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Summary 

Sulphatases B l a  and BI~ (EC 3.1.6.1) have been prepared as apparantly 
homogeneous proteins by chromatography on ConA-Sepharose. Both have a 
mol. wt. of  56 000, and ~1~ of 17 and a turnover number  of 8600 min -1 ~ 2 8 0 n m  
with nitrocatechol sulphate as substrate. Their amino acid compositions are 
identical: like sulphatase A, the sulphatases B are rich in proline and yield glu- 
cosamine on hydrolysis. They are not  altered by treatment with neuraminidase. 

Both fractions show strong UDP-N-acetylgalactosamine 4-sulphatase activity, 
weak iduronate sulphatase activity, bu t  no significant heparan N-sulphatase 
activity. It is suggested that  the physiological activity of sulphatase B is that of  
the N-acetylgalactosamine 4-sulphatase which is lacking in the Maroteaux-Lamy 
Syndrome. 

Introduct ion 

The arylsulphatases (EC 3.1.6.1) have recently attracted considerable atten- 
tion because of  their medical importance and because it is evident that their 
specificities are quite different from that implied by their name. Sulphatase A 
is a cerebroside sulphatase [1],  or bet ter  a galactoside 3-sulphatase, and a con- 
genital defect  in this enzyme is the cause of the metabolic disease metachro- 
matic leucodyst rophy which is characterised by an accumulation of  cerebroside 
sulphate in the body.  Sulphatase B is defective in the Maroteaux-Lamy Syn- 
drome (Mucopolysaccharidosis VI) [2,3] and studies of the crude enzyme sug- 
gest that it might be a N-acetylgalactosamine 4-sulphatase [4]. Although sul- 
phatases A have been obtained from several sources as homogenous proteins 
[5--7],  correspondingly pure preparations of sulphatase B have been obtained 
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only from autolysates of ox brain [8]. The purification of sulphatase B from 
ox liver is made difficult by it occurring in much lesser amounts than sulpha- 
tase A and by being present in several different forms which are separable by 
ion-exchange chromatography. The relationships between these different forms 
are by no means clear: they may be artefacts produced during the preparation, 
they may be intermediary forms produced during the biosynthesis of the en- 
zyme [9] or they may truely be individual enzymes. Detailed information is 
certainly required in view of the suggestions [ 10], based on a s tudy of multiple 
sulphatase deficiency, that sulphatases A and B may have a common subunit. 
Obviously this cannot  be studied until the enzymes are available in a state of  
homogenei ty  and in some quantity.  

The present paper describes the preparation of  two forms of sulphatase B 
from ox liver. 

Experimental 

Determination of sulphatase B. Sulphatase B was determined as previously 
described [11] using 0.01 M 2-hydroxy-5-nitrophenyl sulphate (nitrocatechol 
sulphate) as substrate in 0.5 M sodium acetate/acetic acid buffer, pH 5.4, and 
measuring the amount  of  4-nitrocatechol liberated during 5 min incubation. 
One unit of  sulphatase B hydrolyses 1 pmol  of  nitrocatechol sulphate per min 
at 37 ° C. 

Determination of protein. During the preparation of  the enzyme, proteins 
were determined by the Lowry et al. method [12] using crystalline bovine se- 
rum albumin as standard. The concentrations of purified preparations of the 

L-I~ of 17 (see enzyme were determined spectrophometrically using an -280nm 
below. 

Purification of sulphatase B. Sulphatases B l a  and Blfi were purified to stage 
6 of  ref. 11 (these enzymes were called Ba and Bfi therein: see ref. 8) except  
that protein solutions were concentrated by ultrafiltration through Diaflo UM10 
membranes (Amicon Corp., Lexington, U.S.A.). The enzymes from 72 kg of 
liver were exhaustively dialysed against a buffer (starting buffer) containing 0.02 
M Tris, 0.1 M NaC1, 1 mM MnC12 and I mM CaCl: adjusted to pH 7.4 with HC1. 

