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Zusammen /as sung  

Der  h i s t o c h e m i s c h e  lgachweis  der  a lka l i schen  Phos -  
p h a t a s e  bei  A canthochites [ascicularis L. (Po lyp lacophora ,  
Mollusca) e r b r i n g t  d e n  Beweis  e ines  a u s g e d e h n t e n  Vor-  
h a n d e n s e i n s  des  F e r m e n t s .  Das  I n t e g u m e n t ,  das  B inde-  
gewebe  u n d  das  Muske lgewebe  e n t h a l t e n  keine  ode r  n u t  
Spuren  yon  D e s m o p h o s p h a t a s e .  D e r  V e r d a u u n g s a p p a -  
ra t ,  i n s b e s o n d e r e  die Zuckerdr i l se  n n d  der  M i t t e l d a r m  
s ind dagegen  re ich  an  P h o s p h a t a s e ,  desg le ichen  die 
Niere,  die S p e r m a t o g o n i e n  u n d  S p e r m a t o z y t e n ,  die 
Nukleo len  de r  O v o z y t e n  und  das  E p i t h e l  des  Ovar iums .  

A p y r a s e  D i s t r i b u t i o n  i n  S e a - U r c h i n  E g g s  

One of t h e  ear l ies t  s t eps  fol lowing t h e  fe r t i l iza t ion  of a 
sea -u rch in  egg is a v e r y  cons ide rab le  a m o u n t  of molecu la r  
r e a r r a n g e m e n t  ~ w h i c h  is necessa ry  for t he  in i t i a t ion  of 
d e v e l o p m e n t .  The re  is no s a t i s f a c t o r y  e x p l a n a t i o n  of 
where  t h e  e x t r a  e n e r gy  for in i t i a t ing  these  r eac t ions  
comes  f rom since O 2 c o n s u m p t i o n  in some species  is 
i nc reased  * while  in o t he r s  i t  is dec reased  a. B y  ana logy  
w i t h  muscle  i t  m i g h t  seem reasonab le  t h a t  r ap id  
d e m a n d s  for  e n e r g y  could  be m e t  by  p h o s p h a t e  b o n d  
ene rgy .  I f  th i s  be  so, t he  unfe r t i l i zed  egg would  e i t he r  
h a v e  to  h a v e  A T P - a s e  s y s t e m s  a l r eady  p resen t ,  or, t h e  
a c t i v a t i o n  of such  e n z y m e  s y s t e m s  wou ld  h a v e  to  be 
one of t h e  ea r ly  s t e p s  fo l lowing fer t i l iza t ion .  

A p y r a s e  a c t i v i t y  in f rog eggs has  b e e n  iden t i f i ed  a f t e r  
50 hour s  of  d e v e l o p m e n t  a n d  has  b e e n  f o u n d  to  ex is t  in 
a t  l eas t  3 p ro t e in  f r ac t ions  or  c o m p l e x e s  4. In  Strongylo- 
centrotus, whole  egg e x t r a c t s ,  a n d  W e b e r  so lu t ion  
e x t r a c t s  yie ld  a p y r a s e  a c t i v i t y  a n d  t h e r e  is some  
ev idence  t h a t  fer t i l ized eggs  c o n t a i n  more  a p y r a s e  
a c t i v i t y  t h a n  unfe r t i l i zed  eggs 5. 

Chemical. ATP was obtained as the Ba salt. This was dissolved, 
the metal precipitated and the PHadjusted to 7. Stock solutions of 
10 mg free ATP per ml were prepared and kept at -20°C until used. 
Calcium activator 0-01 mg/ml final concentration was used in most 
eases and buffer for protein extraction was 0"1 M glycine-NaOH, 
:O H 9. Proteins were precipitated with 80r}~ trichloracetic acid and 
phosphate determinations were made with ammonium molybdate-fl- 
naphtholsulfonic acid using a photoelectric colorimeter. 

