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A n u n d e r s t a n d i n g o f the b io log ica l f u n c t i o n s of the cell presupposes in an e v e r -
increasing degree o f k n o w l e d g e of the s t ruc ture and c h a n g e s of the u l trastructural parts . 
This f o l l o w s f r o m the r e c o g n i z e d and recent ly a l so e x p e r i m e n t a l l y p r o v e d fact that t h e 
energy t r a n s f o r m a t i o n s of l i v i n g sys tems t a k e p l a c e by s tructural , subce l lu lar m e a n s (GREEN, 
1 9 6 1 ) . T h e subce l lu lar part s are o f un iversa l charac ter . S t u d y o f thier s tructure a n d f u n c t i o n s 
is t h e r e f o r e just as i m p o r t a n t in the p r o t o z o a a s in the h igher organisms. But the p r o t o z o a 
are m o r e c o n v e n i e n t t o use in the inves t iga t ions . T h e i r l i f e c y c l e be ing short t h e y are we l l 
suited lor the s t u d y of ce l lu lar o r g a n i z a t i o n , p a r t i c u l a r l y in their c r y p t o b i o t i c state (The 
term is f r o m K E I L I N , 1 9 5 8 , and is used by G R O S S O T I C Z a n d associates , 1 9 6 1 ) . 

This state may o c c u r in m a n y p r o t o z o a o w i n g t o c h a n g e s in the . internal and externa l 
fac tors , w h i c h cause revers ib le c y s t m e n t and p r o f o u n d c h a n g e s in the p r o t o p l a s m , the ul tra-
structure ( D E U T S C H & Z A M A N , 1 9 5 9 , O S A D A , 1 9 3 9 , V I C K F . R M A N , 1 9 6 0 , 1 9 6 2 , B I C Z O K , 1 9 6 1 ) , 

and the b i o l o g i c a l f u n c t i o n s take p lace ( S C H O L A N D E R at al. , 1 9 5 2 , P I G O N , 1 9 5 9 ) . T h e present 
s tudy is an a t t e m p t at c lear ing s o m e o f the p r o b l e m s of ce l lu lar o r g a n i z a t i o n t h r o u g h the 
inves t iga t ion o f these changes . 

M a t e r i a l s a n d M e t h o d s 

T h e species Colpoda fastigata and Platyophrya lata, bred f o r m soil p roved 
very well suited f o r invest igat ion work because inoculated in sterile soil together 
with bacter ia they encyst well in the course of the d ry ing ou t of the soil. In t h e 
soil the cysts m a y remain d o r m a n t fo r long years ( C o l p o d a fastigata could be 
ac t iva ted even a f t e r 8 years) and t h e exper imenta l an imals can easily be 
react ivated f r o m them wi th the help of a sui table cul ture medium (chief ly 
wa te r -d i lu ted ex t rac t of roots) . I t is in teres t ing tha t the cysts in the Pe t r i -
dishes, i ndependen t ly of h o w long they had been in a d r i ed -ou t state, could 
never, wi th any agent , be excysted a f t e r evapora t ion of the cul ture m e d i u m . 
Both species a re modes t , they feed ch ie f ly on bacter ia and are easy t o breed. 
Platyophrya lata is, however , a be t te r mater ia l f o r invest igat ion than t h e 
excellently encyst ing Colpoda fastigata because in the f i rs t the p ro top la sm is 
of a l ighter colour , the wall of t h e cyst capsula is more t rans lucent and even 
the p ro top lasmic part ic les a re more accessible fo r the light microscope. Besides, 
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ind iv idua ls of the species in aging cultures o f t en re turn to the d e v o u r i n g of 
cysts and ac t ive fo rms of the same species, t ha t is, they become canniba l i s t ic . 
T h e p lasmat ic s t ruc ture a n d behaviour of the cannibal is t ic o rganisms d i f f e r , 
accord ing to invest igat ions carr ied ou t so f a r , f r o m the normal . F r o m a k n o w -
ledge of them some conclusions may be d r a w n regard ing cel lular o r g a n i z a t i o n 
of the p ro top la sm in the no rma l forms. An average of 90 per cent of t h e expe-
r imental an imals encyst at room t empera tu re a f t e r 6 to 10 days in an e x t r a c t 
p repa red wi th sliced and dr ied roots of Daucus carota, Cichorium intybus, 
Oenothera biennis in near ly neu t ra l , u n b u f f e r e d t a p w a t e r (15 gr of d r y root 
per 1 I of water ) . E n c y s t m e n t takes place also when the Ci l ia tes a r e washed 
and t r ans fe r r ed f r o m the roo t ex t r ac t in to a C a C l , 0 ,0500 gr, K C 1 0 ,0350 gr, 
N a C l 0 ,1200 gr, M g C l , 0 ,0200 gr, K H „ P 0 4 0 ,0150 gr, F e S 0 4 0 ,0020 g r 1000 
ml of aqua bidest. solut ion. But in these near ly bac t e r i a - f r ee cul tures encys tmen t 
was long d r a w n ou t and the n u m b e r of cysts f o r m e d was c o m p a r a t i v e l y smal ler . 
Cu l tu res of this t y p e were suitable and necessary chief ly fo r vi ta l s ta in ing 
and electron microscope examina t ions . 