These solutions were applied at room temperature to columns (20 × 1 cm) of  
ConA-Sepharose (Pharmacia, Stockholm) in starting buffer and e lu ted  with the 
same buffer  at a rate of 0.1 ml/min. After 40 ml of  buffer had passed through 
the column elution was continued with a linear gradient formed from 75 ml of 
starting buffer  and 75 ml of  starting buffer containing 0.4 M methyl  ~-D-man- 
noside. The enzymes were eluted in rather sharp peaks after about  50 ml of  this 
gradient had passed through the column, as shown in Fig. 1 for sulphatase Bla .  
The appropriate fractions were combined,  concentrated by ultrafiltration and 
exhaustively dialysed against starting buffer or 0.1 M Tris • HC1, pH 7.4. The 
resulting preparations were stable for many months when stored at 5°C. 

Amino acid analysis. Samples (approx. 2 mg) of  sulphatases BI~ and BI~ 
were dialysed exhaustively against 0.14 mM NaHCO3 prior to hydrolysis in va- 
cuo for 22 h at l l 0 ° C  in 6 M HC1 in the presence of  an equal weight of  phenol; 
The hydrolysates were analysed under standard conditions using a Beckman 
120C analyser. Considerable loss of  protein occurred during dialysis under the 
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Fig .  1.  T h e  e l u t i o n  o f  s u l p h a t a s e  B I ~  f r o m  a c o l u m n  o f  C o n A - S e p h a x o s e  w i t h  a g z a d i e n t  o f  f x o m  0 t o  0 . 4  

M m e t h y l  ~ - D - m a n n o s i d e  ( 1 5 0  m l ,  a p p l i e d  a t  a r r o w ) .  F u l l  e x p e r i m e n t a l  d e t a i l s  axe g i v e n  i n  t h e  t e x t .  

• e n z y m e  a c t i v i t y ;  . . . . . .  • A 2 8 0 n  m .  

above conditions: this was apparently a result of the low ionic strength because 
no loss occurred during dialysis at pH 7.4, I = 0.1. 

Ultracentrifugation. Ultracentrifugation was carried out  in a Spinco Model E 
ultracentrifuge fitted with schlieren or interference optics as appropriate. An-D, 
An-E and An-H rotors were used at 20 ° C. 

Value of s and ~ were calculated using standard methods. Boundaries were 
analysed by the method of Baldwin [13]. Molecular weights were determined 
by the equilibrium method of Yphantis [14]. The value of ~ was taken to be 
0.72, the same as that  for sulphatase A [15]: the value calculated from the 
amino acid composition {Table I) was 0.73 and this would be lowered by the 
carbohydrate known to be present in the enzyme. 

Treatment with neuraminidase. A mixture of sulphatases BI~ and BI~ (30 
mg protein, specific activity 2 unit/mg) was treated in a total volume of 4 ml 
with 500 units of neuraminidase (from Vibrio cholerae, Behringwerke, G.F.R.) 
for 3 h at 37°C and pH 5.7. The reaction mixture was then exhaustively dia- 
lysed against an imidazole buffer, pH 6.5, I = 0.1 [11]. 

Results 

An approximately 104-fold purification of sulphatase B was achieved with a 
total yield, from the initial extract, of about 10%. The final step, chromatog- 
raphy on ConA-Sepharose gave a 10-fold increase in specific activity in a yield 
of at least 80%. Sulphatases B la  and BI~ were each obtained in a yield of about 
0.07 mg/kg liver with specific activities of 130--140 units/mg. Unlike ox brain 
[8], ox liver contained only small amounts of sulphatase B2, the purification of 
which was not  at tempted,  and no detectable sulphatase B3. 

The concentrations of pure samples of  sulphatases B la  and B1/3 were deter- 
mined by differential refractometry,  using a specific refractive increment of 
0.00018 1 • g-l. On this basis, the values of wl~ ~2S0nm were 17 at both pH 7.4 and 
9.0 for sulphatases B la  and BI~. 