Eggs. Living material was obtained fresh daily and eggs were 
collected, strained through gauze and washed several times with 
filtered sea-water. In some cases eggs were subjected to lyophile 
processes from a preliminary freezing at -20°C. Fertilized eggs were 
obtained by treating eggs with sperm for such a time as to give 90% 
membrane elevation (c. l0 min. at 25°C) and were then lyophiled as 
above. All extracts derived from eggs were handled at 1 ° C throughout 
chemical treatment. 

Apyrase Activity. In the case of whole eggs tested for surface 
apyrase activity, 100 mg wet weight of eggs was added per ml of 
ATP (1 mg/ml) solution in sea-water, and held at PH 9 with glycine 
buffer. For whole egg homogenates and for Iyophiled fractions, 
50 mg dry weight of substance was used per 10 mg of ATP solution 
(PH 7, with CaCI 2 activator). Incubation was for 1 or 2 hours at 
~5~C and 1 mt of 80% CC13COOH was added and the tubes iced at 
the end of the run. 

Results. The  d a t a  fall u n d e r  t h e  fol lowing genera l  
c lass i f ica t ions :  (1) e x a m i n a t i o n  of t he  a p y r a s e  a c t i v i t y  
of  t he  sur face  of  l iv ing eggs;  (2) t he  apy ra se  a c t i v i t y  of a 
brei  of  f resh eggs;  a n d  (3) a c t i v i t y  in lyophi led ,  d i a lysed  
a n d  p r o t e i n - f r a c t i o n a t e d  eggs. 

1 Cf. J. RuNNSTR6M, L. Mox~', and E. WICKLUND, Nature 1an, 
313 (1944). 

i D.M.WmTAKER, J. Gen. Physiol. la, 183 {1931). 
a D.M.WmTAKER, J. Gen. Physiol." la, 475 (1933). 

L. G. BARTH and L. JAEOER, J, Cell. Comp. Physiol. no, 111 (1947). 
5 "W.M. CoNNORS and B.T. ScHEEI~, J. Cell. Comp. Physiol. 3o, 

271 (1947). 

L iv ing  Arbacia eggs, b o t h  fer t i l ized a n d  unfer t i l i zed  
a n d  w i t h  je l ly  coa ts  r emoved ,  were  ana lysed  for  surface  
a p y r a s e  a c t i v i t y  in s e a - w a t e r  a t  Ptt 7 and  9. There  was  
no  apprec iab le  hydro lys i s  of A T P  a f t e r  2 hours  a t  25°C. 
R e c e n t  resu l t s  ~ w i t h  y e a s t  h a v e  s h o w n  t h a t  th is  cell has  
s e v e r a l - t y p e s  of p h o s p h a t a s e s  a t  t h e  cell su r face  in- 
c lud ing  apyrase .  These  e n z y me s ,  however ,  h a v e  an  
o p t i m a l  a c t i v i t y  a t  PH 3-5 a n d  a l m o s t  no  a c t i v i t y  a t  PH 7. 

Eggs  d i s r u p t e d  by  g r ind ing  wi th  sand ,  as well as eggs 
f r a c t i o n a t e d  by  chemica l  m e a n s  were  a s s a y e d  for a p y r a s e  
a c t i v i t y  w i t h  tile resul ts  (for Arbacia) as i n d i c a t e d  in 
F igu re  1. I t  is to  be n o t e d  t h a t  t h e  egg g ranu le  f r ac t ion  
gave  a c t i v i t y  resu l t s  p rac t i ca l ly  e q u a l  t o  those  o b t a i n e d  
w i t h  u n f r a c t i o n a t e d  egg brei.  The  o t h e r  var ious  f rac t ions ,  
w i th  t h e  possible  e x c e p t i o n  of t h e  KC1 e x t r a c t  of  
fer t i l ized eggs (dialysed),  were  p rac t i ca l ly  inac t ive .  In  
th is  r e spec t  s imilar  resul ts  have  been o b t a i n e d  for the  
a p y r a s e  a c t i v i t y  of g ranu les  in t h e  ceils of ch icken  
e m b r y o s  ~. 
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Arbacia egg fractionation scheme. Figures in parentheses represent 
per cent hydrolysis of ATP per hour for 50 mg dry weight of egg 

material. 