Both species examined , especially Platyophrya lata, stain in tens ive ly and 
u n i f o r m l y in neut ra l red of 25,000—30,000-fold d i lu t ion . A d s o r p t i o n and 
desorp t ion of the d y e v a r y cons iderably in the d i f f e r e n t stages of ac t ive life 
and encys tment . F rom this fac t conclusions may be d r a w n conce rn ing the 
relation between the submicroscopical s t ruc ture and the f u n c t i o n a l changes . 
Since the toxici ty of the d y e was found to be negl igeably little, a d s o r p t i o n 
of it by the p ro top la sm d i d no t d i s tu rb the encys tment . O n t h e o the r h a n d , 
observa t ion of the b e h a v i o u r of the d y e du r ing encys tment , rest, excys tmen t , 
and the subsequent ac t ive s ta te became possible. 

Electron microscope m e t h o d s were necessary fo r the sake of completeness . 
F ixat ion of the an imals w a s achieved by means of 4 pe r cent f o r m a l i n d i lu ted 
wi th p H 7,4 ace ta t -ve rona l b u f f e r solut ion, and f u r t h e r a f t e r a t w o f o l d 
washing 2 per cent o smiumte t rox id was used. T h e purpose of the p r e f i x a t i o n 
was get t ing rid of the g rea t aggregat ion of the b y - p r o d u c t s and bac te r i a re-
sul t ing of the encys tment — which is unavo idab l e when f ixed in osmium. 
T h e f ixed subject a f t e r wash ing was d e h y d r a t e d by means of 70, 96- and 
100 pe r cent a lcohol at in te rva ls of 30—30 minutes . 

The embedd ing was m a d e — a f t e r ROTH- in to 60 per cent n - b u t y l - and 
40 pe r cent me thy l -me tac rv l a t e . T h e substance was kept in this solut ion, be low 
0 ° C, fo r 24 hours . Then the p repa ra t ion t rea ted wi th 0,5 per cent 2—4 d i -
chlorobenzoi l peroxid was po lymer ized in a thermos ta te , at 60° C. 

C y s t m e n t 

T h e Cil iates Colpoda fastigata and Platyophrya lata - l ike most soil-
inhabi t ing p ro tozoa encyst excel lent ly . T h e pellicle which in the Platyophrya 
is sof t a n y w a y , loses, u n d e r cer ta in condi t ions , its c o m p a r a t i v e r igidness. T h e 
an imals which usually congrega te in larger o r smaller g roups take on roundish 
shapes close near each o the r and while in ro ta t ing movemen t chang ing direct ion 
they secrete a protec t ive capsule . A m o n g the cysts thus fo rmed all of the th ree 
k n o w n types may be f o u n d : the resting (pro tec t ive) type , the th i ck -wa l l ed 
stable and the thin wal led uns tab le types and the t h inne r -wa l l ed d iv id ing 
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( reproduct ive) type . Besides these pecul iar fo rms could be observed occas ional ly ; 
in the Colpoda fastigata scu lp tured , th ick-wal led cysts in which the an imal , 
d iv id ing itself in to 2- , 4 - o r occas ional ly 8 parts , had p roduced d a u g h t e r cells 
which again secreted th ick , sculp tured capsules. O n other occasions the an imal , 
shrunk t o Vs of its or iginal size wi th in the rough, th ick cyst wal l , was w r a p p e d 
in a th inner -wal led capsule . 

R e s u l t s 

Changes d u r i n g e n c y s t m e n t : T h e cytoplasm of Colpoda and Platyophrya 
t ha t h a v e begun encys tment w a s marked ly solif ied. Wi th the he lp of the 
micrometer placed in the ocular the increase in the intensi ty of f l o w could be 
easily seen f r o m the m o v e m e n t of the plasmic pa r t s and granules . But the 
size of the con t rac t i l e vacuo le and the f requency of its f u n c t i o n also increase 
(BICZ6K, 1959). As a consequence of this, some animals e m p t y near ly eight 
t imes as much w a t e r as be fo re encys tment . Cons ider ing t h a t the vacuo le tha t 
has g rown f r o m 7 u to 12 /< w o r k s at a f requency of 15 sec. ins tead of the 
original 23, it is easy to see tha t in 9 minutes a roundcd-o f f an imal of 
40 a d i ame te r presses ou t t h rough the excretory pore of t h e vacuole an a m o u n t 
of w a t e r equal to the an imal ' s o w n volume. T h e r h y t h m of this w o r k o f t e n 
does not change essentially f o r m o r e than an h o u r ! Th is goes to show t h a t the 
increased vacuole ac t iv i ty du r ing encystment c a n n o t be regarded as a physio-
logical process t h a t leads to „ac t ive d e h y d r a t i o n " , to the shr inking of the 
cy top lasm. 

