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c a t i o n  s . C o n s i d e r i n g  t h e  r e s u l t s  o b t a i n e d  in  t h e  p r e v i o u s  
c o m m u n i c a t i o n  ~, h o w e v e r ,  a l l  e x p e r i m e n t a l  d a t a  c a n  be  
e x p l a i n e d  m o s t  r e a s o n a b l y  t h r o u g h  a m e c h a n i s m  s h o w n  ill 
t h e  S c h e m e .  T h u s ,  t h e  r e a c t i o n  is b e l i e v e d  t o  i n v o l v e  t h e  
i n t e r m e d i a c y  of t h e  cyc l i zed ,  h y d r i n d e n e  c a t i o n  (V), w h i c h  
w o u l d  be  fo l l owed  c o m p e t i t i v e l y  9 b y  t h e  r e a r r a n g e m e n t  (a) 
o r  (b). I n  s p i t e  of  m a n y  v a l u a b l e  r e p o r t s  o n  t h e  c o n j u g a t e d  

s Coloration of (II) in H~SO4:368 nm (80% H2SOa) , 364 (85%), 360 
and 462 (90%; two peaks turn into a single absorption band at 
364 nm in a few min). These values strongly suggest a formation of 
certain dienylie cyclized cation as a main species. The coloration 
can be regenerated either from the compound A (369 nm in 80% 
H~SOa) or from B (361 nm, 80%). 

9 The competition seems to be dependent on the concentration of 
H2SO 4 used. Glc analysis 4 indicates that  the formation ratio of A 
to 13 is 7:2 (80% H2S04), 2:1 (85%), and 1:4 (90%). 

10 T. S. SORENSEN, J. Am. chem. Soc. 87, 5075 (1965). - P. E. BLATZ 
and D. L. PIPPERT, J. Am. chem. Soc. 90, 1296 (1968). - G. A. 
OLAH, G. LIANG and Y. K. Mo, J. Am. chem. Soc. 94, 3544 (1972). - 
N. W. K. CHIU and T. S. SORENSRN, Can. J. Chem. 51, 2776 
(1973); papers cited therein. 

p o l y e n y l i c  c a t i o n s  10, l i t t l e  is k n o w n  o n  t h e  p r o p e r t i e s  a n d  
c h e m i c a l  s t r u c t u r e s  of  t h e  q u e n c h e d  p r o d u c t s  d e r i v e d  
f r o m  t h e  p r o t o n a t e d ,  c o n j u g a t e d  t r i e n o i c  o r  t e t r a e n o i c  
ac id .  I t  h a s  b e e n  d i s c l o s e d  b y  o u r  s t u d i e s  t h a t  t h e  c o n j u -  
g a t e d  t r i e n o i c  a c id  u n d e r g o e s  d o u b l e - c y c l i z a t i o n  in  H ~ S O ,  
t o  y i e l d  a l m o s t  e x c l u s i v e l y  s a t u r a t e d  l a c t o n e s ,  w h e r e a s  
t h e  c o n j u g a t e d  t e t r a e n o i c  a c id  a f f o r d s  t h e  c y c l i z e d  a n d  s u b -  
s e q u e n t l y  r e a r r a n g e d ,  u n c o n j u g a t e d  ac id  i s o m e r s  a l m o s t  
q u a n t i t a t i v e l y ,  b o t h  v i a  t h e  s a m e  t y p e  of k e y  i n t e r m e d i a t e .  
T h u s ,  o u r  f i n d i n g  o f fe r s  a n  a d d i t i o n a l  c o n t r i b u t i o n  to  
t h e  c h e m i s t r y  of  c o n j u g a t e d  p o l y e n o i c  a c i d s  of  b io log i ca l  
i n t e r e s t ,  i n c l u d i n g  v i t a m i n  A ac id .  

Zusammen]assung. E s  w i r d  e ine  n e u a r t i g e ,  sXure- 
k a t a l y s i e r t e  Z y k l i s i e r u n g  u n d  U m l a g e r u n g  a n  e the r  k o n -  
j u g i e r t e n  T e t r a e n c a r b o n s g u r e  b e s c h r i e b e n .  
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R a b b i t  K i d n e y  A l k a l i n e  P h o s p h a t a s e :  R o l e  of S i a l i c  Ac id  in  the  H e t e r o g e n e i t y  