F u r t h e r  e x p e r i m e n t s  on a n o t h e r  fo rm (Paracentrotus) 
were  car r ied  ou t  to  t e s t  t h e  genera l  v a l i d i t y  of t he  idea  
t h a t  t he  p r o t o p l a s m i c  g ranu les  were  tile s i te  of a p y r a s e  
ac t iv i ty .  These  d a t a  are  i nc luded  in  Table  1. Here  t he  
lyoph i l ed  b u t  u n f r a c t i o n a t e d  eggs s h o w e d  c o n s i d e r a b l y  

Table [ 

Apyrase activity of fractions of Paracentrotus eggs 

Fraction 

Lyophiled, ether extracted 
and dialysed eggs . . . 

Lyophiled, ether extracted 
and dialysed egg gran- 
ules . . . . . . . . .  

Lyophiled and dialysed 
egg granules . . . . .  

Per cent hydrolysis of 
ATP/hr/50 mg eggs 

fertilized unfertilized 

5-0 5-1 

25.8 13.7 

18.0 13.8 

1 A. ROTHSTEIN and R. MEIER, J. Cell. Comp. Physiol. 32, 77 
094S). 

2 H.B.~GTEINBACH and F. MooG, J. Cell, Comp. Physiol. 26, 175 
(1945). 
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less a c t i v i t y  t h a n  t h e  g r a n u l e s  i so l a t ed  f r o m  t h e m .  T h e  
p r e t r e a t m e n t  of t h e  l y o p h i l e d  p o w d e r  w i t h  e t h e r -  
p e t r o l e u m  e t h e r  e x t r a c t i o n  before  it  w a s  s u s p e n d e d  in 
w a t e r  s e e m e d  to  y ie ld  h i g h e r  a c t i v i t i e s  t h a n  w h e n  t h e  
p o w d e r  is u sed  u n t r e a t e d .  T h i s  e x t r a c t i o n  r e m o v e d  a 
c o n s i d e r a b l e  p o r t i o n  of t h e  egg  p i g m e n t  w h i c h  is con-  
t a i n e d  a l m o s t  e n t i r e l y  in  s o m e  of t h e  g r a n u l e s .  E t h e r  
e x t r a c t i o n  is t h o u g h t  to  a l low b e t t e r  w e t t i n g  of  t h e  
g r a n u l a r  m a t e r i a l  a n d  h e n c e  a h i g h e r  a p p a r e n t  a p y r a s e  
a c t i v i t y .  

Discussion. Since apyrase appears, at least to some extent in 
many different fractions of the egg, one has the impression that 
present methods of separation are not satisfactory for removing 
preferentially this enzyme, or else that it is a widely distributed 
substance adsorbed to many proteins. The fact that in the frog 1 
there are 3 protein fractions giving reasonable apyrase activities, and 
that in other experiments ~ apyrase activity is not separated into a 
single fraction are in generat accord with the present experiments. In 
this connection, experiments by RtJNNST~OM a indicate that the 
unfertilized egg has an appreciable amount of ATP normally present. 
There is no reason to suppose that this substance is not uniformly 
distributed throughout the egg, hence it is necessary to suppose that 
such apyrase as is present is in some way "inactive". The experiments 
of CEN.~AMO and MONTELLO 4 show that upon cytolysis sea-urchin 
eggs give an acid reaction which can quantitatively be equated to 
ATP breakdown. The question then arises as to whether some of the 
observed apyrase activity can be ascribed to the "activation" of the 
enzyme during the chemical treatment of the egg materials. At any 
rate, since chemical treatments of fertilized and unfertilized eggs 
were the same the observed differences in apyrase activity can be 
considered real. 

It is difficult to evaluate the possibility of utilization of ATP by 
the fertilized egg as far too little is known about the chemical 
processes taking place. Evidence has been presented that in the 
developing frog egg z ATPis broken down under anaerobic conditions, 
and is resynthesized under aerobic conditions, Both of these reactions 
take place while there is considerable apyrase activity in the cell. 
Since the ATP concentration in the egg after fertilization tends to 
remain constant, if we grant an increased apyrase activity it must 
follow that the synthetic activities responsible for the production of 
ATP are increased proportionally with the increase in apyrase °. 

