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to i n h i b i t  t he  s p o n t a n e o u s  o x i d a t m n  of ep inephr ine  to 
a d r e n o c h r o m e  a t  p H  10.2. The  t o t a l  vo lume  was 1.0 ml  
and  a t  30~ t he  r a t e  of a u t o o x i d a t i o n  was found  to  be 
0.025 OD u n i t s / m i n  a t  480 nm.  P r o t e i n  was assayed  ac- 
cord ing  to LOWRY et  al. *0 H u m a n  b r a i n  cont ro l s  used 
here  h a d  no  k n o w n  neuroIogical  abnormal i t i e s .  

Results and discussion. T he  d i s t r i bu t i on  of SOD a c t i v i t y  
for va r ious  b ra in  regions is p resen ted  in Tab le  I and  
shows a r e m a r k a b l y  hom ogeneous  p a t t e r n  in h u m a n  
bra in .  The  a c t i v i t y  was p re sen t  in all areas  e x a m i n e d  
(mean  va lue  for all  a reas :  40.69 • 9.69 (SD) u n i t s / m g  
prote in) ,  in  b o t h  g r ay  a n d  whi t e  m a t t e r ,  and  t he  enzyme  
was s t ab le  for  a t  leas t  6 m o n t h s  w h e n  s tored  a t  - -70  ~ 
The  d i s t r i b u t i o n  of th i s  enzyme  has  also been  r epo r t ed  
r ecen t ly  in  r a t  t e lencepha lon ,  ce rebe l lum and  medu l l a  
ob longa ta ,  and  s imi lar  ac t iv i t ies  were found  in these  
regions in b o t h  male  and  female an imal s  a. These  observa-  
t ions  would sugges t  t h a t  t he  e n z y m e  is wide ly  d i s t r i bu t ed  
in b r a i n  and  is v e r y  l ikely p r e s en t  in b o t h  neu rons  and  
glia. I t  was p a r t i c u l a r l y  in t e re s t ing  to no te  t h a t  b ra ins  
t a k e n  a t  a u t o p s y  f rom p a t i e n t s  aff l ic ted w i t h  H u n t i n g -  
t o n ' s  Chorea  h a d  a p p a r e n t l y  n o r m a l  levels in  b o t h  t he  
cerebra l  cortex,  c a u d a t e  nuc leus  and  p u t a m e n  (Table  I). 
Th i s  a u t o s o m a l  d o m i n a n t  disease of u n k n o w n  et iology 
s t r ikes  t he  basa l  gangl ia  (cauda te  nuc leus  and  p u t a m e n )  
ha rdes t ,  leading to  loss of smal le r  i n t e r n e u r o n s  a n d  in- 
f i l t r a t ion  of th i s  region b y  glial cells. I n  p a t i e n t s  w i t h  
th i s  disease, th i s  region can  be so adverse ly  affected t h a t  
i t  is r educed  to on ly  10% of t he  gross we igh t  of n o r m a l  
controls .  I t  has  p rev ious ly  been  es tab l i shed  n t h a t  a 
n u m b e r  of o the r  enzymes  are d r a m a t i c a l l y  r educed  in 
H u n t i n g t o n ' s  Chorea,  inc lud ing  chol ine ace ty l  t r ans fe rase  
and  g lu t amic  acid decarboxylase ,  wh ich  are i nvo lved  in 
t he  syn thes i s  of t h e  n e u r o n a l  p u t a t i v e  t r a n s m i t t e r s ,  

ace ty lchol ine  and  y - a m i n o b u t y r i c  acid. I t  appea r s  l ikely 
t h e n  t h a t  t he re  is no r educ t ion  in t he  level of SOD in t he  
basal  gangl ia  in th i s  disease s ta te .  

