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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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E v i d e n c e  of  an  E s s e n t i a l  H i s t i d y l  R e s i d u e  in  A r y l s u l p h a t a s e  B ~ 
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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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and  assayed  b y  t he  m e t h o d  of FARooQuI and  RoY 4. To 
0.8 ml  of 0.01 3/1 n i t r oca t echo l  su lpha te  (d ipo tass ium sal t  
f rom S igma  Chemical  Co; St. Louis,  USA) in 0.5 M 
sod ium ace t a t e  buffer ,  p H  5.4 was added  t he  e n z y m e  
so lu t ion  (20 ~zl). The  m i x t u r e  was i n c u b a t e d  a t  37 ~ for 
5 m i n  and  t he  r eac t ion  was t e r m i n a t e d  b y  the  a d d i t i o n  
of 5 ml  of 0.5 M sod ium hydrox ide .  The  a m o u n t  of l iber-  
a t ed  n i t r oca t echo l  (e 510 n m  = 12,600) was d e t e r m i n e d  
spec t ropho tome t r i ca l l y .  1 u n i t  of e n z y m e  is def ined as 
t he  a m o u n t  which  hydro lyses  1 Fmole  of n i t roca t echo l  

Some kinetic parameters of native and diazotized arylsulphatase 
BI= 

Native 1 3 1 ~  Sulphanilazo BI~ 

pH optimum 5.4 5.4 
K,, value (raM) 1.85 1.87 
V ,,,.= (mole/rain]rag) 130 15 

The enzyme was assayed as described in the text. 
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Fig. 1. The absorption spectruln of azosulphanilarylsulphatase BI~ 
(prepared at 4-fold excess of diazotized sulphanilic acid} it1 0.1 M 
sodium ~)ydroxide (heavy line). The thin line shows the absorption 
spectrum for the azoderivative of N-acetyl histidine. 
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Fig. 2. Loss of arylsulphatase B activity (native enzyme 100%) as a 
function of the degree of diazotization (A) and carbethoxylation (B). 

su lpha t e  pe r  m in  u n d e r  usua l  assay  condi t ions .  The  pro-  
t e in  c o n c e n t r a t i o n  was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l -  
ly us ing  a n  ]5; 1% 280 n m  of 17.0, and  mola r  concen t r a -  
t i ons  of a ry l su lpha t a se  B were ca lcu la ted  f rom molecu la r  
w e i g h t  4 of 55,000. D i a z o n i u m  sal ts  of su lphani l ic  acid 
were p r epa red  immediaf l ly  before use b y  the  m e t h o d  of 
J~RFu a n d  IRoYL The  c o n c e n t r a t i o n  of t he  d i azon ium 
sal ts  was n o r m a l l y  be tween  10-25 raM.  The  monoazo  
N - a c e t y l h i s t i d i n e  and  monoazoace ty l t y ro s ine  were pre-  
pa red  b y  t he  m e t h o d  of TABACHNIK a n d  SOBOT~A la. 

To 0.4 ml  of a ry l su lpha ta ses  BI~  or B l p  (100 btM) in 
0.1 m M  sodium b i c a r b o n a t e  was added  0.04 ml  of 0.56 M 
sod ium b i c a r b o n a t e  and  0.02 ml  of d iazosulphani l ic  acid. 
Af te r  keep ing  t he  t ubes  for  30 min  a t  room t e m p e r a t u r e ,  
the  r eac t ion  m i x t u r e  was passed t h r o u g h  a co lumn  
(1.2 x 5 cm) of S e p h a d e x  G-25 in 0.1 M Iris HC1, p H  7.4 
and  was Muted w i t h  t he  same buffer .  The  p rocedure  
resu l ted  in a comple te  sepa ra t ion  of l igh t  yel low azoaryl-  
su lpha t a se  B 1 (yield 90~ f rom the  o the r  r eac tan t s .  The  
azoa ry l su lpha t a se  B1 a f t e r  c o n c e n t r a t i o n  (Minicon A-25:  
A m i c o n  Corpora t ion ,  Lex ing ton ,  Mass., USA) and  f i l t ra-  
t ion  t h r o u g h  0.45 F M  fi l ter  was used for  o b t a i n i n g  the  
abso rp t ion  spectra .  Ary l su lpha t a se s  BI~  and  B1 d were 
also t r e a t ed  w i th  d ie thy l  p y r o c a r b o n a t e  b y  t he  m e t h o d  
Of LEE and VAN-]~TTEN 8, and the formation of N- 
c a r b e t h o x y  h i s t id ine  residues was followed spec t ropho-  
t ome t r i c a l l y  a t  240 n m  b y  compar i son  w i t h  t he  n a t i v e  
enzyme  b y  using e 240 n m  = 3,200. 