T h e f ine , d i f f u s e s ta ining of the animals does not show a n y essential 
change du r ing encys tment . T h e Platyophrya lata cul tures in which cannibal ism 
has arisen a re exiieptions. T h e cannibal is t ic f o r m s very o f t e n reach the size 
of 7 0 - 8 5 /< exceeding the average size of 5 5 - 6 0 f i . T h e chang ing ot then-
f o r m s is m o r e p ronounced . The i r cy toplasm is o f t e n t o a great ex ten t va -
cuolized. Such ac t ive an imals adsorb neutral red much more slowly and imper-
fect ly than usual . The i r s ta ining is no t the no rma l pale red bu t yel lowish. 
While in t h e no rma l f o r m s at the beginning of encys tment o r immedia te ly 
before it d y e clots occur bu t occasional ly in the cannibal is t ic Platyophryac 
part ial desorp t ion of t h e dye , the fo rmat ion of aggregates or c lots usually 
begins a l ready be fo re encys tment and becomes more intense d u r i n g encys tment . 
In the e l ec t ronmic rograph these f ine aggregates can well be seen m d i f f e r e n t 
areas of the cy top l a sm, a m o n g o the r s direct ly unde r the pellicle (b ig . 7). 

Changes in the rest per iod of the cyst: D u r i n g cyst f o r m i n g the f l o w 
movements of the cy top la sm g radua l ly cease. T h e ac t iv i ty of the cont rac t i l e 
vacuole diminishes and f i na l ly ceases complete ly . In uns tab le p ro tec t ive cysts 
the condi t ion of the an imal shows no essential change f o r weeks. In th icker-
walled p ro tec t ive cysts, occasional ly also in r ep roduc t ive ones, the phenomenon 
of syneresis w e l l - k n o w n in colloid gels, appears the spontaneous loss of w a t e r 
and consequent ly sh r ink ing of the plasm occur . T h e syneresis is sometimes 
str ikingly rapid . C e r t a i n Platyophryae shrank to Vio or Vis of their or iginal 
volumes a f t e r a week w i t h o u t losing their v i ta l i ty . T h e an imals sh runk to 
72 or y< usual ly f o r m e d new cyst-capsules and wi th in them wen t on reducing 
their vo lumes at the init ial rate. Such in t racapsu la r ly re-encysted small f o r m s 
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could be ac t iva ted o r exci ted wi th a r t i f ica l light of 20,000—30,000 lux in ten-
s i ty to p e r f o r m l imited ro t a t i ng movemen t . T h e uns tab le p ro t ec t i ve cysts re-
sponded very sensit ively t o light of such in tens i ty o r even excysted. T h e g r a d u a l 
desorpt ion of neut ra l red adsorbed in the ac t ive s ta te is u n d o u b t e d l y one of 
the most interest ing p h e n o m e n a of the rest ing state of the cys t . F i rs t sub-
microscopic clots a p p e a r which unite later into la rger aggregates . These c lots 
of dye complexes form a r ing round the near ly cent ra l ly located nucleus . 
By the way , there a re considerable d i f fe rences in the f o r m a t i o n of t h e d y e 
aggregates. The i r genesis is connected wi th the very f inely dispersed d y e r ing 
which f o r m s a wide band l ike ring round the nucleus. T h e canniba l i s t i c 
an imals which possess a p r o t o p l a s m of coarse consis tency and in which this 
ring is much coarser and much more i r regular , f o r m clot l ike aggregates n o t 
only here, but be fo re the i r deve lopmen t in o the r p a r t s of the cy top l a sm, t o o 
(Fig. 1- , 2- , 7.). 