I am indebted to Prof. R. DoHR~ for the use of the facilities of 
the Zoological Station, to Dr. A. MONRO'Z for much valuable advice, 
and to Prof. J. RUNNSTROM for reading the manuscript.  

LORIN J. MULLINS 7 

Zoological  S t a t i o n ,  N a p l e s  ~, A u g u s t ,  22 1.949. 

~ b e r  d i e  E i n w i r k u n g  v o n  U l t r a s c h a l l  

a u f  G e l e n k f l i i s s i g k e i t  

Die  h o h e  V i s k o s i t ~ t  d e r  Ge lenkf l i i s s igke i t  i s t  h a u p t -  
s~ichlich d u t c h  i h r e n  G e h a l t  a n  Hya lu rons /~u re ,  e ine r  
h o c h m o l e k u l a r e n  P o l y s a c c h a r i d s X u r e ,  b e d i n g t L  E n z y -  
m a t i s c h e  o d e r  re in  c h e m i s c h e  Vorg~inge, die d e p o l y m e r i -  
s i e r e n d  wi rken ,  v e r m i n d e r n  die Viskosi t~t t  v o n  H y a l u r o n -  
s i i u r e l 6 s u n g e n  2. W i r  h a b e n  d e n  Einflul3 y o n  U l t r a s c h a l l  
a u f  die Viskosi t~. t  v o n  K n i e g e l e n k p u n k t a t e n  u n d  y o n  
H y a l u r o n s X u r e l 6 s u n g e n  a u s  G l a s k 6 r p e r  u n t e r s u c h t .  Die  
Ge lenk f l t i s s i gke i t en  w u r d e n  a u B e r d e m  i m  E l e k t r o -  
p h o r e s e v e r s u c h  geprf i f t .  

D ie  B e s c h a l l u n g  d e r  L S s u n g e n  er fo lg te  (ohne  A u s -  
schlul3 v o n  L u f t )  in  g e w 6 h n l i c h e n  Reagenzgl~isern .  Die  
G1/iser t a u c h t e n  in "ein m i t  W a s s e r  gef i i l l tes  u n d  y o n  
a u g e n  gek i ih l t e s  Gef~g ,  d i s  d e m  S c h a l l k o p f  a u f g e s e t z t  
w u r d e .  Die  yore  Q u a r z  (10 c m  2) a b g e g e b e n e  Schal l -  
ene rg i e  b e t r u g  55 ~,V ( g e m e s s e n  in W~asser), die Fre-  
q u e n z  800 k H z .  Die  V i s k o s i t ~ i t s m e s s u n g e n  w u r d e n  m i t  
e i n e m  V i s k o s i m e t e r  n a c h  OSTWALD bei 37 ° C g e m a c h t .  
Die  (rohen) H y a l u r o n s A u r e l 6 s u n g e n  w u r d e n  a u s  f i l t r ier-  
t e n  R i n d e r g l a s k S r p e r n  n a c h  F / i l lung  m i t  A l k o h o l  er- 
h a r e m  

II 

III 

IV 

Material 

Gelenkfliissigkeit 
(H., chronische Synovitis) . . 

Gelenkfliissigkcit 
(M., Meniskusl~tsion) 

Gelenkflfissigkeit 
(Sch., Tibiakopffraktur)  . . . 

Hyalurons~ture (Glask6rper) 

Hyalurons~ure (Glask6rper) 

Beschal- Relative 
lungsdauer Viskosit~it 
(Minuten) (37 ° C) 

