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Cholinesterase in the Development of 
Ciona intestinalis (Ascidia) 

Research carried out  in this laboratory on the develop- 
ing Ascidian egg has determined the localization and 
t ime of appearance of various enzymes. This work has 
demonstrated tha t  certain enzymes (cytochrome-oxi- 
dasel;  succino-dehydrogenase z) are present from the 
very beginning and are localized very early, while others 
(phosphatase3; dopa-oxidase 4) appear rather  late in the 
development.  

The Ciona egg has a very rapid development ;  at  20 ° C 
an act ively swimming larva is obtained in tess than 24 h, 
This larva has, in respect to the adult, a rather complex 
s t ructure;  above all possessing a nervous system with 
brain and spinal cord and powerful tail muscles. After 
the larva becomes attached, it enters into metamorpho- 
sis, the tail atrophies and the muscular cells are reab- 
sorbed. The presence of well-developed nervous and 
muscular systems during a brief period of larval devel- 
opment,  and their  rapid disappearance, give rise to 
various questions:  (a) whether  or not cholinesterase is 
present, (b) the t ime of its possible appearance, (c) its 
location. At present, comparat ive  studies on this enzyme 
in the development  are lacking; such studies should 
lead to the solution of many problems as yet  unans- 
wered. 

In our work, we have used eggs of Ciona intestinalis, 
Phallusia mamillata and Clavelina lepadi/ormis; how- 
ever, the data  here presented refer exclusively to the 
Ciona eggs. With  the other  two species, different results 
were obtained. 

The histochemical technique of KOELLE, as modified 
by GOMORI 5, was used to indicate the presence of 
cholinesterase. The eggs at various stages of develop- 
ment  were fixed for a few seconds in 80% ethanol;  they 
were incubated in toto at 37°C for 1 h, with acetylthio- 
choline as a substrate. The following results were ob- 
tained : 

(1) In the undivided egg, and in the first stages of 
development,  there are no traces of cholinesterase. 

(2) I t  appears for the first t ime only at  the formation 
of the neurula. 

(3) At  this stage the cholinesterase is localized in 2 
masses of presumptive muscular cells which are situated 
laterally and posteriorly in the embryo. No other area 
contains cholinesterase; particularly,  it is completely 
lacking in the neural plate. 

(4) The cholinesterase remains localized exclusively 
in the muscle cells during all the development  until the 
end of the larval  stage. In the Figures 1-4, embryos at 
successive stages of development  are shown: the reac- 
tion appears in the muscle cells which are not  yet  dif- 
ferentiated. In the act ively moving larva (having pig- 
mented sensory organs), the reaction occurs in the muscle 
cells which are a l ready elongated and differentiated 
(Fig. 5). On the other  hand, there is no trace of cholin- 
esterase in the brain and spinal cord. 

(5) In the larva in metamorphosis,  in which the tail 
has jus t  become reabsorbed, the cholinesterase appears 
localized in the posterior region (Fig. 6). This is explain- 
ed by the fact that ,  during the reabsorption of the tail, 
the muscle cells migrate  to this port ion of the trunk. 
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(6) In the metamorphosized larva having 2 siphons, 
there is no more cholinesterase. 

(7) The t rea tment  of the developing egg with eserine 
(0.005% solution) or with neost igmine (0.01% solution) 
blocks the ac t iv i ty  of the enzyme. The t rea tment  with 
di-isopropylfluorophosphate (0.002%) does not cause 
any inhibition. 
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Fig. I - 6 . - - R e a c t i o n  of ehol ines te rase  in Ciona intestinalis; i n cuba -  
t ion in a ce ty l t h ioeho l i ne  for  I h a t  37°C.  - 1 . - -  Neuru la .  2 . - - A d -  
v a n c e d  n e u r u l a .  3 . - - Y o u n g  tai l  bud .  4 . - - T a i l  bud ,  side view. 

4. --  S w i m m i n g  l a rva .  6. --  L a r v a  in m e t a m o r p h o s i s .  

On the basis of the results, i t  can be stated tha t  the 
enzyme considered here corresponds to the "specif ic" 
cholinesterase. 

