  vacuoles th e  hom ogeneous m ass b re a k s  up 
in to  d a rk  g ran u les  an d  a t  th e  sam e tim e  in te rg ra n u la r  spaces re a p p e a r  (F igs. 
3 a n d  7). T hese  g ranu les d isap p ea r also from  th e  o lder vacuoles an d  leav e  
b eh in d  n o th in g  b u t  a fine ly  d ispersed , lig h t, f ila m e n to u s  g ran u la r m a te r ia l 
(F igs. 5, 6 a n d  8, DV).

V acuolar membrane. A ll food vacuoles a re  su rro u n d ed  b y  a sm o o th  
v a c u o la r  m e m b ra n e  (Figs. 1 to  8, VM) d isp lay in g  id en tica l fine  s tru c tu re  in 
ea rly  a n d  la te  vacuo les. In  som e m icrog raphs (F ig . 7, in sert) its  doub leness is

3 I n  t h e  n a m in g  o f  m o u th  p a r t s  th e  u sa g e  r e c o m m e n d e d  b y  CORLISS [2] h a s b e e n  fo llo w e d .
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F ig . 1. L o n g i t u d i n a l  s e c t i o n  t h r o u g h  m o u t h  a r e a  o f  T e tra h y m e n a  c o r lissi.  T h e  c i l i a t e d  b u c c a l  
c a v i t y  ( B C )  a n d  t h e  i n g e s t i o n  v a c u o l e  ( I V )  a r e  s e p a r a t e d  b y  t h e  c y t o s t o m e  (C S ) .  N o t e  t h e  
o b l i q u e  s e c t i o n s  ( F )  o f  f i b r i l s  o r  t u b u l a r  s t r u c t u r e s  r i g h t  o f  t h e  l a t t e r .  T h e  i n g e s t i o n  v a c u o l e  

( I V )  c o n t a i n s  g r a n u l a r  m a t e r i a l .  X  1 4 .5 0 0
F ig. 2. A  s i m i l a r  s e c t i o n  o f  T . c o r lis s i.  T h e  p e l l i c l e  ( P )  o f  t h e  b u c c a l  c a v i t y  ( B C )  s h o r t l y  c o n 
t i n u e s  o n  t h e  r i g h t  s i d e  o f  t h e  c y s t o s t o m e  (C S ) .  T h e  d a r k  r o u n d  s t r u c t u r e s  ( F )  a r e  p o s s i b l y  
i d e n t i c a l  w i t h  t h e  f i b r i l s  ( F )  i n  F i g .  1 . V M  —  m e m b r a n e  o f  t h e  i n g e s t i o n  v a c u o l e  ( I V )  c o n t a i n i n g

le s s  g r a n u l a r  m a t e r i a l .  X  2 4 .0 0 0
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F ig . 3. S e c t i o n  o f  d i g e s t i o n  v a c u o l e  ( D V )  i n  i t s  m o s t  c o m p a c t  f o r m .  X 4 4 . 0 0 0  
F ig .  4 .  D i g e s t i o n  v a c u o l e  ( D V )  c o n t a i n i n g  l a r g e  d e n s e  g r a n u l e s .  N o t e  t h e  d i s t i n c t  v a c u o l a r

m e m b r a n e  ( V M ) .  X 1 9 .2 0 0
F ig .  5 .  F o o d  v a c u o l e  ( D V )  w i t h  d a r k ,  g r a n u l a r  a n d  l i g h t ,  m o r e  f i b r i l l a r ,  c o n t e n t .  E n d o p l a s m i c  

r e t i c u l u m  ( E R )  i s  a d h e r i n g  t h e  v a c u o l e  m e m b r a n e  (V M ) .  X 1 5 .7 5 0  
F ig .  6 . D i g e s t i o n  v a c u o l e  ( D V )  i n  a  l a t e r  p h a s e  o f  d i g e s t i o n .  M  —  m i t o c h o n d r i a .  X 3 6 .0 0 0
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F ig . 7. L a t e  d i g e s t i o n  v a c u o l e  ( D V )  w i t h  d e n s e  g r a n u l a r  c o n t e n t .  T h e  c y t o p l a s m  c o n t a i n s  
s e v e r a l  s m a l l  v a c u o l e s  ( S V ) ,  s o m e  o f  w h i c h  w i t h  p a r t i c u l a t e  m a t e r i a l  ( S V * ) .  A t  P V  t h e  m e m b r a n e  