The samples of  sulphatases B la  and BI~ obtained by the above method were 
homogeneous with respect to sedimentation coefficient and molecular weight. 
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Both sedimented as single symmetrical boundaries and there was no significant 
difference between the values of s for the two fractions. Eight determinations, 
at protein concentrations between 0.1 and 0.5%, showed no significant varia- 
tion of  s with concentration and gave a mean s20.w of  4.5 S. Boundary anal- 
ysis confirmed the homogeneity of the preparations with respect to s, as shown 
in Fig. 2 for sulphatase B l a .  

Equilibrium sedimentation showed the homogeneity of the preparations 
with respect to molecular weight, as shown in Fig. 3, again for sulphatase Bla .  
The molecular weights (mean + S.D. for six determinations on three prepara- 
tions) were 56 700 + 3600 and 55 300 + 1400 for sulphatase B la  and B1/3 re- 
spectively, both at pH 7.5, I = 0.1, in diethylbarbiturate buffer. These values 
are clearly indistinguishable, and a value of  56 000 was used for both fractions. 

Chromatography on Sephadex G-100 gave considerably lower estimates for 
the molecular weight. In Tris • HC1 buffer, pH 7.5, I = 0.1, both fractions were 
indistinguishable and their elution volumes were close to that of  ovalbumin, 
corresponding to a mol. wt. of 47 000. In dilute solution the enzymes were 
quite strongly adsorbed to Sephadex G-100 and the elution profiles were quite 
asymmetric, with considerable tailing. The effect could be virtually completely 
eliminated by having bovine serum albumin (10 mg/ml) present in the solution 
applied to the column. 

The amino acid compositions of sulphatases Bla  and B1/3 were also indistin- 
guishable (Table I) and differed only slightly from those of  the sulphatase B of  
ox brain [9]. Small amounts of  glucosamine, 2--3 residues/mol of protein, were 
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Fig .  2. The  t i m e  d e p e n d e n c e  o f  the  a p p a r e n t  d i s t r i but i on  o f  the  s e d i m e n t a t i o n  c o e f f i c i e n t  o f  su lphatase  
Blc~ at  pH 7 .5  in d i e t h y l b a r b i t u r a t e  b u f f e r ,  I = 0 . 1 .  A n E  ro tor ,  3 c m  cel l ,  52 0 0 0  r e v . / m i n ,  p r o t e i n  c o n e .  
0 .13%.  The  p o i n t s  s h o w  (s - -  ~)2 as a f u n c t i o n  o f  1 / t e  gc°2t at values o f  0 .2 ,  0 .4 ,  0 . 6  a n d  0 .8  forg*(s)/g* 
(S)ma x. There  was  n o  d i f f e r e n c e  b e t w e e n  the  l ead ing  and  trail ing s ides  o f  the  Pat tern  and the  p o i n t s  are 
m e a n s .  

Fig .  3.  Fringe  d i s p l a c e m e n t s  in t h e  e q u i l i b r i u m  s e d i m e n t a t i o n  o f  su lphatase  Blc~ at pH 7 .5  in d i e thy lbarb i -  
turate  buf f er ,  I = 0 .1 .  o,  o ;  di s t r ibut ion  af ter  s e d i m e n t i n g  for 1 0 . 5  and  1 1 . 5  h,  r e s p e c t i v e l y  at 26 0 0 0  
r e v . / m i n  in an  A n D  ro tor .  
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T A B L E  I 

T H E  P A R T I A L  A M I N O  A C I D  C O M P O S I T I O N  OF S U L P H A T A S E S  B I ~  an d  BI~  FROM OX L I V E R  

Values are given in dup l ica te  and  are based  on a mol .  wt .  of  56 000.  No co r r ec t ions  were  m a d e  for  pos- 

sible des t ruc t ion  dur ing  hydro lys i s  so t h a t  the  values for  t h r e on in e  and serine will be low.  