ResuZts a~zd discussion. The t r e a t m e n t  of a ry l su lpha-  
rases  BI~  or B I  d w i t h  10-fold mola r  excess of d iazot ized  
su lphani l ic  acid resu l ted  in 90% inh ib i t i on  of enzyme  
ac t iv i ty .  S imi lar ly  d ie thy l  p y r o c a r b o n a t e  (10 m M )  in- 
h i b i t e d  t he  ac t iv i t ies  of a ry l su lpha ta ses  BI~  or B l p  b y  
90% in 3 min.  F u r t h e r  t he  r a t e  of  i n a c t i v a t i o n  of e n z y m e  
was p ropo r t i ona l  to  d i e thy l  p y r o c a r b o n a t e  c o n c e n t r a t i o n  
and  exh ib i t s  pseudof i r s t  order  k inet ics  dur ing  t he  f irst  
3-7 ra in  of the  c a r b e t h o x y l a t i o n .  Here  i t  m u s t  be n o t e d  
t h a t  a r y l s u l p h a t a s e  BI~. and  B I  d h a v e  t he  same  k ine t i c  
p a r a m e t e r s  14 and  molecu la r  we igh t  4. The  Table  shows 
the  k ine t ic  p roper t i e s  of n a t i v e  and  d iazot ized  aryl-  
su lpha t a se  B~. i t  is conce ivab le  t h a t  the  decreased  
enzyme  ac t i v i t y  is no t  due to a change  in t he  p H  o p t i m u m  
o r / ( ~  va lue  of th i s  enzyme.  The  compar i son  of s p e c t r u m  
of su lphan i l azoa ry l su lpha t a se  B~ w i t h  su tphan i lazo  N-  
ace ty lh i s t id ine  in 0.1 M sod ium h y d r o x i d e  is shown  in 
F igure  1. I t  is obv ious  t h a t  the  2 spec t ra  are ve ry  similar ,  
and  show t h a t  azohis t idy l  residues are t he  m a i n  ch romo-  
phore  in the  vis ible  region. The  analys is  of t he  spec t ra  of 
su lphan i l azoa ry l su lpha t a se  BI~  or B1 d showed t he  pre-  
sence of 1 azohis t idy l  and  0.2 azo ty rosy l  res idue per  
molecule  of enzyme.  A s imi la r  obse rva t i on  was also m a d e  
b y  J~RFY and  R o y  7 for  su lphan i l a zoa ry l su lpha t a se  A. 
The  abso rp t ion  s p e c t r u m  of enzyme  t r e a t e d  w i t h  d i e thy l  
p y r o c a r b o n a t e  h a d  a single peak  a t  238 n m  charac te r i s t i c  
of c a r b e t h o x y h i s t i d i n e  ~5. 

The  re l a t ionsh ip  be tween  t he  loss of enzyme  a c t i v i t y  
and  e x t e n t  of d i azo t i za t ion  and  c a r b e t h o x y l a t i o n  is shown  
in F igure  2. I t  is c lear  t h a t  the  modi f i ca t ion  of a single 
h i s t id ine  residue (out  of 21) a b y  d iazo t i za t ion  or car-  
b e t h o x y l a t i o n  causes  8 5 - 9 0 %  i n a c t i v a t i o n  of a ry l su lpha-  
tases  BI~  or B1 d. F u r t h e r m o r e  w h e n  d i azo t i za t ion  or 
c a r b e t h o x y l a t i o n  was car r ied  ou t  in t he  presence  of 
40 m M  U D P  N - a c e t y l g a l a c t o s a m i n e - 4 - s u l p h a t e  ~ , ~  a 
s u b s t r a t e  for a ry l su lpha t a se  B, t he  e x t e n t  of i nh ib i t i on  
was g rea t ly  decreased  (10-fold mo la r  excess of d iazot ized  

13 IV[. TABACHNIK and H. SOBOTKA, J. biol. Chem. 234, 1726 (1959). 
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15 J .  OVAl)I, S. LiI~OR and P. ELODI, Acta biochim, biophys. 2, 455 

(1967). 



15.11. 1976 Specialia 1379 

sulphanil ic  acid causes 40% of inhibit ion).  This observa-  
t ion suggests  t h a t  the modif ied  his t idyl  residue is in, or 
is close to the  act ive site of tiffs enzyme.  H e r e  i t  m u s t  
be recalled t h a t  BENKOVIC and DUNIKOSK116 have  shown 
t h a t  the  hydrolys is  of 2, 5-(5)-imidiazolylphenyl su lpha te  
proceeds  by  an in t ramolecular  catalysis,  p robab ly  t h rou g h  
the  imidazole moie ty  ac t ing  as a general  acid-base cata-  
lyst. F u r t h e r m o r e  i t  has  also been d e m o n s t r a t e d  ~v t h a t  
a syn the t i c  po lymer  (potyethyleneimine) ,  conta in ing  only  

h is t id ine  residues as funct ional  group, is capable  of 
ca ta lyz ing  a 10-12-foId ra te  accelerat ion of the  hydrolys is  
of n i t roca techol  sulphate .  Thus  it can be suggested t h a t  
general  acid-base catalysis  by  imidazole group represen t  
a general  fea ture  of a t  least  a ry lsu lpha tases  A 7 and B. 