Conclusions.-- In  the Ciona egg cholinesterase appears 
at a ra ther  late stage of development  (neurula stage) and 
is localized exclusively and permanent ly  in the muscular  
terri tory.  I t  appears before the differentiation and func- 
t ioning of the muscles. I t  is yet  to be invest igated whe- 
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t h e r  t h e  q u a n t i t y  or  a c t i v i t y  inc reases  w i t h  t h e  m u s c u l a r  
d i f f e r e n t i a t i o n .  T h e  cho l ine s t e r a se  d i s a p p e a r s  e n t i r e l y  
in  t h e  l a r v a  wh ich  ha s  u n d e r g o n e  m e t a m o r p h o s i s  a n d  
in w h i c h  t h e  m u s c u l a r  s y s t e m  h a s  b e e n  r e a b s o r b e d .  T h e  
c e n t r a l  n e r v o u s  s y s t e m  does  n o t  show t h e  p r e s e n c e  of 
cho l i ne s t e r a se  in  a n y  s t a g e  of d e v e l o p m e n t .  T h e  t r e a t -  
m e n t  w i t h  specif ic  i n h i b i t o r s  d e m o n s t r a t e s  t h a t  t h e  
e n z y m e  desc r ibed  c o r r e s p o n d s  to  speci f ic  c h o l i n e s t e r a s e  
or  ace ty l cho l ines t e r a se .  

M. DURANTE 

Zoological Institute, University, Palernw, Italy, M a y  
2d, t956. 

Riassunto 

Con m e t o d o  i s toch imico ,  sonG s t a t e  e f f e t t u a t e  r i c e r che  
sul ta  p re senza ,  la  loca l izzaz ione ,  e i l  t e m p o  di  c o m p a r s a  
del la  co l ines t e r a s i  hel lo  s v i h p p o  di Ciona inteslinalis 
(Ascidie).  ~ s t a t o  v i s t o  che :  1) l ' a t t i v i t £  co l ines te ras i ca ,  
n e g a t i v a  negl i  s t a f f  p recoc i  di sv i luppo ,  si pa lese  d u r a n t e  
e dopo  la  n e u r u l a z i o n e ;  2) il t e r r i t o r i o  in  cui  si loca l izza  
la r eaz ione  ~ e s c l u s i v a m e n t e  quel lo  m u s c o l a r e ;  3) es is te  
u n a  r e l az ione  t r a  la  p r e s e n z a  d e l l ' e n z i m a  e la  c a p a c i t ~  
f u n z i o n a l e  d e l l ' e m b r i o n e ;  4) ne l la  r eaz ione  ~ i n t e r e s s a t o  
u n  solo t i po  di  e n z i m a  e p r e c i s a m e n t e  la  eo l ines t e ra s i  
spec i f ica  o ace t i l co l ines te ras i .  

T r a c e  E l e m e n t  S t i m u l a t i o n  o f  K e r a t i n  ( H a i r )  

D e g r a d a t i o n  b y  O r a l  K e r a t i n o l y t i c  M i c r o f l o r a  ~ 

T h e  p r o t e o l y s i s - c h e l a t i o n  t h e o r y  e x p l a i n s  t h e  e t i o logy  
of d e n t a l  ca r ies  as  t w o  i n t e r r e l a t e d  r e a c t i o n s  o c c u r r i n g  
s i m u l t a n e o u s l y  on  e n a m e l :  (a) m i c r o b i a l  d e s t r u c t i o n  of 
t h e  o rgan i c  m a t r i x  w h i c h  is c o m p o s e d  l a rge ly  of k e r a t i n ,  
a n d  (b) loss of a p a t i t e  t h r o u g h  d i s s o l u t i o n  b y  o rgan i c  
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c h e l a t o r s  some  of w h i c h  o r i g i n a t e  as m a t r i x  b r e a k d o w n  
p r o d u c t s  2. Th i s  t h e o r y  was  d e r i v e d  in  p a r t  f r o m  consid-  
e r a t i o n  of n u m e r o u s  s y s t e m s  t h r o u g h o u t  n a t u r e  w h e r e  
o r d i n a r i l y  i n so lub l e  i n o r g a n i c  m a t e r i a l s  a re  mob i l i zed  
a n d  t r a n s p o r t e d  as so lub le  s e q u e s t r a t i o n  c o m p l e x e s  3. I t  
was  also s u g g e s t e d  b y  t h e  Ca a c t i v a t i o n  a n d  s t a b i l i z a t i o n  
of e n z y m e s  a n d  o t h e r  p r o t e i n s ,  t h e  ro le  of Ca  in  p r o t e o -  
lysis, a n d  t h e  a b i l i t y  of p r o t e i n s  a n d  t h e i r  d e r i v a t i v e s  
to  f o r m  w a t e r - s o l u b l e  c h e l a t e  c o m p l e x e s  w i t h  a lka l i ne  
ear ths* .  T h e  f a c t  t h a t  CaCO a a n d  Cas(PO4)z s t i m u l a t e  
m e t a b o l i s m  of  ora l  k e r a t i n - d i g e s t i n g  mic ro f lo ra  2 m o t i v a t -  
ed  t h e  p r e s e n t  s t u d i e s  to  d e t e r m i n e  w h e t h e r  Ca, PO, ,  a n d  
o t h e r  t r a c e  e l e m e n t s  i n f l u e n c e  k e r a t i n o l y s i s ,  a n d  w h e t h e r  
t h i s  p r o t e o l y s i s  d i s so lves  e n a m e l  a p a t i t e .  