Res idues / too l  

B I ~  Bll3 Mean 

Lys  23 .0  
His 18.9 
Arg 31.3 
Asx 52.5 
Th r  32 .9  
Ser 27.9 
Glx 44 .2  
Pro 44 .2  
Gly 45.2 
Ala 32.1 
Val 28.4 
Met  5.5 
Ileu 15.7 
Leu  61 .5  
Ty r  22.3 
Phe 19.8 

22 .3  21.0,  20.4 22 
18.6 19.1,  17.2 18 
31.4 31.5,  29.9 31 
54.2 52.8,  54.0 53 
33.7 33.0,  33.6 33 
27.6 26 .3 ,  27 .0  27 
44.9 43.6,  44.7 44 
44 .4  44 .4 ,  44.6 44 
45 .4  43 .9 ,  45.7 45 
32.4 32.0,  33.0 32 
28.8 28.1,  19.4 29 

4.0 6.0, 4.3 5 
16.5 16.0,  17.1 16 
63 .2  61 .9 ,  63 .0  62 
23 .4  24.4,  23 .0  23 
20.3 20.6,  20 .0  20 

consistently found in the hydrolysates of  sulphatase B. The true content  of  the 
amino sugar must be about  double this. 

When a mixture of  sulphatases B l a  and B1/3 (stage 5 of ref. 11) was chroma- 
tographed on ConA-Sepharose as described above the enzyme was eluted in a 
diffuse peak (Fig. 4), quite different from that of  the separated fractions (Fig. 
1). Rechromatography of the leading and trailing portions of this peak, under 
the same conditions, gave much sharper peaks of  enzyme activity (Fig. 4) and 
rechromatography of these under standard conditions [11] on CM-Sephadex 
showed that the leading and trailing portions of the original diffuse peak con- 
tained predominantly sulphatases B l a  and BI~ respectively (Fig. 4). These two 
forms of  sulphatase B can therefore be separated by chromatography on ConA- 
Sepharose, although much less efficiently than by chromatography on CM- 
Sephadex, as can be seen by comparing the two elution patterns at the top of  
Fig. 4. 

Treatment of  a mixture of sulphatases B l a  and Blfl with neuraminidase as 
described in the experimental section did not  alter either the proportions of the 
two enzymes in the mixture nor their elution volumes from CM-Sephadex. 

Carbohydrate-sulphatase activities o f  sulphatase B 
Purified samples of  sulphatases B l a  and B1/3, prepared as above, show carbo- 

hydrate-sulphatase activities. The results are summarised in Table II. Both frac- 
tions show a pronounced UDP-N-acetylgalactosamine 4-sulphatase activity (per- 
sonal communicat ion from Fluharty, A.L.). Although neither shows significant 
heparan N-sulphatase activity [16] (personal communicat ion from Neufeld, 
E.F. and Hall, C.), both show small amounts of  iduronate sulphatase activity 
with O-(a-L-idopyranosyluronic acid 2-sulphate)-(1 -~ 4)-2,5-anhydro-D-[ 3H-1]- 
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Fig. 4. The c h r o m a t o g r a p h y  of  su lphatases  B I ~  and  Blfl. A. The  sepa ra t ion  of  su lphatases  B I ~  and Blfl 
on  CM-Sephadex as de ta i led  in ref. 11. B. Partial  reso lu t ion  of  the  m i x t u r e  on ConA-Sepharose  as de- 
scr ibed in the  text .  C and  D. R e c b r o m a t o g r a p h y  on ConA-Sepharose  of  the  leading and  trail ing sides re- 
spect ively  of  the e lu t ion  profi le  s h o w n  in B. E and  F. C h r o m a t o g r a p h y  on CM-Sephadex (as in A) of  the  
peak  tubes  f r o m  the e lu t ion  profi les  s h o w n  in C and D, respect ive ly .  

