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points  provide  unequivoca l  evidence for the  hybr id  na ture  
of R.  esculenta,  as a l ready  pos tu la ted  f rom morphologica l  
and cytological  studies and analyses  of t he  serum proteins  
(for specific references see Vogel and Chen 2). Because of 
its low pH,  the  sys tem of Wil l iams and Reisfeld ~ has  a 
ra ther  l imi ted  resolving power.  Thus,  the  5 anodal  iso- 
zymes  in pa t t e rns  W V I I ,  W I X  and W X  each form a 
single broad band (figure 2). This is obvious ly  also the  
reason w h y  pa t t e rn  W X  exhibi ts  only  5 enzyme bands,  
despite the  presence of 3 different  subuni ts  (A, B e and Ba). 
As shown in figure 3, tke  heterozygous  pa t t e rns  in 
lessonae, r id ibunda  and esculenta  could be produced  by  
in v i t ro  hybr id iza t ion  of L D H  samples prepared  f rom the  
proper  homozygous  genotypes.  A l though  only  one hybr id  
zymogram for esculenta  (esc) is included in figure 3, we 
were able to produce  the  o ther  3 pa t t e rns  by  mixing  the  
corresponding enzyme ex t rac ts  f rom lessonae and ridi- 
bunda.  Fur the rmore ,  f rom the  control  zymogram in 

figure 3, i t  is clear t h a t  mixed  L D H  samples wi thou t  
being subjec ted  to  freezing and thawing  pr ior  to electro-  
phoresis y ie lded oniy  addi t ive  pa t te rns .  In  conclusion, 
the  resul ts  of in v i t ro  hybr id iza t ion  are in excel lent  
agreement  wi th  the  moleculargenet ic  implicat ions  re- 
vealed  by  our  analysis of the  L D H  pat terns .  
Uzzel l  and Berger  7 repor ted  the  occurrence of 5 B sub- 
units f rom their  inves t iga t ion  of the  L D H  pa t t e rns  in the  
R. esculenta  complex.  One of these  was found only  in 1 
lessonae and 4 esculenta  f rom the  v ic in i ty  of Vienna, 
a l though t h e y  examined  also animals  collected f rom other  
par ts  of Europe.  Appa ren t ly  this  allele is of only  l imi ted 
geographical  location.  T h e y  per formed no extens ive  cross 
exper iments  to c lar i fy  the  inher i tance  of the  L D H  pheno-  
types  identif ied by  them.  

7 T. Uzzell and L. Berger, Proc. nat. Acad. Sci. USA 127, 13 
(1975). 
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Summary. Soluble arylsulphatase  purif ied f rom growing bones of ra ts  was f rac t iona ted  into 3 components  wi th  mol. wt  
of 32,000-36,000, and character is t ics  similar  to ary lsu lphatase  B of o ther  tissues. Serum strongly inhibi ted the  2nd 
component ,  s l ight ly ac t iva ted  the  3rd and had no effect on the  1st. 

'So lub le '  a ry lsulphatases  A and B (EC 3.1.6.i.) are lo- 
ca ted  in lysosomes3-L Sulphatase  A possibly acts as 
cerebroside sulphatase,  sulphatase  13 is t hough t  to funct ion 
as a chondroi t in  sulphatasee,  ~, ke ra tan  sulphatase  8, or 
d e r m a t a n  sulphatase  ~. 
Arylsu lphatase  act iv i t ies  has  been es t imated  f rom bone 
and a r t i cu la r  cartilageS0, n, bu t  character is t ics  of the  
enzymes  in  bone have  no t  been repor ted  previously.  I n  
this  s tudy  we character ized 'soluble '  arylsulphatases  f rom 
growing ra t  bones. Only  B- type  of ac t iv i ty  was found. 
3 components  of the  enzyme were pur i f ied and an inhibi-  
t ion of hydrolys is  of p -Ni t roca thecol  sulphate  by  serum 
was discovered.  
Material and methods. The  femurs  of ra ts  aged 22-28 days  
were c leaned f rom mar row tissue and homogenized  in 
deionized wate r  using ' U l t r a - T u r r a x '  ( Janke & Kunke l  
KG) and centr i fuged a t  20,000 •  for 30 min. P a r t  of the  