C h a n g e s du r ing excys tmen t : The c o m p a r a t i v e s ta te of rest of the c y t o p l a s m 
and its gel s t ruc ture may be dis turbed by cer ta in f a c t o r s (vegetable ex t rac t s , 
mechanical , a n d light s t imuli , u l t rasound etc.) and under f a v o u r a b l e con-
dit ions, so f a r as these e f f e c t s do not e n d a n g e r f i tness fo r life, they m a y s tar t 
excys tment . Th i s is f i rs t of all in t roduced by t h e a p p e a r a n c e of t h e con t rac t i l e 
vacuole of a few u size wh ich becomes wide r a n d wider , which ind ica tes t h a t 
the cy top lasm has taken u p a considerable a m o u n t of wa te r f r o m the surro-
unding med ium. Simul taneous ly wi th this the fo l l owing changes may be ob-
served: locomot ive m o v e m e n t of granules and mi tochondr i a , s t a r t of p lasm 
stream, then ro ta t ion of the whole an imal . T h e spon taneous m o v e m e n t s of the 
m i t o c h o n d r i a tha t can then be seen are very character is t ic and ins t ruc t ive . 
In the p ro top la sm of the uns tab le p ro tec t ive cys t of Platyophrya lata induced 
by a r t i f ica l light these m o v e m e n t s take place ch ie f ly a long s t ra ight lines in 
d i f f e r e n t d i rec t ions to a d is tance of 20—25 ,i< w i th a speed of 9—12 u/sec. 
When p lasm streams can h a r d l y be observed g r a n u l a r locomotion is also very 
l imited; this is t h e most intensive movemen t in the cy top lasm. 

Dur ing excys tment t h e size of the con t rac t i l e vacuole increases consi-
de rab ly , its lumen is usual ly widely gap ing not i n f r e q u e n t l y a t t a in ing 3/< of 
the d i ame te r of the still roundish in t racapsu la r an ima l . T h e large vacuo le 
con t rac t s s lowly only a f t e r some minutes and cont inues to pulsa te a r h y t h m i c a l l y 
io r a longer t ime. All this poin ts to a c o m p a r a t i v e l y insuf f ic ien t f u n c t i o n of 
the cy toplasm against t h e in -s t reaming wa te r . 

D u r i n g excys tment t h e contract ion of the neu t ra l red clots cont inues . 
Sometimes a u n i f o r m aggregate forms, o the r t imes 2- , 3 o r m o r e smal ler clots 
form f r o m whose m o v e m e n t s o r relat ive posi t ions t o each o the r the var ied , 
mul t id i rec t ional s t reaming of the cy top lasm solified be fo re excys tment can 
well be seen. By the way , t h e t ime of excys tment is d e p e n d e n t on t h e th ickness 
of the cyst wal l . 

A f t e r excys tment the func t ion of the cont rac t i l e vacuole and the loco-
mot ion of the an imals a re uncoord ina ted f o r abou t 1 5 - 2 0 minutes . A r o u n d 
the cent re in the cy top la sm which has become colourless 1 - 2 d y e clot c o m -
plexes a re visible t h a t c a n n o t be dispersed even by u l t r a sound. 
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D i s c u s s i o n 

C y s t m e n t consists of a succession of complex organ iza t iona l a n d disorga-
n iza t iona l processes which a re p a r t l y of col loid chemical , p a r t l y of biochemical 
charac te r . T o a fu l ler unde r s t and ing of these processes an insight into the 
changes of u l t ras t ruc tu res is m o r e and m o r e necessary. 

T h e most conspicuous change a c c o m p a n y i n g encys tment is the sol gel 
t r a n s f o r m a t i o n . As to the col loidal chemis t ry of this phenomenon , we might 
ment ion t h i x o t r o p y o r synaeresis. I t w a s A N G E R E R w h o called a t t en t ion to 
t h i x o t r o p y ( 1 9 3 6 ) and w h o observed t h a t the f r a m e s t ructure of the Amoeba 
plasm cor tex b reaks u p when shaken, becomes f lu id , solif ication sets in, then 
a new f r a m e s t ruc ture forms . T h i x o t r o p y - l i k e reversible solif ication (o f t en 
cxcysment) takes place in unstable, p ro tec t ive cysts when gent ly shaken; the 
same occurs a lso in th inner -wal led stable cysts unde r the e f fec t of more v io len t 
mechanical shocks ( B I C Z O K , 1 9 6 3 ) . In most cysts synaeresis appea r s which 
depr ives the cy top lasm of a cons iderable a m o u n t of water . A stable enough 
gel s t ruc ture forms . T h e question of t h e relation between colloid chemical 
changes a n d metabol ism may be raised here . 