ExperimentaL--The m e t h o d  oI  cell  p r o d u c t i o n ,  condi -  
t i o n s  for  W a r b u r g  r e s p i r o m e t r y ,  p r e p a r a t i o n  of e n a m e l  
a n d  ha i r ,  a n d  c o m p o s i t i o n  of t h e  t r a c e  e l e m e n t  supple -  
m e n t  h a v e  a l r e a d y  b e e n  r e p o r t e d  2. ]? inely c u t  h u m a n  
h a i r  was  a c o n v e n i e n t  source  of k e r a t i n  s ince  i t  is im-  
p r a c t i c a l  t o  o b t a i n  pu r i f i ed  y e t  u n d e n a t u r e d  e n a m e l  
k e r a t i n  in  a d e q u a t e  a m o u n t s .  

Results.-- Both a u t o r e s p i r a t i o n  a n d  h a i r  o x i d a t i o n  
were  s t i m u l a t e d  b y  CaCI~ (Table) .  T h e  c o m p l e t e  t r a c e  
e l e m e n t  s u p p l e m e n t  d e p r e s s e d  a u t o r e s p i r a t i o n  b u t  ac- 
c e l e r a t e d  O,  u p t a k e  w i t h  k e r a t i n .  E v e n  w i t h o u t  Ca a n d  
P04 ,  t h e  s u p p l e m e n t  i n c r e a s e d  O 3 c o n s u m p t i o n  w i t h  hair .  
T h u s  o t h e r  e l e m e n t s  m a y  p a r t i c i p a t e  in  t h e  c a t a b o l i s m  
oI t h i s  m a t e r i a l .  T h e  m a x i m u m  02 u p t a k e  o b s e r v e d  w i t h  
t h e  Ca-f ree  s u p p l e m e n t  c a n n o t  m e a n  t h a t  Ca i n h i b i t e d  
s ince  CaC12 e n h a n c e d  t h e  o x i d a t i o n ,  b u t  p r o b a b l y  re- 
f lee ts  t r a c e  m e t a l  u n b a l a n c e  o r  ion  a n t a g o n i s m  5. T h e  
e n a m e l  s u p p l i e d  su f f i c i en t  t r a c e  e l e m e n t s  to  s t i m u l a t e  
h a i r  c a t a b o l i s m ,  b u t  n o t  e n o u g h  o rg an i c  m a t t e r  t o  in- 
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Trace element stimulation of keratin (hair) degradation by oral keratinolytic microorganisms 

Distilled H~O cell suspension supplemented with 

Ca as CaCl 2 (5.0 mg%) 
Trace element supplement .  
Trace element supplement  minus Ca and  phos- 

phate  
Trace element supplement  minus Ca 
Human  enamel as source of t race elements (50.0 

mg added to each vessel) 
No minerals added (controls) 

400 rain Warburg experiment 

Autorespiration (no hair present) 

/zl O 2 uptake 

78 
37 

55 } 
58 

47 
48 

/~102 stimulation over 
control due to trace 

elements 

30 
- 1 1  

7 
10 

- -  1 

100'0mg hair added to each vessel 

plO~ uptake 

832 
1025 

850 
1042 

950 
737 

/zl O 3 stimulation over 
control due to trace 

elements 

95 
288 

113 
305 

213 

pH of cell suspension initially adjusted to 7.0; KOH in each center well; 30°C. Trace element supplement includes Na, K, Ca, Mg, Mn, 
Zn, Mo, Fe, Co, Cu, P, S, and C1 in the same concentrations employed in the basalculturemedium for growing keratinolytic microorganisms ~. 

The data have not been corrected by subtracting autorespiration. 