f o r m s  a  s m a l l  v a c u o l e  b y  p i n o c y t o s i s .  X 4 9 .6 0 0  
I n s e r t .  H i g h e r  m a g n i f i c a t i o n  o f  p i n o c y t o t i c  a r e a  ( P V ) .  A r r o w  p o i n t s  t o  d o u b l e  v a c u o l a r

m e m b r a n e .  X 8 8 .0 0 0

1 3  Acta Morphologies X /2—4.
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F ig . 8 .  L a t e  d i g e s t i o n  v a c u o l e  ( D V ) .  P i n o c y t o t i c  f o r m a t i o n  ( P Y )  o f  s m a l l  v e s i c l e s  ( S V )  s o m e  
o f  w h i c h  c o n t a i n  p a r t i c l e s .  X  4 6 .5 0 0

F ig .  9 .  S u r f a c e  a r e a  o f  T . c o r lis s i  r e p r e s e n t i n g  a  s t r u c t u r e  ( C P )  p o s s i b l y  i d e n t i c a l  w i t h  t h e
c y t o p r o c t .  X  1 5 .0 0 0



STUDIES ON FEEDING AND DIGESTION IN PROTOZOA 3 0 3

conspicuous. T his m em b ran e  does n o t show  in  th e  m ost dense e a r ly  vacuo les 
because  it  is c lo se-fitting  to  th e  food m ass (F ig . 3). The m em b ran e  o f  th e  la te  
vacuoles co n ta in in g  dense g ranu les or f ib r illa r  m a te ria l has an  a p p e a ra n c e  
w hich  suggests th e  in v o lv em en t o f in tra c e llu la r  p inocy tosis. Sm all vacuo les 
are  observed  closely assoc ia ted  w ith  th e  m em b ran e  (F igs. 7 an d  8, SV). W hile 
som e o f th em  co n ta in  no  v isib le  s tru c tu re s , o thers are  filled  wri th  g ran u les  
(F ig . 7, SV*). H ere  an d  th e re  th e  vesicles are  connected  w ith  th e  food 
v acuo le  (F igs. 7 and  8, PV) b u d d in g  o ff from  it .  M ost p ro b a b ly  th e  m e m b ra n e  
o f th e  sm all vacuoles is a d e riv a tiv e  o f  th e  food vacuole m e m b ra n e .

Cytoproct. In  som e m icrog raphs (F ig . 9, CP) po in ts  o f  th e  a n im a l’s 
su rface  are  to  be found  w here a la rge  vacu o le  w ith  f ib rilla r m a te r ia l  adheres 
to  th e  surface pellicle. T his p o in t is p e rh ap s  th e  cy to p ro c t b u t  w e c a n n o t y e t 
exclude  th e  possib ility  th a t  i t  re p re se n ts  th e  co n trac tile  v acu o le  p o re . To 
d iffe re n tia te  th ese  s tru c tu re s  fu r th e r  in v es tig a tio n s  are  req u ired .