H e t e r o g e n e i t y  of  a l k a l i n e  p h o s p h a t a s e  h a s  b e e n  d e m o n -  
s t r a t e d  in  a n u m b e r  of  t i s s u e s  l-a.  T h e  k i n e t i c  p r o p e r t i e s  
of  t h e  r e s o l v e d  a c t i v i t i e s  f r o m  e i t h e r  l i ve r  o r  k i d n e y  w e r e  
s h o w n  to  be  v e r y  n e a r l y  t h e  s a m e  4. I n  a d d i t i o n ,  t h e  a n o d i c  
m i g r a t i o n  of f a s t - m o v i n g  e n z y m e s  in  h u m a n  s e r u m  5, l i ve r  6 
a n d  k i d n e y  7 w e r e  r e d u c e d  b y  p r e v i o u s  t r e a t m e n t  w i t h  
n e u r a m i n i d a s e ,  s u g g e s t i n g  t h a t  t h e y  w e r e  o n e  a n d  t h e  
s a m e  p r o t e i n  w i t h  d i f f e r e n c e s  in  t h e  c a r b o h y d r a t e  m o i e t y  7. 
H o w e v e r ,  t h e  s h e e p  b r a i n  a l k a l i n e  p h o s p h a t a s e  h a d  b e e n  
r e s o l v e d  i n t o  2 a c t i v i t i e s  w h i c h  w e r e  s h o w n  t o  d i f f e r  in  
t h e i r  k i n e t i c  p r o p e r t i e s  8. I t  w a s  a lso  s h o w n  t h a t  t h e  
n e u r a m i n i d a s e  s u s c e p t i b l e  e n z y m e  r e t a i n e d  i t s  o r i g i n a l  
k i n e t i c  b e h a v i o u r  a f t e r  t h e  r e m o v a l  of  t h e  t e r m i n a l  s ia l ic  
a c id  ~. 

W e  w i s h  t o  r e p o r t  t h a t ,  o f  t h e  3 i s o e n z y m e s  in  r a b b i t  
k i d n e y ,  o n l y  t h e  s l o w - m o v i n g  c o m p o n e n t  in  a c r y l a m i d e  
gel  w a s  f o u n d  t o  be  a s i a l o p r o t e i n .  F u r t h e r ,  t h e  k i n e t i c  
p r o p e r t i e s  r e m a i n  u n a f f e c t e d  a f t e r  t h e  t r e a t m e n t  w i t h  
n e u r a m i n i d a s e .  

Experimental. R a b b i t s ,  of  b o t h  s e x e s  a g e d  a b o u t  45 
d a y s ,  w e r e  s ac r i f i c e d  a n d  t h e  k i d n e y s  ( w e i g h i n g  5 t o  6 g) 
w e r e  h o m o g e n i z e d  i n  0.01 M tris-HC1 bu f f e r ,  p H  7.5. 
S u b s e q u e n t l y ,  t h e  m a t e r i a l  w a s  e x t r a c t e d  w i t h  b u t a n o l  10, 
d i a l y z e d  a n d  t h e n  l o a d e d  o n  D E A E - c e l l u l o s e  c o l u m n ,  
p r e v i o u s l y  w a s h e d  a n d  e q u i l i b r a t e d  w i t h  0.01 M tris-tlC1 

b u f f e r ,  p H  7.5, a c c o r d i n g  t o  t h e  m e t h o d  of PETERSON a n d  
SOBER 11. P r o t e i n  in  t h e  e n z y m e  s o l u t i o n  w a s  e s t i m a t e d  b y  
t h e  m e t h o d  of  LOWRY e t  al. 12 u s i n g  b o v i n e  s e r u m  a l b u m i n  
as  s t a n d a r d .  
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Table I. a) Kinetics of normal and neuraminidase treated Enz I S 

Substrate Km • 10 3 

Normal Neuraminidase 
treated 

Phenylphosphate 3.3 2.5 

/3-Glycerophosphate 5.0 5.5 
c~-Glyeerophosphate 4.0 4.0 

3'-AMP 6.6 6.5 
J -AMP 6.0 5.5 

b) Effect of activators and inhibitors 

Modifiers Concentration Original activity (%) 
(M) 

Normal Neuraminidase 
treated 

None --  100 100 
z-Phenylalanine 6.6 • 10 -3 110 110 
Phosphate 6.6 • 10 -3 80 85 
Mg ++ 3.3 • 10 .3 300 300 
Zn ++ 6.6 • 10 ~ 0 0 
Be ++ 6.6 • 10 4 0 0 
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Fig. 1. DEAE-cellulose chromatographic profile. The column (1.8 cm• era) was loaded with 2755 units of enzyme and elated 
with 0.01 M ~ris-buffer (pH 7.5) and then stepwise eIution with 0.1 M, 0.2 M, 0.3 M, NaC1 intrisbuffer {0.01 M, OH 7.5) respectively. 
The flow rate was 10ml per 10 min and 10 ml fractions were collected. The enzyme activityis expressed in units/rag protein (---) and protein 
is determined by absorbanee at 280 nm ( - )  About 85% of activity applied to the column was recovered. Peak I, designated as Enz Ia 
(fraction 24-28) contained 19% of the activity recovered; peak 1I, designated as Enz Ib (fractions 31-36) contained 13% and peak III, 
designated as Enz II (fractions 44-48) contained 58%. 