0 
5 

10 
20 

0 
5 

10 

0 
1 

10 
0 

10 
20 

0 
20 

12,8 
6,6 
2,7 
2,1 
4,7 
2,0 
1,6 

2,4 
2,2 
1,6 

10,5 
5,1 
5,0 
6,8 
4,0 

Z u s a m  men]assung  

Sowohl  b e f r u c h t e t e  als a u c h  n i c h t  b e f r u c h t e t e  Seeigel- 
eier  e n t h a l t e n  a l l e m  A n s c h e i n  n a c h  a k t i v e  A p y r a s e  Die 
Ak t iv i t i i t  s c h e i n t  in  d e r  H a u p t s a c h e  in d e n  k 6 r n i g e n  
Tei len  des  P r o t o p l a s m a s  loka l i s i e r t  zu sein.  Gte ich  n a c h  
der  B e f r u c h t u n g  s t e i g t  die g e s a m t e  A p y r a s e a k t i v i t ~ t  
de r  E ie r  an .  D iese  g e s t e i g e r t e  E n z y m t / i t i g k e i t  f i n d e t  
s ich  "wiede rum haup t s~ ich l i ch  in  d e n  Z e l l k 6 r n c h e n .  D a s  
VerhbAtnis  z w i s c h e n  A p y r a s e a k t i v i t / i t  u n d  Energ ie -  
b e d a r I  w ~ h r e n d  de r  E n t w i c k l u n g  wi rd  u n t e r s u c h t .  

1 L. G. BARTH and L. JAEGER, J. Cell. Comp. Physiol. 30, 111 (1947). 
2 W.M.ComcoRs and B,T. ScHEER, J, Cell. Comp. Physiol. 3o, 

~71 (1947), 
a j .  RVNNS'I'ROM, Biochem. Z. 258, 057 (1933). 
4 C. CEnNAMO and S.MONTELLO, Exper. 3, 10 (19.t7). 
a L.G. BARTH and L. JAEGER, PhysioL Zool. 20, 133 (1947). 
6 J.BRAcnET, Embryologie chimique p. 148 (Liege 1945). 
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Die  E i n w i r k u n g  y o n  U l t r a s c h a l l  f i ih r t  zu e ine r  be- 
t r / i ch t l i chen  A b n a h m e  der  Viskosi t~i t  der  Ge lenk-  
f l f iss igkei t .  I n  de r  Tabe l l e  s i n d  die E r g e b n i s s e  v o n  Ver-  
s u c h e n  m i t  drei  G e l e n k p u n k t a t e n  v e r s c h i e d e n  h o h e r  
V i s k o s i t ~ t  a u f g e f f i h r t .  N a c h  e ine r  B e s c h a l l u n g s d a u e r  
v o n  z e h n  M i n u t e n  i s t  die Viskos i t / i t  in V e r s u c h  I a u f  

°/ in V e r s u c h  I I  a u f  43 % u n d  in V e r s u e h  I I I  (in d e m  21 zo, 
e t w a s  d ickere  Reagenzgl i~ser  v e r w e n d e t  w u r d e n )  a u f  
67 % d e r  Viskos i t l i t  der  u n b e s c h a l l t e n  P r o b e  g e s u n k e n .  
Die a u s  G l a s k S r p e r  g e w o n n e n e n  H y a l u r o n s / i u r e l 6 s u n g e n ,  
die n u r  s e h r  ge r inge  P r o t e i n m e n g e n  e n t h a l t e n ,  ze igen 
n a c h  der  B e s c h a l l u n g  eben fa l l s  e ine  b e d e u t e n d e  Viskos i -  
t ~ t s a b n a h m e .  

W i i h r e n d  de r  B e s c h a l l u n g  s t e i g t  die T e m p e r a t u r  de r  
V e r s u c h s l 6 s u n g  a u f  m a x i m a l  43 ° C. F i i n f z e h n  M i n u t e n  
l a n g e s  E r w ~ r m e n  y o n  Ge lenkf l t i s s igke i t  bei 4 4 - 4 6  ° C 
b e w i r k t  j e d o c h  ke ine  E r n i e d r i g u n g  ( sonde rn  s o g a r  e ine  
E r h 6 h u n g )  de r  Viskosit~it .  

a Vgl. K.MEYER, Physiol. Rev. '.'7, 335 (1947). - Cm RACAN und 
K.M~:V~R, J. Clin. Invest. 28, 56 (1949), 

Literatur siehe: I.. HAHN, Fermentforschung 17, -t17 (1944). 