D iscussion

M icrographs o f th e  m o u th  p a r ts  could  n o t be ta k e n  in  su ffic ien t n u m b e r  to  
o b ta in  a c lear p ic tu re  o f th e ir  o rg a n isa tio n . A ll ty p ic a l p a r ts  [2, 3] o f 
a h y m enostom e m o u th , i. e. bucca l c a v ity , cy to sto m e  and  c y to p h a ry n x  hav e , 
how ever, been found . A t th e  level o f th e  c y to p h a ry n x  fib rils  or tu b u la r  s tru c 
tu re s  are  conspicuous w hich  m ay  be id en tica l w ith  th e  p h ary n g ea l f ib r ils  seen 
in  s ilver p re p a ra tio n s  [3] an d  w ith  th e  fan  o f fib res described  b y  M e t z  an d  
W e s t f a l l  [8]. N o s tru c tu ra l de ta ils  h av e  b een  found  w hich w ould  a c c o u n t for 
th e  pecu lia r feeding m echan ism . As in  o th e r  Telrahym ena  species, th e  feed ing  
o f  T . corlissi can  only be  accom plished  in  a “ S tru d le r”  m ode w hich  n ecess ita te s  
th e  ex tra c e llu la r  b reak in g  dow n of tissues p rio r  to  ingestion . A n e x tra c e llu la r  
g e la tin ase  m ay  p lay  a d e fin ite  role in  th is  p rocess [10].

T his view  is fu r th e r  su p p o rte d  b y  th e  fa c t th a t  no orig inal s t r u c tu r e  of 
th e  food is p reserved  even in  v e ry  e a rly  ingestion  vacuo les. T h e ir  co n 
te n t  is rep resen ted  b y  irreg u la r f ib r illa r-g ra n u la r  m a te ria l. T h ese  p a rtic le s  
a re  p ro b a b ly  th e  p ro d u c ts  o f th e  assum ed  ex trace llu la r  “ p re d ig e s tio n ” . T h ey  
a re  ab so rb ed  to g e th e r w ith  a considerab le  a m o u n t of w a te r, th u s  fo rm in g  th e  
r a th e r  large ingestion  vacuoles.

T he ingestion  vacuoles are  ra p id ly  tran sfo rm ed  in to  e a rly  d igestio n  
vacuo les found  in  g rea t n u m b er in  all in d iv id u a ls  excep t th o se  s ta rv e d  fo r a 
lo n g er tim e . T he change is accom plished  b y  th e  d eh y d ra tio n  a n d  c o n d e n sa tio n  
o f  th e  c o n te n t. T he early  vacuoles are  filled  w ith  a d a rk , hom ogeneous m a te r ia l. 
T h e  d isap p earan ce  o f d iscern ib le  s tru c tu re s  d u rin g  early  d ig estio n  h as  b een  
n o te d  also in  lig h t m icroscopical w ork  on  A m oeba proteus [11, 12]. A tta c k e d  
b y  d igestive  flu id s  th is  m a te ria l is b ro k en  dow n in to  d a rk , r a th e r  la rg e  g ran u les ,

13
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a p ro cess  accom panied  b y  th e  reh y d ra tio n  o f th e  v acu o le , an d  la te r  in to  fin e ly  
d isp e rsed , filam en to u s m a te r ia l .  The la t te r  is to  b e  fo u n d  in  th e  la te  vacuo les. 
N o l ig h t am orphous m ass h a s  been  found a d h e rin g  to  th e  la te  vacuole m em b ran e  
w h ic h  is regarded  as a d ig e s tio n  p roduc t b y  som e a u th o rs  [7, 15]. T he changes 
o b se rv e d  clearly p o in t to  th e  ro le of de- and  re h y d ra tio n  an d  th e  p ro d u c tio n  of 
d ig e s tiv e  enzym es in  th e  d igestio n  of th e  food  p ra tic le s  [18]. T he d ecreasing  
a m o u n t  o f m ateria l in  th e  v acuo les is ex p la ined  b y  th e  in ta k e  of d igestion  p ro 
d u c ts  in  th e  cy to p lasm .