I t is k n o w n t h a t a f t e r encys tment t h e r e is a great decrease in the metabol ic 
processes ( S C H O L A N D E R and associates, 1 9 5 2 , P I C O N , 1 9 5 9 , 1 9 6 0 , 1 9 6 1 ) . P I G O N ' S 
thorough and comprehens ive inves t iga t ions in connect ion wi th this call a t t e n -
tion to reversible enzyme inhibi t ion. Besides this it is an i m p o r t a n t fac t t h a t 
in the synaeresis of the cy top lasm p a r t of one of the indispensable media of 
the enzyma t i c processes, wa t e r , gets lost. In this w a y , but also th rough the 
d e v e l o p m e n t of the gel s t ructure , the cond i t ions may come in to being tha t 
lead to t h e decrease of metabol ism. O f course in this case, too, we ought to 
look fo r a f ac to r , a substance X wi th enzyme- l ike effects which is p r imar i ly 
responsible f o r the s tar t ing of encys tmen t and indirect ly for the synaeresis, 
too. In connect ion wi th this supposi t ion it must be t aken in to cons idera t ion 
that the ac t iv iza t ion of the cyst itself i nva r i ab ly begins wi th u p t a k e of wa te r . 
In t h i x o t r o p y , s imul taneously wi th sol i f icat ion a small widening vacuola 
indicates the u p t a k e of wa te r and subsequent ly the plasm inclusions show the 
increase of the metabol ic ac t iv i ty . H o w e v e r , we must t ake in to cons idera t ion 
tha t the mechanica l e f fec t causing t h i x o t r o p y not only dest roys the gel s t ruc-
ture but also the connect ion of certain enzymes wi th an inhibi t ing substance 
or inh ib i t ing substances. 

F rom the po in t of v iew of a f u r t h e r a p p r o a c h to this p rob lem the results 
obta ined in the s tudy of sol-gel t r a n s f o r m a t i o n accompany ing the p lasm mo-
vements a re wor th ment ioning . Accord ing t o several au thors (GOLDACRE, 1952, 
K A M I Y A and associates, 1 9 5 7 , K A M I Y A . 1 9 5 9 ) the moto r of these changes is 
the A T P and their basis the fo ld ing a n d un fo ld ing of the po lypep t id chains 
of the plasm ( G O L D A C R E — L O R C H , 1 9 5 0 , G O L D A C R E , 1 9 5 2 ) . U n f o r t u n a t e l y the 
role of A T P in the process of cys tment is not yet cleared, a l though it m a y be 
i m p o r t a n t . Th i s seems to be indica ted b y the fast movemen t of the mi tochond -
ria in t h e so l i fy ing p ro top la sm of the excys t ing an imal before the s ta r t ing of 
more lively p lasm streams. Since the re is o f t e n a corre la t ion between the 
location of the mi tochondr i a and t h e f o r m of the plasm m o v e m e n t (KAMIYA, 
1 9 5 1 ) , we may be led to th ink t h a t the d i f fu s ib l e A T P obta ined by respirat ion 
and pene t r a t i ng in to the basic plasm f r o m the m i t o c h o n d r i u m m a y p l ay an 
i m p o r t a n t role in the fo rma t ion or o rgan iza t ion of plasm movements . O n the 
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other hand , the d i so rgan iza t ion occuring in the mi tochondr i a m a y exc lude 
the fo rming of A T P in t h e mi tochondr i a , which again m a y p l a y a role in t h e 
g radua l ceasing of the p lasm st reams and in the f ac t t ha t a f t e r the con t r ac t i l e 
vacuole has ceased w o r k i n g a c o m p a r a t i v e l y rigid plasm gel f o r m s w i t h s imul-
taneously accompany ing spon taneous loss of wa te r . 

W e have reliable enough results concern ing the s lackening in the res-
pi ra t ion of the encyst ing o rgan ism and the change of the s t ruc tu re of the 
m i t o c h o n d n u m ( V I C K E R M A N , 1 9 6 0 , 1 9 6 2 ) . I myself h a v e called a t t en t ion , on 
the basis of photos of u l t r a thin sections m a d e of Colpoda fastigata imme-
dia te ly a f t e r excys tment , t o the reorganiza t ion of the u l t r a s t r u c t u r e a n d espe-
cially of the mi tochondr i a as it m a y be of some i m p o r t a n c e in cys tmen t (1961) . 
In fac t , besides the near ly round , on an ave rage Va u large but no t n u m e r o u s 
no rma fo rms there were m a n y t rans i to ry m i t o c h o n d n u m f o r m s of d i f f e r e n t 
sizes tha t were of conspicuous ly osmiophil cha rac te r and which d is t inguished 
themselves by the i r three- o r f o u r f o l d e longated hot dog fo rms , f ine g ranu les 
of high electron densi ty a n d in less easily dis t inguishable , s o m e w h a t l igh ter -
coloured and lower crests (Fig. 6) . I t seems qu i te ev iden t tha t t h e iner t ia of 
the p ro top la sm against t h e inpour ing wa te r , the appea rance of t h e g i an t 
cont rac t i le vacuole, then i ts i r regu la r f u n c t i o n , the uncoo rd ina t ed b e h a v i o u r 
immedia te ly a f t e r excys tmen t a re the consequence of the f ac t t h a t t h e r eo rga -
niza t ion of the u l t r a s t ruc tu res is not yet comple ted . 