The  subce l lu la r  d i s t r i b u t i o n  of SOD is g iven  in Table  I I .  
I n  b o t h  gu inea-p ig  and  h m n a n  cor t ica l  g r ay  ma t t e r ,  t h e  
h ighes t  specific a c t i v i t y  was found  in t h e  s u p e r n a t a n t  
f ract ion,  where  2 6 - 3 5 %  of t h e  t o t a l  a c t i v i t y  was re- 
covered  a f te r  d i f fe ren t ia l  cen t r i fuga t ion .  Af te r  f rac t iona-  
t ion  of t he  c rude  m i t o c h o n d r i a l  f r ac t ion  on  a sucrose 
g rad ien t  over  ha l f  of the  recovered  SOD a c t i v i t y  was in 
t he  s y n a p t o s o m a l  f ract ion.  These  expe r imen t s  would 
a p p e a r  to  show t h a t  t he  b r a i n  e n z y m e  is wide ly  d is t r ib-  
uted,  b u t  we could release up  to  80 85% of t he  SOD in 
soluble fo rm b y  h y p o o s m o t i c  t r e a t m e n t  or br ief  sonic 
i r r ad i a t i on  of t he  homogena te .  I n  l iver  up  to 84% of t he  
SOD can  be  recovered  in soluble fo rm f rom h o m o g e n a t e s  
w i t h o u t  t he  l a t t e r  t r e a t m e n t s %  The  l iver  and  b r a i n  
enzymes  a p p e a r  as 2 isozymes,  A and  B, a n d  in s tud ies  
w i th  K B  cells t he  fo rmer  was found  in soluble form, 
while  the  l a t t e r  was enr iched  in m i t o c h o n d r i a l <  How-  
ever, un l ike  t he  s i t ua t i on  in liver~, no c lear -cu t  b i m o d a l  
d i s t r i b u t i o n  of SOD was obse rved  in b ra in  in  the  p r e sen t  
studies.  Moreover,  t he  pur i f ied  m i t o c h o n d r i a l  f rac t ion  
f rom guinea-p ig  b r a i n  h a d  r e l a t ive ly  low specific a c t i v i t y  
and  we were no t  able  to  d e m o n s t r a t e  enzyme  l a t ency  
suscept ib le  to  sonic i r rad ia t ion .  The  p r e sen t  work  sug- 
gests  differences  be tween  l iver  a n d  b ra in  t i ssue  in b o t h  
t he  d i s t r i b u t i o n  and  associa t ion  of SOD w i t h  subcel lu lar  
componen t s .  
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Summary. Allan to inase ,  a n  e n z y m e  in t he  pu r ine -u rea  cycle, was found  in EudistyHa vancouveri (Polychae ta ) .  The  
e n z y m e  h a d  a p H  o p t i m u m  a t  7.6. The  K ~  was 0.012 M a i lan to in ,  a n d  the  Ar rhen ius  ene rgy  of a c t i v a t i o n  was I2.6 
to 14.6 kcal /mol .  

A l l an to inase  (a l lan to in  amidohydro lase ,  EC 3.5.2.5) 
ca ta lyzes  the  hydro lys i s  of a l l an to in  to a l lan to ic  acid a, ~: 
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This  r eac t ion  is p a r t  of t he  pu r ino ly t i c  p a t h w a y  for de- 
g r a d a t i o n  of uric acid to  glyoxyl ic  acid a n d  urea.  Allan-  
to inase  is c o m m o n l y  p r e s en t  in A m p h i b i a  a,4, f ish ~,5, 
g reen  p l a n t s  6, and  microorgan isms ,  e.g., Escherichia coli 
a n d  Slreptocpccus allantoieusL B o t h  t he  presence  and  
absence  of a l l an to inase  h a v e  been  r epo r t ed  for poly-  
chae tes  s,9. Because  of our  i n t e r e s t  in t he  c o m p a r a t i v e  
b i o c h e m i s t r y  of ur icoIyt ic  enzym es  and  the i r  e v o l u t i o n a r y  
s ignif icance for  t he  polychaetes ,  we assayed  p r e p a r a t i o n s  
of t h e  c o m m o n  sabel l id  w o r m  Eudislylia vancouveui (Kin-  
berg) for a l l an to inase  ac t iv i ty .  

Spec imens  were col lected off docks  of San J u a n  Is land,  
P u g e t  Sound,  W a s h i n g t o n .  H o m o g e n a t e s  of en t i re  worms  
and  also w a t e r  e x t r a c t s  of an  ace tone  powder  10 (mean = 
5.4 mg  p ro te in /ml )  p r epa red  f rom a b d o m e n s  of the  poly- 
chae te  were assayed  a t  37~ b y  e s t i m a t i n g  t he  a m o u n t  
of a l lan to ic  acid produced .  Al lan to ic  acid was conve r t ed  
to glyoxyl ic  acid which  was m e a s u r e d  spec t ropho to -  
me t r i ca l ly  (470 rim) as the  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  
in a lka l ine  so lu t ion  11. The  r eac t ion  m i x t u r e  con t a ined  
28.6 ~*mole a l l an to in  (ad jus ted  to  p H  7.5 w i t h  NaOH),  
50 amole  Tris-HC1 buffer  (pH 8.2), 0.4 ml  of e x t r a c t  or 
homogena te ,  and  w a t e r  to  a f inal  vo lume  of 2.0 ml. The  
p H  measu red  in s i tu  was 7.6. P r o t e i n  concen t r a t i ons  were 
de termined12 w i t h  pur i f ied  bov ine  se rum or pur i f ied egg 
a l b u m i n  as s t anda rds .  