T h e  vacuole m e m b ra n e  is a d e riv a tiv e  o f  th e  m o u th  p a rts . As to  th e  
m o d e  o f its  fo rm a tio n  n o th in g  defin ite  can  b e  sa id  as y e t. W e m ay , how ever, 
a s su m e  th a t  the  d e p th  o f  th e  m ou th  is lim ite d  b y  an  u n d iffe ren tia ted  p lasm a  
m e m b ra n e  w hich p ro d u c e s  th e  vacuo lar w all b y  e x te n s io n  an d  co n stric tio n  [6]. 
M o st au th o rs  [4, 7, 15, 16, e tc .] do n o t d if fe re n tia te  a f in e r  su b s tru c tu re  in  
th i s  m em brane an d  re g a rd  i t  as single la y e re d . R u d z i n s k a  and  T r ä g e r  [20] 
fo u n d  a double m e m b ra n e  a round  the  food vacu o les  in  P lasm odium  berghei. 
I n  som e of our m ic ro g ra p h s  th e  wall ap p ea red  d oub le .

T he m em brane  su rro u n d in g  th e  ea rly  v acu o les  is sm oo th  or w av y  w ith 
o u t  an y  in d ica tio n  o f  g re a te r  a c tiv ity  [18].  T h e  la te  vacuoles c o n ta in in g  
g ra n u la r-f ib r illa r  m a te r ia l  h a v e  a m em brane e x h ib itin g  an  in tense  p in o cy to tic  
a c t iv i ty .  R egard ing  th is  p h en o m en o n  we m a y  a c c e p t th e  view  of R o t h  [18] 
t h a t  th e  resu lts of th is  p ro cess  are th e  m o d ific a tio n  o f th e  vacuo la r m em b ran e  
a n d  th e  increased su rface  a re a  for d iffusion. T h u s  th e  b en e fit derived  b y  th e  
o rg a n ism  from  th is  p ro cess  is chiefly  th e  ra p id  u p ta k e  o f  d igestion  p ro d u c ts .

Sum m ary

A x e n i c a l l y  g r o w n  T e tr a h y m e n a  corlissi c e l l s  r e a d i l y  i n g e s t  m a m m a l i a n  t i s s u e s ,  e. g. 
s p l e e n .  T h e  i n g e s t i o n  a n d  d i g e s t i v e  v a c u o l e s  a r e  s u r r o u n d e d  b y  a  ( d o u b l e )  m e m b r a n e  7 5  Â U  
i n  t h i c k n e s s ,  d i f f e r i n g  f r o m  t h e  d i f f e r e n t i a t e d  c e l l  m e m b r a n e .  T h e  o r i g i n a l  s t r u c t u r e  o f  t h e  
i n g e s t e d  t i s s u e s  i s  u n r e c o g n i s a b l e ,  a  f a c t  p o i n t i n g  t o  a  c e r t a i n  e x t r a c e l l u l a r  ’’p r e d i g e s t i o n ” . 
T h e  e a r l y  i n g e s t i o n  v a c u o l e s  c o n t a i n  g r a n u l a r  m a t e r i a l ,  r a p i d l y  c o n d e n s a t e d  t o  a  d a r k  h o m o 
g e n e o u s  m a s s .  L a t e r  t h e  v a c u o l e  w a l l s  a r e  l i f t e d  f r o m  t h e  d a r k  v a c u o l a r  c o n t e n t .  T h e  l a t t e r  
s l o w l y  b r e a k s  u p  a n d  t h e n  a l m o s t  d i s a p p e a r s .  A t  t h e  s a m e  t i m e  a  g r e a t  n u m b e r  o f  s m a l l  s e c o n d 
a r y  v a c u o l e s  a r e  b u d d i n g  o f f  f r o m  t h e  w a l l  o f  t h e  d i g e s t i o n  v a c u o l e .  T h i s  p r o c e s s  o f  i n t r a 
c e l l u l a r  p i n o c y t o s i s  m u s t  p l a y  a  p r o m i n e n t  r o l e  i n  t h e  u p t a k e  o f  d i g e s t i o n  p r o d u c t s .
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З А Х В А Т  П И Щ И  И П И Щ Е В А Р Е Н И Е  У  П Р О С Т Е Й Ш И Х  
II. Ц И К Л  П И Щ Е В А Р И Т Е Л Ь Н Ы Х  В А К У О Л Е Й  У T E T R A H Y M E N A  C O R L IS S I