T h e invest igat ions of t h e spat ia l and f u n c t i o n a l changes of sol- gel p o l y -
pept id chains in the plasm carr ied out w i t h neu t ra l red d y e in the Amoeba 
( G O L D A C R E - L O R C H , 1 9 5 0 , G O L D A C R E , 1 9 5 2 ) d i rec ted m y a t t en t ion no t o n l y 
to the fac t t h a t these cha ins a re in an un fo lded s ta te in the gel bu t a lso t o t h e 
fac t t h a t they adsorb substances more intensively. T h e sol is the p r o d u c e of 
their con t rac t ion the i r f o ld ing a n d this s ta te leads t o the desorb t ion of the 
substances in quest ion, t h e la test exper iments a lso m a d e wi th Amoeba ( A L L E N 
et al. 1 9 6 0 , A L L E N , in the w o r k of B R A C H E T , 1 9 6 1 ) seem t o c o n t r a d i c t t h e 
ex t remely f r u i t f u l and mu l t i l a t e r a l l y suppor t ed hypothesis . A l t h o u g h in the 
question of cys tment we, too , hold tha t the f o r m i n g of gels is a c c o m p a n i e d 
not by the u p t a k e of neu t r a l red d y e bu t by its g iv ing o f f , we a t t r i b u t e ve ry 
great impor t ance to G O I D A C R E ' S concept ion in t h e in te rp re ta t ion of ce r ta in 
changes in the p lasm and in t h e e lucidat ion of the sol — gel s tate . 

In the foregoing we h a v e po in ted out t h a t t h e neu t ra l red d y e b o u n d by 
the po lypep t ids remains in an adsorbed s ta te on ly in the per iod of p r e — cys t -
men t ; indeed, in the canniba l i s t ic fo rms pa r t i a l desorp t ion of the d y e the 
fo rma t ion of small i r regu la r d y e clots,* begins a l r eady a t this s tage (Fi^ . 7) . 
T h e highly vacuolized coarse plasm s t ruc ture con ta in ing submicroscopic asso-
ciat ions and the decrease of the adso rp t i ve capac i ty which goes toge the r w i th 
the decrease of dispersion mus t h a v e someth ing to d o w i t h the desorp t ion 
of the d y e (Fig. 3). Besides, i t c a n n o t be l e f t ou t of cons idera t ion tha t some 
of the mi tochondr i a wh ich a re much larger t han n o r m a l show signs of 
serious degenera t ion (Figs. 4. a n d 5). ( U n f o r t u n a t e l y i t is not ye t dec ided 
how f a r this phenomenon is a cause and h o w f a r a consequence jus t as w e d o 

* It is desirable to call clots the coarse, irregular, i n h o m o g e n e o u s aggregates o f the 
plasm and granules the regular p r e f o r m e d format ions occas iona l ly h a v i n g a m e m b r a n e structure. 
The aggregates formed from desorbed d y e during cys tmnet - Fig 7 - are c lots , w h i l e the 
subpelhcular neutral red stained p l a s m parts that co ld be seen arraging themse lves s ide by 
side at the beginning of encystment are granules (Fig. 8 ) . 
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not know to wha t ex ten t this degenera t ion a f fec ts metabol i sm and resp i ra t ion) . 
This phenomenon m a y , wi th reservations, be para l le led wi th the p asmic chan-
ges and the f o r m a t i o n of d y e clots in the cysting no rma l fo rms , a l though here 
the mi tochondr i a a re not degenera ted but as a link in a chain of successive 
complex changes a p a r t of them is par t ia l ly o r comple te ly demolished. I he 
s topping of p lasm s t reams is fo l lowed by reversible d e n a t u r a t i o n and u n f o l d i n g 
of the p o l y p e p t i d chains and synaeresis (wi th smaller w a t e r b lobs in the 
cytoplasm). ' At the same t ime very feeble double r e f rac t ion may be observed 
with the he lp of the po la r i za t ion microscope on the ou te r edge of t h e 
slightly sh runken cys t which suggests or ienta t ion and association of the po ly -
pept id chains. T h e p lasm tha t becomes g radua l ly coarser and coarser gives 
off its d y e which f o r m s a r o u n d the nucleus an i ono t ropy - like r ing tha t can be 
produced wi th a po lyca t ion of increasing intensi ty ( B I C Z O K , 1 9 6 3 ) . T h e greatest 
part of the neu t ra l red clots accumula tes here. 