Disc e lect rophoresis  of the  resolved act ivi t ies  was 
pe r fo rmed  on po lyacry lamide  gel by  a sl ight  modif ica t ion  
of the  procedure  of DAvis 13 wi th  the  use of 7.5% cyano-  
gum-41 separa t ing  gel, p repa red  in 0.1 M tris-glycine 
buffer,  plK 8.6. Init ial ly,  2 m A  per  t ube  of 10 min  was 
given, fol lowed by  5 m A  per  t ube  for 150 rain a t  4-6~ 
The i soenzyme act ivi t ies  were visual ized when  incuba ted  
wi th  /~-naphthyl acid p h o s p h a t e  followed by  coupl ing 
wi th  0-d ian is id ine  as descr ibed by  CANAPA-ANsoN and 
ROWE 14 

Neuraminidase trealment. The enzyme samples  were 
f irs t  d ia lyzed agains t  0.1 M sodium ace ta te  buffer,  p H  5.5, 
for 8 h a t  4-6 ~ To 1 ml of these  dialyzed enzyme  solut ions 
(30 uni ts /ml)  were added  tile following: 2 ~moles CaCI~; 
5 ~moles Mg(CH3COO)2; 60 ~moles NaC1; and 0.44 uni t  
neuramin idase  (Cl. per[ringens, t y p e  V Sigma). These 
mix tu res  were t h e n  incuba ted  a t  37 ~ for 12 h. Al iquots  
were d i rec t ly  t a k e n  for e lect rophoresis  and t h e n  the  
remain ing  enzyme  was used for kinet ic  s tudies  af ter  
dialysis agains t  tris-HC1 buffer.  

Alkaline phospl la tase  ac t iv i ty  in the  ex t rac t s  and  in the  
eluates  of DEAE-cel lu lose  co lumn was de t e rmined  by  the  
m e t h o d  of KING as modi f ied  by  MooG 15 using p h eny l  
p h o s p h a t e  as the  subs t ra ta .  I un i t  of alkal ine p h o s p h a t a s e  
ac t iv i ty  is def ined as the  a m o u n t  of enzyme t h a t  l ibera tes  
1 ~zmole of phenol  or Pi ( including for o the r  subs t ra tes)  
in 15 min.  

Results and discussion. The r abb i t  k idney  alkaline 
phospha ta se  was resolved in to  3 act ivi t ies  on D E A E -  
cellulose column (Figure 1), des igna ted  as E n z  Is, Enz  lb 
and Enz  II .  Of these,  Enz  Ib and E n z  I I  had  ident ical  
fas ter  mobi l i ty  in po lyacry lamide  gel electrophoresis ,  I t  
was of in teres t  to  s t u d y  w h e t h e r  the  he te rogene i ty  was 
due to  the  s ia loprote in  na tu re  of the  fast  mov ing  compo-  
nents .  Cont ra ry  to the  observa t ions  a l ready  repor ted ,  we 
f ind t h a t  only the  s low-moving c o m p o n e n t  (Enz Is) 
con ta ined  the  t e rmina l  sialic acid residue (Figure 2), and  
the  f a s tmov ing  componen t s  (Enz Ib and  Enz  I1) remained  
unaf fec ted  by  neuramin idase  t r e a t m e n t .  

Kine t ic  s tudies  of the  control  and neuramin idase - t r ea t ed  
Enz  Is show t h a t  there  was no a l te ra t ion  in t he  proper t ies  
of the  la t ter ,  charac ter i s t ic  of af f in i ty  for subs t ra tes  and  
response  to ac t iva tors  and inhib i tors  (Table I, a and  b). I t  
has  also been observed  t h a t  pur i f ied Enz  Is dif fered f rom 
purif ied E n z  Ib and E n z  1I in m a n y  proper t ies  such  as 

Fig. 2. Polyacrylamide gel electrophoresis. L to R: 1. Normal Enz 
Is. 2. Enz Ia after neuraminidase treatment. 3. Normal Enz Ia and 
Enz II. 4. Neuraminidase treated Enz Ia and Enz II. 5. Normal Enz II 
and 6. Neuraminidase Enz II. Enz Ib is not shown in the picture. 
The enzyme activity was visualized by the method described in the 
text. 