М. М Ю ЛЛЕР и П. Р Е Л И Х

А к сен и ч еск ая  T e tra h y m e n a  corlissi о х о т н о  загл аты в ает  ткани м л ек о п и т а ю щ и х , 
н а п р . селезен оч н ую  т к а н ь . Захваты ватель н ы е и пи щ евари тельны е в ак у о л и  вы стиланы  
тон к ой  (7 5  Â) дв о й н о й  оболочкой , и м ею щ ей  и н ую  с т р у к т у р у , чем д и ф ф ер ен ц и 
р о в а н н а я  пелли к ула. П ищ евой  м атериал т е р я е т  и с х о д н у ю  с т р у к т у р у  у ж е  к  м ом ен ту  
за гл аты в ан и я . Этот ф акт, вероятно, о б ъ я сн я ет с я  известны м  внеклеточны м «п р едп ер евар и -  
ванием ». Р анни е в а к у о л и  зап олнены  зер н и сты м  вещ еством , которое бы стро к о н д ен си 
р у е т ся  и превращ ается в гом огенн ую  т ем н ую  м а с су . С тенки вакуол и  потом о т д а л я ю т ся  от  
эт о й  м ассы , который п о степ ен н о  р азр ы хл я ет  и почти п ол ностью  исчезает. О дн ов р ем ен н о  
отш н уровы ваю тся м н огочи сленн ы е м елк и е вторичны е в а к у о л и  от стенки п и щ ев а р и т ел ь 
ной  в а к у о л и . Этот п р о ц есс  вн утр и к л еточ н ого  п и н оц и тоза  и гр ает , наверн о, б о л ь ш у ю  роль  
в д е л е  всасы вания п р о д у к т о в  п ер ев а р и в а н и я .

Ü B E R  D IE  N A H R U N G S A U F N A H M E  U N D  V E R D A U U N G  B E I D E N  P R O T O Z O E N  
I I .  Z Y K L U S  D E R  V E R D A U U N G S V A K U O L E N  VON T E T R A H Y M E N A  C O R L IS S I

M. Mü l l e r  und p. r ö h l ic h

A xenisch  g e zü c h te te  Tetrahym ena corlissi n im m t Säugetie rgew ebe , z. B . M ilzgew ebe 
se h r le ic h t auf. Die E in v erle ib u n g s- und  V e rd au u n g sv ak u o le n  sind  von  e inem  75 À d ick en  
(d o p p e lten )  H äu tch en  um g eg eb en , dessen S t r u k tu r  v o n  dem  A u fb au  der d iffe re n z ie rte n  Zell
m e m b ra n  abw eicht. D as N ah ru n g sm ate ria l h a t  seine u rsp rü n g lich e  S tru k tu r  sch o n  z u r  Z eit 
des E in v erle ib en s v e rlo ren , was w ahrschein lich  m it e in e r b e s tim m te n  e x tra z e llu lä re n  »V or
v e rd au u n g «  zu e rk lä ren  is t .  D ie V akuolen  s in d  z u e rs t  v o n  g ran u lä rem  M ate ria l au sg e fü llt, 
w elches schnell in eine hom ogene  dunkle  M asse k o n d e n s ie rt w ird . Die V ak u o len w än d e  h eb en  
sich  sp ä te r  von der d u n k le n  Masse ab, w elche sich  a llm äh lich  a u flo c k ert u n d  f a s t  v o lls tä n d ig  
v e rsch w in d e t. G leichzeitig  sc h n ü rt sich t e in e  g roße  A n zah l v o n  k leinen V ak u o len  v o n  de r 
W an d  d e r  V erd au u n g sv ak u o le  ab. D iesem  V o rg an g  d e r in tra ze llu lä ren  P in o zy to se  k o m m t 
w ah rsch ein lich  eine fü h re n d e  Rolle in d e r  A u fn ah m e  d e r V e rd au u n g sp ro d u k te  zu.

D r. Miklós Müller  
D r. Pál Röhlich

B u d ap est IX . T ű zo ltó  u. 58. H u n g a ry
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