In the above w e h a v e tr ied to clear a few general p roblems ot cel lular 
o rganiza t ion by the invest igat ion of cysting p ro tozoa . We h a v e left out of 
considerat ion m a n y i m p o r t a n t inf luencing fac tors such as the p H , the role of 
ions especially of the Ca** ions which a re so i m p o r t a n t in the o rgan iza t ion 
of t h e p lasm, the coopera t ive e f fec ts ( K L O T Z , 1 9 5 8 ) , etc. T h e work of m a n y 
researchers is needed if we a re to m a k e a synthesis based on the cons idera t ion 
of these e f fec t s which should give a t rue picture a n d an a l l - round exp lana t ion 
of the o rgan iza t ion of cys tmen t . Nevertheless we h a v e come nearer to cer ta in 
problems, e. g. t h e o rgan iza t ion of the gel, the coarsen ing of the plasm which 
in m a n y respects r eminds of the phenomenon of aging wi th the d i f f e r ence tha t 
this one is reversible. T h e invest igat ion of their relat ions wi th metabol i sm he lp 
largely in the u n d e r s t a n d i n g of w h y the neut ra l red d y e clots are missing f r o m 
the young f ib rob las t s of the chicken and why L E W I S 1 9 1 9 , (in the work of 
C R A W F O R D , 1 9 5 7 ) saw them compac t in the f ibroblas ts of old cultures. 

D e s o r p t i o n of neutral red d y e in the cy top lasm of e n c y s t e d Platyopbrya lata 
Fig. 1. In n o r m a l l y f e e d i n g i n d i v i d u a l s a f iner, more regular d y e ring c a n be seen here a n d 

there w i t h aggregates in format ion . 
Fig. 2. In canniba l i s t i c i n d i v i d u a l s the coarser, more irregular dye ring and the more in ten-

s ive aggregat ion are remarkable . 



Г . H I C Z Ú H 



O R G A N I Z A T I O N Ol- THL P R O T O P L A S M 3 3 

R e f e r e n c e s 

( 1 ) A L L E N , R . D . , C O O L A D G E , J . W . and H A L L , P . J . : Streaming in c y t o p l a s m d i s soc ia ted 
f r o m t h e g iant A m o e b a , C h a o s chaos ( N a t u r e 187, 8 9 6 - 8 9 9 , 1960) . 

(2) ANGERER, C . A . : The e f f e c t s of m e c h a n i c a l ag i ta t ion on the re lat ive v iscos i ty of A m o e b a 
p r o t o p l a s m (Cel l C o m p . Phys io l . 8, 3 2 9 — 3 4 5 , 1936) . 

(3 ) BICZÓK, F.: C o n t r a c t u s fehérjék szerepe a z o smoregu la t ioban ( M T A . Biol . C s o p . K o z i . 
3, 1 8 3 — 1 9 4 , 1959). 

(4 ) E lec tron microscope s t u d v of C o l p o d a fast igata Kahl (Acta Biol . U m v e r s . S z e -
gediens is , 7, 1 0 9 — 1 1 4 , 1961). 

(5 ) E x a m i n a t i o n of the pr top lasmic changes during the process of c y s t m e n t . In 1 ress, 
(6) B R A C H E T , J . and M I R S K Y , A . E . : T h e Cel l (Biochemistry , P h y s i o l o g y , M o r p h o l o g y . 11. 

N e w Y o r k and L o n d o n , 1961) . 
( 7 ) C R A W F O R D , G . N . C . : T h e c y t o p l a s m i c inc lus ions o f the snail a m o e b o c y t a ( S y m p . o l 

t h e Soc. for Exper . Biol . X. C a m b r i d g e , 1 9 5 7 ) . . 

(8) G O L D A C R E , R . J . and L O R C H , I . : F o l d i n g and u n f o l d i n g o f prote ins mo lecu le s in re lat ion 
to c y t o p l a s m i c s treaming a m o e b o i d m o v e m e n t and osmot ic w o r k ( N a t u r e , 166, 4 9 7 , 
1950) . 

(9) GOLDACRE, R. J . : The f o l d i n g a n d u n f o l d i n g of proteins molecules as a basis o f o s m o t i c 
w o r k ( I n t - r n a t . R e v . C y t o l o g y /• 135. 1952V 

( 1 0 ) GRIFFIN, D . E.: Structure and f u n c t i o n o f subcel lu lar particles ( V - t h In ternat . C o n g r . o f 
B iochem. , M o s c o w , 1961) . 

(11) GRIFFIN, J. L. and ALLEN, R. I ) . : T h e m o v e m e n t o f part ic les a t tached to the surface 
of A m c b a c in relation to current theories of a m e b o i d m o v e m e n t (Exper . C e l l Res . 2 0 , 
6 1 9 — 6 2 2 , 1960). . . 