16 S. J. BENKOVIC and L. K. D~'NrKosKL Biochemistry 9, 1390 (1970). 
17 H. C. KIEFFER, W. L. CONGDON, I. S. SEARPA and I. M. KLOTZ, 

Proe. natn. Aead. Sci., USA 69, 2155 {1972). 

Increased in vitro Phosphorylat ion of Rat Liver Nucleolar Proteins Fol lowing Triiodothyronine 
Administrat ion 

E. FUGASSA, G. GALLO and M. PERTICA ~ 
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Summary .  I t  has  been shown t h a t  t r i iodothyronine  (Ta) admin i s t r a t i on  to thy ro idec tomized  ra ts  induces an increase 
in the  in vi t ro  n e t  aeP up take  in to  liver nueleolar  proteins.  Such an increase depends  on a s t imula t ion  of the  nucleolus- 
associa ted pro te in  kinase ac t iv i ty  and no t  on a lower dephosphory la t ion  rate.  

Thyro id  hormones  have  been previously  shown to 
s t imula te  the  ra te  of synthes is  of rapidly  labelled nuclear  
R N A  in h y p o t h y r o i d  ra t  liver-". Most  of th is  newly  syn- 
thes ized R N A  is prer ibosomM R N A  which  is specifically 
fo rmed in the  nucleolus and the  increase in nucleolar  
R N A  polymerase  ac t iv i ty  which  takes  place as ear ly  as 
10 h af ter  Ta adminis t ra t ion3  appears  to be in line wi th  
this  observat ion.  A consequence  of the  s t imula ted  pre-  
r ibosomal  R N A  synthes is  induced  by  thyro id  hormones  
m a y  be tile accumula t ion  of newly formed r ibosomes in 
t he  cy top la sm of liver cells 4. I t  is wor th  noting,  however ,  
t h a t  the  mechan i sm by  which  thyro id  hormones  s t imula te  
p re r ibosomal  R N A  synthes is  is still unclear.  
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Time-course of in vitro phosphorylation and dephosphorylation of 
liver mlcleolar proteins from rats treated with T 3 for 24 h (�9 and 
controls (Q). The nucleoli were incubated at 0.3 mg protein/ml as 
described in Materials and methods and 0.1 ml samples were with- 
drawn at the times indicated. After 10 min the reaction mixture was 
divided, a 10-fold excess of non-radioactive ATP was added to one 
part of the mixture and the incubation continued for a further 20 
rain. A - A and �9 --O,  incubations after addition of an excess 
of unlabelled ATP; �9 �9 and �9 O ,  incubations without 
addition of unlabelled ATP. The points represent the mean -~-- SD 
of 8 experiments. In each experiment nucleoli pooled from 3 to 4 
rats were used. 

Ev idence  accumula ted  in recent  years  indicates  t h a t  
the  phosphory la t ion  of nuclear  non-h is tone  prote ins  m a y  
be a pa r t  of the mechan ism regula t ing  gene express ion in 
higher  organisms'% In fact,  t he  ex t en t  of nuclear  non- 
his tone pro te in  phosphory la t ion  appears  to be correlated 
to the  t ranscr ip t iona l  ac t iv i ty  of several  t issues 6,v. In  
addi t ion,  the  phosphory la t ion  of prote ins  associated to 
nucleoli has  been suggested to  p lay  a s ignif icant  role in 
the  assembly  and processing of nucleolar  prer ibosomal  
part icles s. 

This s tudy  was unde r t aken  to inves t iga te  whe the r  the  
wel l -known increase in the  a m o u n t  of prer ibosomal  R N A  
and r ibosomes induced in ra t  liver by  T~ admin i s t r a t ion  4 
is associated wi th  an enhanced  phosphory la t ion  of liver 
nucleolar prote ins  in vitro.  

Materials and methods. Animals.  Thyro idec tomized  
male albino ra ts  (Wistar  strain) weighing 140-180 g were 
kep t  on s t an d a rd  l abora to ry  diet  and t ap  water  ad li- 
b i tnm.  Surgical t h y r o i d e c t o m y  was per formed 4 weeks 
prior  to the  exper iment .  T a (Merck A.G.,  Da rms tad t ,  
Germany)  was in jec ted  i .p.  in a single dose of 30 ag/  
100 g b o d y  wt.  a t  f ixed t imes  before death .  All animals  
were fasted overn igh t  pr ior  to sacrifice. 

P repa ra t ion  of nncleoli. Nucleoli were isolated f rom 
liver nuclei by  the  sonicat ion procedure  of }-IIGASHINAKA- 
aAWA et  al.". The purif ied nucleolar  pel let  was suspended 
in 0.25 M sucrose conta in ing  1 m M  di th io thre i to l  (DTT) 
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