nonspecific pro te in  of the  supe rna tan t  was prec ip i ta ted  
a t  p H  5.6 and r emoved  by  cent r i fugat ion  as above.  The  
arylsulphatase  ac t i v i t y  was assayed using a modif ied 
me thod  of Roy  x~. The  react ion mix tu re  conta ined:  0.2 ml  
of 10 mM p-Ni t roca thecol  sulphate  in 0.1 M Na-ace ta te  
buffer,  p H  5.3, and 0.2 ml of sample.  Af te r  a 30 rain 
incubat ion  a t  + 37~ the  react ion was s topped in an 
ice-bath adding 0.6 ml  of 1 M NaOH.  The l iberated 
p-Ni t roca thecol  was measured  a t  515 nm. The ra te  of 
hydrolysis  was l inear  wi th  t ime  and enzyme concentra-  
t ions up to 60 rain of incubat ion.  
Results and discussion. Since ary lsu lphatase  ac t iv i ty  m a y  
be bound  to lysosomes or microsomal  membranes  ~, soni- 
cation,  autolysis overn igh t  a t  37~ or  t r e a t m e n t  wi th  
Tr i ton  X-100 were tested.  Nei ther  cons tan t  increase in 
yields, nor new components  of the  enzyme were obtained.  
Prec ip i ta t ion  wi th  a m m o n i u m  sulphate  gave. unsatis-  
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Fig. 1. Isoelectric focusing was made in LKB Ampholine 8100 
column using sucrose gradient, pH-range 3.5-10.0 according to the 
manufacturers instructions. O--O, Enzyme activity, - - - ,  pH- 
gradient. Fraction numbers are shown on abscissa and isoeleetric 
points of the fractions given. 
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Purification procedure 

Protein Specified Purification Relative 
(mg/ml) activity coefficient yield 

Supernatant of 6.96 1.053 1.00 100 
bone homogenate 

Tissue extract 
(after treatmeat 
at pH 5.6) 2.68 2.670 2.54 80 

Isoelectric focusing* 
Peak I 27 
Peak II - 152 
Peak III  118 

Sephadex G 50 gel 
filtration from 
Peak I 0.15 32.260 30.64 29 
Peak II 0.12 100.080 95.04 170 
Peak III  0.18 86.670 82.31 97 