( 1 2 ) G R O S S , P R . : Labi le b ioco l lo ids cel l d i v i s i o n and the structure of the mitot ic a p p a r a t u s 
(Transact ions of the N e w Y o r k A c a d , o f Sci. 20, 1 5 4 — 1 7 2 , 1 9 5 7 ) . 

( 1 3 ) G R O S S O W I C Z , N . , H E S T R I N , S . a n d K E Y N A N , A . : C r y p t o b i o t i c s t a g e s i n B i o l o g i c a l S y s -

t e m s (J- th Biol . C o n f . ' O h o l o ' 1 9 6 0 . A m s t e r d a m — L o n d o n , N e w Y o r k , 1 9 6 1 ) . 

( 1 4 ) K A M I Y A , N , N A K A J I M A , H . a n d A B E , S.: P h y s i o l o g y of the m o t i v e force of p r o t o p l a s m i c 
s treaming (Pro top l . Wien , 48, 9 4 — 1 1 2 , 1957) . 

(15) KAMIYA, N . : P r o t o p l a s m i c s treaming ( P r o t o p l a s m a t o l o g i a , 8, 3a, 1959) . 
(16) KLOTZ, ¡Protein hidrat ion and b e h a v i o r ( A m c r . Sci. 128, 8 1 5 — 8 2 2 , 1958). 
(17) LEWIS, M. R . : Bull . J o h n s H o s p . 30, 81 , 1919) . 
( 1 8 ) PIGON, A . : Respirat ion of C o l p o d a cucu l lus dur ing ac t ive L i fe a n d E n c y s t m e n t (J. of 

P r o t o z o o l . 6, 3 0 3 - 3 0 8 , 1 9 5 9 ) . 

( 1 9 ) C h a n g e s of e n z y m e a c t i v i t y dur ing s tarvat ion and cys tment of C i l i a t e ( U r o s t y l a ) . 
A m y l a s e , cata lase ( A c t a Biol . C r a c o v . Ser. Z o o l . 3, 5 9 — 7 0 , 1960) . 

(20) — — C h a n g e s in the respiratory a c t i v i t y during s tarvat ion a n d encys tment o f a C i l i a t e 
( U r o s t y l a ) ( A c t a Biol . C r a c o v . Ser. Z o o l . 4, 3 3 — 4 6 , 1961). 

(21) S C H O L A N D E R , P. F., C L A F F , C . L. & S V E I N S S O N , S . L. : Respiratory studies o n s ingle 
cel ls I I . O b s e r v a t i o n s on the o x y g e n c o n s u m p t i o n in s ingle p r o t o z o a n s (Biol . Bul l . 102, 
1 7 8 — 1 8 4 , 1952). 

( 2 2 ) VICKERMAN, K. : Structural C h a n g e s in M i t o c h o n d r i a of A c a n t h a m o e b a at E n c y s t a t i o n 
( N a t u r e , 4746, 2 4 8 — 2 4 9 , 1960) . 

(23 ) Pat terns of ce l lu lar organ i sa t ion in L i m a x A m o e b a e ( A n e lec tron M i c r o s c o p e 
S t u d y . Exper . Cel l Res. 26 , 4 9 7 — 5 1 9 , 1962) . 

(24) W . J. v a n WAGTENDONK: E n c y s t m e n t a n d E x c y s t m e n t of P r o t o z o a (HUTNER, S. H . and 
LWOFF, A . : Biochemistry and P h y s i o l o g y o f P r o t o z o a . II. N e w Y o r k , 1955) . 

Pig. 3. A part of the h igh ly v a c u o l i z e d , coarse-s tructured c y t o p l a s m o f a cann iba l i s t i c 
Platyophrya lata ( 1 4 , 0 0 0 X ) . 

Fig. 4. a n d 5. Degenera ted m i t o c h o n d r i a f r o m a cannibal is t ic Platyophrya lata ( 2 6 , 0 0 0 X 
a n d 14,000 X ) . . 

Fig. 6 . Par t o f the c y t o p l a s m of a Colpoda fastigata a f t er e x c y s t m e n t w i t h f u l l y d e v e l o p e d 
and d e v e l o p i n g , e longated m i t o c h o n d r i a (34 ,000 X ) . 

Pig. 7. Submicroscop ic neutral red aggregates in the cy top lasm of Platyophrya lata near t h e 
surface (50 ,000 X ) . . 

"Fig. 8. Subpel l icu lar granules s tained w i t h neutral red in encys t ing Platyophrya lata 
(3 ,600 X ) . 

3 Acc.i Bioloirfe» 