The  a c t i v i t y  found  for a l l an to inase  is shown  in the  
Table .  The  p H  o p t i m u m  of t he  e n z y m e  was  7.6. The  
Michaet is  c o n s t a n t ,  Kin, was found  to  be 0.012 M for al-  
lantoin ,  as d e t e r m i n e d  b y  e i the r  a L i n e w e a v e r - B u r k  p lo t  
or b y  a we igh ted  Hofs tee  p lo t  ~a. An  Ar rhen ius  p lo t  of log 
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a c t i v i t y  vs .  r e c i p r o c a l  of  a b s o l u t e  t e m p e r a t u r e  y i e l d e d  
e n e r g i e s  of  a c t i v a t i o n  of  14.6 k c a l / m o l e  a n d  12.6 kca l /  
m o l e  for  t h e  w h o l e  h o m o g e n a t e  a n d  a c e t o n e  p o w d e r ,  
r e s p e c t i v e l y .  XYhile l i n e a r i t y  of  t h e  A r r h e n i u s  p l o t  w a s  
o b t a i n e d  o v e r  t h e  r a n g e  of  14 -38  ~ for  t h e  w h o l e  h o m o g -  
e n a t e ,  t h e  p l o t  for  t h e  a c e t o n e  e x t r a c t  d e v i a t e d  f r o m  a 
s t r a i g h t  l ine  a b o v e  22~ a f e a t u r e  n o t e d  p r e v i o u s l y  7 
w i t h  s o m e  p u r i f i e d  a l l a n t o i n a s e s  f r o m  o t h e r  sou rce s .  T h i s  
is t h o u g h t  n o t  to  be  a n  e f f ec t  o f  d e n a t u r a t i o n  o f  t h e  
e n z y m e  a t  t h e  h i g h e r  t e m p e r a t u r e s  7 b u t  m a y  r e p r e s e n t  
a c o n f o r m a t i o n a l  c h a n g e  in  t h e  e n z y m e .  

T w o  c l a s se s  of  t h e  p h y l u m  A n n e l i d a ,  t h e  O l i g o c h a e t a  
a n d  H i r u d i n e a ,  a r e  p u r i n o s t a t i c  a n d  l a c k  e n z y m e s  of 
u r i c o l y s i s ~ .  F o r  t h e  t h i r d  c lass ,  t h e  P o l y c h a e t a ,  a11an- 
t o i n a s e  h a s  b e e n  f o u n d  in  4 of  t h e  6 spec i e s  of  S e d e n t a r i a  
t e s t e d  s, 9, b u t  o n l y  ' t r a c e s '  h a v e  b e e n  f o u n d  in  o n e  of t h e  
6 E r r a n t i a  t e s t e d  s. T h i s  r e p o r t  p r o v i d e s  e v i d e n c e  for  t h e  
o c c u r r e n c e  of  a l l a n t o i n a s e  in  a n o t h e r  spec i e s  of  S e d e n -  
t a r i a .  T h e s e  d i s c o v e r i e s  of  p u r i n o l y t i c  a c t i v i t y  in  t h e  
p o l y c h a e t e s  g i v e  e v i d e n c e  of a b i o c h e m i c a l  l i n k  w i t h  t h e  

Allantoinase activity in extract of acetone powder of Eudistylia 
vancouveri for two typical experiments 

System Glyoxylic acid produced 
(gmloles) 

l :xperiment 1 ~ 
Complete 0.245, 0.249 ~ 
Complete (boiled extract) 0.035 
Complete (zero time control) (/ 

Experiment 2 u 
Complete 0.257, 0.266, 0.295 ~ 
Complete (boiled extract) 0.032 
Complete (zero time control) 0 

~30 rain incubation time, 7.70 mg protein/ml, b45 rain incubation 
time, 5.09 mg protein/ml, o Replicates. 

r e l a t e d  p h y l u m  S i p u n c u l i d a ,  w h i c h  h a s  a c o m p l e t e  sy s -  
t e m  of p u r i n o l y s i s ~ .  