13 B. J. Davis, Ann. N.Y. Aead. Sci. 721, 404 (1964). 
1~ R. CaNAPPA-ANsoN and D. J. F, RowE, J. clin. Path. 23, 499 

(1970). 
15 F. MOOG, J. Cell. eomp. Physiol. 28, 197 (1946). 
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t h e r m a l  s tab i l i ty ,  m e t a l  ion effect  and  a f f in i ty  t owards  
some s u b s t r a t e s  (unpub l i shed  observa t ions) .  

These  resu l t s  p o i n t  to  t he  fac t  t h a t  a t  leas t  in  some 
t issues t he  h e t e r o g e n e i t y  obse rved  is n o t  solely due  to t he  
presence  of t e r m i n a l  sialic acid residue.  I t  m a y  be  m e n t i o n -  
ed here  t h a t  t h e  i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  isoenzy-  
mes  are  devoid  of sialic acid 16, ~7. T he  poss ib i l i ty  of m i n o r  
differences in  t h e  p r o t e i n  a r ch i t e c t u r e  i tself  seems to be 
ga in ing  ground.  

t~ L. ENGSTROM, Biochim. biophys. Acta 52, 36 (1961). 
17 p. K. SAINI and J. DONE, FEBS Left. 7, 86 (1970). 
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Zusammen/assung. Es  wurde  gefunden,  dass  yon  den  
3 A l k a l i - P h o s p h a t a s e - i s o e n z y m e n  n u r  das  bet der  Gel- 
e lek t rophorese  auf  P o l y a c r y l a m i d  sich l a n g s a m  bewegende  
I s o e n z y m  ein S ia lopro te in  war.  Die k ine t i s chen  Eigen-  
s eha f t en  der  n o r m a l e n  u n d  der  m i t  N e u r a m i n i d a s e  be- 
a r b e i t e t e n  E n z y m e  w a r e n / i h n l i c h .  
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A u t o l y s i s  of Coprinus comatus S p o r o p h o r e s  

The  release of bas iodiospores  f rom species of t he  genus  
Coprinus is a c c o m p a n i e d  b y  a r ap id  au to lys i s  of t h e  cap 
of t he  f ru i t ing  b o d y  leav ing  only  t h e  s t ipe  in tac t .  This  
p h e n o m e n o n  has  been  e x a m i n e d  in de ta i l  w i t h  respec t  to  
Coprinus lag@us (C. einere~s)1, 2. F r o m  th i s  work  i t  was  
concluded t h a t  t h e  m a i n  agen ts  respons ib le  for t he  
au to lys is  of t he  sporophores  of C. lag@us were ch i t ino-  
lyr ic  enzymes  loca ted  in t h e  vacuoles  of t he  fungus.  These  
enzymes  appea red  sho r t l y  before t h e  au to lys is  of tile gills. 

I n  v iew of t he  speed a t  wh ich  t he  au to lys i s  of t he  gills 
of Coprinus lag@us occurs  (4-5 h)2, i t  is su rp r i s ing  t h a t  
ch i t inases  p l ay  such  a n  i m p o r t a n t  p a r t  in th i s  process.  
Chi t in  is a s u b s t a n c e  no t ab l e  for i t s  res i s tance  to degrada-  
t ionK I n  Ascomyce tes  and  Bas id iomyce te s  i t  fo rms  p a r t  
of t h e  wall, t o g e t h e r  w i t h  glucan,  t h o u g h  i t  is usua l ly  
p r e sen t  in  smal le r  q u a n t i t i e s  t h a n  t he  l a t t e r  a. ITEN and  
MATILE 2 assayed  ch i t inase  b y  m e a s u r i n g  the  release of 
r educ ing  groups  f rom pur i f ied  C. lagopus walls, and  
ch i tob iase  b y  t h e  release of N-ace ty l  g lucosamine  f rom t h e  
same  subs t r a t e .  T h e y  f o u n d  30 t imes  more  r educ ing  
groups  t h a n  N-ace ty l  g lucosamine  and  i n t e r p r e t e d  t h i s  as 
m e a n i n g  t h a t  ch i t inase  was p r e s en t  in  m u c h  g rea te r  
q u a n t i t i e s  t h a n  chi tobiase .  T he  poss ib l i ty  t h a t  t he  
release of r educ ing  groups  was  due  to o the r  c a r b o h y d r a s e s  
(e.g. glucauase)  does no t  seem to  h a v e  been  cons idered .  
As fi-glucan is n o r m a l l y  p r e s en t  as a p r o m i n e n t  wal l  
c o n s t i t u e n t  of f i l amen tous  fungi  *, i t  is p roposed  t h a t  
f l-glucanase m a y  h a v e  a s ign i f ican t  p a r t  to  p l ay  in t he  
au to lys i s  of Coprinus sporophores .  