* Because of the presence of Ampholine the protein concentration 
was not determinated at this stage. 
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Fig. 2. Effects of selected activators and inhibitors on rat bone 
arylsulphatase activity on peak II are shown; all components 
behaved similarly. O-- O, Enzyme activity. 
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Fig. 3. The effect of serum on the arylsulphatase activity of tissue 
extract  and pools I, II and III. � 9  � 9  Tissue extract; • -- ~<, pool I; 
A--A, pool II; O--�9 pool III. 
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f ac to ry  r e su l t s  a n d  t h e  s imple  a n d  c o n s t a n t  resul t s  p rod-  
uc ing  p r e c i p i t a t i o n  a t  p H  5.6 was chosen  as t h e  pre-  
t r e a m e n t .  
S u p e r n a t a n t  (called as t i ssue  ex t r ac t )  o b t a i n e d  a f t e r  th i s  
p r e c i p i t a t i o n  was sub j ec t ed  to  p r e p a r a t i v e  e lectrofocus-  
rag. 3 c o m p o n e n t s  of e n z y m e  a c t i v i t y  were s e p a r a t e d  
(figure 1). P e a k  I r ep re sen t s  10%,  p e a k  I I  57% a n d  
peak  I n  33% of t he  t o t a l  ac t iv i ty .  These  peaks  were 
pooled s e p a r a t e l y  a n d  sub j ec t ed  to S e p h a d e x  G-50 gel 
f i l t ra t ion .  D E A E  c h r o m a t o g r a p h y  us ing  a semi-open  
l inear  NaC1 g r a d i e n t  a n d  0.05 M Tr i s - ace t a t e  buf fe r  
(pH 7.7), also f r a c t i o n a t e d  t h e  a r y l s u l p h a t a s e  in to  3 com- 
ponen ts .  Pu r i f i ca t i on  coefficients ,  ca lcu la ted  f rom the  
t o t a l  ac t iv i ty ,  are  g iven  in t h e  tab le .  
The  a r y l s u l p h a t a s e  a c t i v i t y  of h o m o g e n a t e  or t i ssue  ex- 
t r a c t  was  e lu ted  as a single p e a k  co r respond ing  to reel.  
w t  of 67,000-70,000 in S e p h a d e x  G-200 gel f i l t ra t ion .  Af t e r  
e lec t rofocus ing  al l  3 c o m p o n e n t s  b o t h  a lone  a n d  pooled 
t o g e t h e r  e lu ted  also as one  p e a k  b u t  co r r e spond ing  to  
reel.  w t  of 32,000-36,000. The  resu l t s  were t he  same  in 
S e p h a d e x  G-50 a n d  G-100 gel f i l t ra t ions .  No a c t i v i t y  was  
found  co r r e spond ing  to  reel.  w t  of a r y l s u l p h a t a s e  A xs 
d u r i n g  a n y  s teps  of pur i f ica t ion .  
Peaks  I a n d  n a n d  t h e  o p t i m u m  p H  a t  5.0, p e a k  n I  a t  
5.5. P e a k  I a n d  I I  h a d  a Kin-va lue  of 3.3 raM, p e a k  I I I  
6.1 m M  e s t i m a t e d  accord ing  to  L i n e w e a v e r - B u r k ' s  m e t h -  
od  (wi th  30 m i n  i n c u b a t i o n  a t  p H  5.3). 
Sod ium chlor ide,  a t yp i ca l  i n h i b i t o r  of a r y l s u l p h a t a s e  
B 14, caused  a n  i n h i b i t i o n  on al l  e n z y m e  c o m p o n e n t s  
separa te ly .  Th i s  i n h i b i t i o n  was  s t ronge r  w h e n  t e s t ed  w i t h  
3 c o m p o n e n t s  pooled toge the r ,  The  effects of se lected 
a c t i v a t o r s  a n d  inh ib i t o r s  are  s u m m a r i z e d  in f igure 2. The  
p r o b l e m  in s tud ies  of s imple  effectors  is t h a t  chloride,  
t a r t r a t e ,  n i t r a t e ,  a n d  s u l p h a t e  an ions  all  affect  t he  reac-  
t ion.  3 c o m p o n e n t s  of a r y l s u l p h a t a s e  h a v e  la rger ly  s imi lar  
p H  op t ima ,  Kin-values,  a n d  mol. w t ;  also inh ib i to r s  a n d  
a c t i v a t o r s  h a v e  s imi la r  effects. Th i s  suggests  t h a t  t h e  3 
fo rms  are  closely re la ted ,  d i f fer ing m a i n l y  in e lectr ical  
charge.  The  reel.  w t  a n d  t h e  effects  of CI-, P20~ == a n d  F -  
ions sugges t  t h a t  t he  a r y l s u l p h a t a s e  a c t i v i t y  of bone  cor- 
r e sponds  to s u l p h a t a s e  B 9,1~, x% a l t h o u g h  t h e  isoelectr ic 
p o i n t  of p e a k  I is ana logous  to  t h a t  of a r y l s u l p h a t a s e  A 
in o t h e r  t i ssues  ~. H o o k  e t  al. ~s a n d  W o r w o o d  e t  al. 19 h a v e  
also r epo r t ed  t h e  p r e d o m i n a n c e  of a ry l su lpha t a se  ]3 in  r a t  
t issues.  
W h e n  we s tud ied  t he  phys io logica l  r egu la t ion  of a ry l -  
su lpha tase ,  we d i scovered  a s t rong  inh ib i t i on  of h y d r o l y -  
sis of p -N i t roca theco l  s u l p h a t e  b y  s e rum (figure 3). Th i s  
effect  on  pooled  e n z y m e  c o m p o n e n t s  d id  n o t  change  w h e n  
d i lu ted  s e r u m  was  w a r m e d  a t  80 ~ for  10 rain.  The  effect  
on  3 f r ac t ions  of a r y l s u l p h a t a s e  was  di f ferent .  S e r u m  
s t rong ly  i n h i b i t e d  p e a k  II, a c t i v a t e d  p e a k  I n  a n d  h a d  
no  effect  on  p e a k  I. 
D u r i n g  pur i f i ca t ion ,  t he  t o t a l  a c t i v i t y  increased  a b o u t  
Mold w h e n  c o m p a r e d  to  t h e  or ig ina l  homogena t e .  Th i s  
suggests  a s e p a r a t i o n  of inh ib i to r ( s )  or o the r  s u b s t r a t e s  
w h i c h  could o r ig ina te  f rom t h e  serum.  Th i s  t y p e  of effect  
of s e rum has  n o t  been  k n o w n  previous ly ,  O k a d a  e t  al. 9 
on ly  br ie f ly  m e n t i o n e d  a n  a c t i v a t o r y  effect  b y  a lbumin .  

14 H. Baum, K. S. Dodgson and B. Spencer, Clin. chim. Acta 4, 
453 (1959). 

15 E. Allen and A. B. Roy, Biochim. biophys. Acta 168, 243 
(1968). 

t6 J .L .  Breslow and H. R. Sloan, Biochem. biophys. Res. Corn- 
mum 46, 2, 919 (1972). 

17 L.W. Nichol and A. B. Roy, Biochemistry 5, 1379 (1966). 
18 G.E.R. Hock, K. S. Dodgson and F. A. Rose, Biochem. J. 134, 

191 (1973). 
19 M. Worwood, K. S. Dodgson, G. E. R. Hook and F. A. Rose, 

Biochem. J. 734, 183 (1973). 