P o l y e h a e t e s  of  t h e  S e d e n t a r i a  m a y  be  o n e  of t h e  f ew 
g r o u p s  of  o r g a n i s m s  p o s s i b l y  p o s s e s s i n g  b o t h  c o m p l e t e  
p u r i n o l y s i s  a n d  o r n i t h i n e - u r e a  cyc l e  e n z y m e s  as  m e c h a -  
n i s m s  for  t h e  p r o d u c t i o n  of  u rea .  I t  w o u l d  be  of  i n t e r e s t  
to  d e t e r m i n e  w h e t h e r  or  n o t  L - o r n i t h i n e - k e t o a c i d  a m i n o -  
t r a n s f e r a s e  (EC 2.6.1.13) is p r e s e n t  in  t h e  S e d e n t a r i a  
s i nce  t h i s  e n z y m e  p r o v i d e s  a l i nk  b e t w e e n  t h e  o r n i t h i n e -  
u r e a  cyc l e  a n d  t h e  p u r i n e - u r e a  cyc le .  T h e  q u e s t i o n  of 
w h y  e r r a n t  p o l y c h a e t e s  l a c k  e n z y m e s  of u r i c o l y s i s  a n d  
s o m e  s e d e n t a r y  p o l y c h a e t e s  p o s s e s s  t h e m  m i g h t  be  a n -  
s w e r e d  b y  f u r t h e r  e x a m i n a t i o n  of  t h e  a d a p t i v e  s ign i f -  
i c a n c e  of  t h i s  p a t h w a y  fo r  p o l y c h a e t e s .  
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Summary .  D i a z o t i z a t i o n  a n d  c a r b e t h o x y l a t i o n  s t u d i e s  of  
e s s e n t i a l  for  a r y l s u l p h a t a s e  B a c t i v i t y .  

A r y l s u l p h a t a s e  B h a s  r e c e n t l y  b e e n  o b t a i n e d  in  a 
h o m o g e n e o u s  f o r m  f r o m  o x  t i s s u e s  a, ~ a n d  h u m a n  l ive r  5. 
T h i s  e n z y m e  d i f fe r s  f r o m  t h e  c o r r e s p o n d i n g  a r y l s u l -  
p h a t a s e  A b o t h  b y  i t s  h i g h e r  i soe lec t r i c  p o i n t  a n d  lower  
m o l e c u l a r  w e i g h t %  A l t h o u g h  s o m e  i n f o r m a t i o n  is ava i l -  
ab l e  on  t h e  f u n c t i o n a l  g r o u p s  in  t h e  a c t i v e  s i te ,  a n d  on  
t h e  p h y s i o l o g i c a l  role  of  a r y l s u l p h a t a s e  A 7-10, v e r y  l i t t l e  
is k n o w n  a b o u t  t h e  a c t i v e  s i t e  a n d  t h e  p h y s i o l o g i c a l  i m -  
p o r t a n c e  of  a r y l s u l p h a t a s e  B:U, 12. R e c e n t  s t u d i e s  o f  
A a o c i a u A  a n d  WYXN  5 h a v e  i n d i c a t e d  t h a t  p r o b a b l y  a 
h i s t i d i n e  r e s i d u e  is i n v o l v e d  in  t h e  r e a c t i o n  c a t a l y z e d  b y  
a r y l s u l p h a t a s e  B.  T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  t o  
g a i n  m o r e  i n f o r m a t i o n  a b o u t  t h e  p a r t i c i p a t i o n  of  a h i s -  
t i d i n e  r e s i d u e  in  t h e  h y d r o l y s i s  of  a r y l s u l p h a t e s  b y  a r y l -  
s u l p h a t a s e  t3. 

Mater ials  and methods. T h e  h o m o g e n e o u s  p r e p a r a t i o n s  
of o x  l i ve r  a r y l s u l p h a t a s e s  B I ~  a n d  B l f  w e r e  p r e p a r e d  

a r y l s u l p h a t a s e  B h a v e  i n d i c a t e d  t h a t  a h i s t i d i n e  r e s i d u e  is 
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