Enzyme activities detected in the autolysate of Coprinus comatus 
sporophores 

Substrate Enzyme Activity/ml 
autolysate 

Laminarin fl-(1 -+ 3) glucanase 1.30 
Pustulan fl-(1 -+ 6) glucanase 0 
Carboxymethyl fl-(1 --> 4) glueanase 0 
Cellulose (cellulase) 
Liehenin fl-(1 -+ 4),/~-(1 -+ 3) glucanase 0.15 
Colloidal Chitinase 0.05 
Chitin Azocoll Protease + 

I n  order  to  t e s t  t he  v a l i d i t y  of th i s  idea, several  
sporophores  of Coprinus comatus were col lected f rom a 
wood nea r  Mont reux ,  Swi tzer land .  Two of t he  bes t  speci- 
mens,  weighing  140 g each,  were al lowed to  au to lyse  
o v e r n i g h t  a t  r oom t e m p e r a t u r e .  Af te r  t h i s  t i m e  t he  sporo-  
phores  were comple te ly  l iquified.  Microscopic e x a m i n a t i o n  
showed t he  presence  of spores and  some f r a g m e n t s  of 
hyphae ,  wh ich  were r e m o v e d  b y  cen t r i f uga t i on  a t  10,000 
r p m  for 30 min.  The  pe l le t  was  washed  w i t h  w a t e r  a n d  t he  
s u p e r n a t a n t  and  wash ings  were m a d e  up  to 200 ml.  Th i s  
was  t e s t ed  f o r  a c t i v i t y  aga ins t  t he  fol lowing subs t r a t e s :  
l a m i n a r i n  and  l i chen in  (Koch Light) ,  p u s t u l a n  and  Azocoll  
(Calbiochem),  c a r b o x y m e t h y l  cellulose (Fluka) and  coll- 
oidal l  ch i t i n  p r e p a r e d  f rom ch i t in  (Koch Light )  b y  t he  
m e t h o d  of HOWARD and  GLAZER 5. All s u b s t r a t e s  excep t  
the  Azocoll  were dissolved or suspended  in 0.05 2~d r ace t a t e  
buf fe r  p H  5.0, a n d  10 m l  were mixed  w i t h  1 ml  of au to-  
lysate .  The  release of r educ ing  groups  f rom these  sub-  
s t r a t e s  was  followed a t  30~ b y  t h e  NXLSON SONOGYI 
m e t h o d  6, us ing  t he  a p p r o p r i a t e  s t a n d a r d  curve.  One u n i t  
of a c t i v i t y  was def ined as t h a t  a m o u n t  of e n z y m e  wh ich  
caused  t he  release of i ~Mole r educ ing  g roup /min .  The  
Azocoll  was used accord ing  to t he  m a n u f a c t u r e r ' s  
ins t ruc t ions ,  t h o u g h  q u a n t i t a t i v e  m e a s u r e m e n t s  could 
n o t  be  m a d e  due to  in te r fe rence  f rom t h e  colour  of t h e  
au to lysa te .  The  resu l t s  of these  assays  are shown  in t he  
Table.  

No release of r educ ing  groups  was de t ec t ed  f rom 
p u s t u l a n  or c a r b o x y m e t h y l  cellulose, even  a f te r  24 h. The  
r educ ing  groups  l i be r a t ed  f rom l i chen in  m u s t  the re fo re  
h a v e  been  due  to t he  fl-(1-3) l inkages  c leaved  in th i s  
po lymer .  There  a p p e a r e d  to  be  a b o u t  26 t i m e s  as m u c h  
fl-(1-3) g lucanase  as ch i t i nase  in t h e  24 h au to lysa t e ,  
a f igure s imi la r  to  t h a t  of ITI~N a n d  iVIATILE 2 for t h e  
release of r educ ing  groups  and  N-ace ty l  g lucosamine  f rom 
Coprinus lag@us walls. However ,  if t h e  f rozen res idue  
was t hawed ,  suspended  ill w a t e r  and  al lowed to  s t and  for 
a f u r t h e r  48 h, t he  r a t io  of fl-(1-3) g lucanase  to ch i t i nase  
d ropped  to  5 to  1. I t  t h u s  appea r s  t h a t  t he  fl-(1-3)- 
g lucanase  p lays  a m a j o r  role in  t h e  p a r t  of au to lys i s  
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