T A B L E  II 

C A R B O H Y D R A T E - S U L P H A T A S E  A C T I V I T I E S  OF S U L P H A T A S E  B 

The activi t ies were  d e t e r m i n e d  by  the m e t h o d s  n a m e d  in the  t ex t  b u t  are c o n v e r t e d  to  s t anda rd  uni ts  to 
a l low com par i son .  T w o  values for  a ry l su lpha tase  ac t iv i ty  are given: the  first was ob t a ined  as descr ibed  in 
the  text ,  the  s econd  by a s imilar  m e t h o d  b u t  using 30  rain i n c u b a t i o n  a t  pH 5.8. The  ma jo r  pa r t  of  the  
d i sc repancy  b e t w e e n  the  two  sets of  results  can  be a c c o u n t e d  for  by  the  d i f f e ren t  condi t ions ,  thus  showing  
tha t  l i t t le ac t iv i ty  was lost dur ing  t r anspo r t  of  the  e n z y m e  f rom Canber ra  to  l abora to r i es  in the  U.S.A. 

T y p e  of  ac t iv i ty  T ime  of Sulphatase  ac t iv i ty  
i ncuba t ion  ( # m o l •  rain - !  • m g  -1 ) 

B l a  Blfl  

Ary l su lpha tase  (1) 5 m in  17 .0  17.5 
Ary l su lpha tase  (2) 30 rain 6.0 6.3 
N-Ace ty l ga l ac t o sam i ne  4-sulphatase  2 h 0 .048  0 .051 
I d u r o n a t e  su lphatase  24 h 0 . 0 0 0 1 0  0 . 0 0 0 1 3  
H e p a r a n  N-sulPhatase  4 h 0 0 

mannitol 6-sulphate as substrate [17] (personal communication from Neufeld, 
E.F. and Liebaers, I.). 

Discussion 

Sulphatases B la  and Blfl have been isolated from ox liver in a yield of  about 
0.07 mg/kg of liver: this low yield reflects the low concentration in the tissue 
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[18] rather than loss during preparation. Both enzymes are homogeneous with 
respect to sedimentation coefficient and molecular weight. The latter, deter- 
mined by equilibrium sedimentation, is 56 000, similar to that of the sulpha- 
tases B of ox brain [8] but considerably greater than the value of 45 000 pre- 
viously reported [11] for the liver enzymes. This lower value was determined 
by gel filtration and it has been confirmed in the present work. The sulphatases 
B of ox brain [8] and human liver [19] also gave lower molecular weights by 
gel filtration. The reason for the discrepancy probably lies in the adsorption of 
sulphatase B to Sephadex giving falsely high elution volumes. Some properties 
of the sulphatase B of ox liver are summarised in Table III along with corre- 
sponding values for ox liver sulphatase A, and for the sulphatase B of ox brain 
[8] and human liver [19]. Some of the parameters of the latter enzyme are sur- 
prisingly different from those of the other sulphatases B. 

Sulphatase B, like sulphatase A [ 15], contains rather large amounts of proline 
(Table I). Relative to sulphatase A, it contains a higher proportion of basic 
amino acids, accounting for its higher isoelectric point [11], and of tyrosine, 

~1~ Sulphatase B is, like sulphatase A [20], a accounting for its higher ~280nm. 
glycoprotein yielding glucosamine on hydrolysis: unfortunately, scarcity of ma- 
terial has prevented a complete analysis of its carbohydrate content. However, 
the fact that the ion-exchange chromatographic behaviour of neither sulphatase 
Bla nor BI~ is altered by treatment with neuraminidase suggests that terminal 
sialic acid residues are lacking. As these two sulphatases are partially resolved 
by chromatography on ConA-Sepharose it is possible, but by no means certain, 
that they may differ in their carbohydrate content. 

The data in Table II show that both sulphatases Bla 'and BI~ have pronounced 
UDP-N-acetylgalactosamine 4-sulphatase activity. The ratio of this activity to 
the arylsulphatase activity is similar to that of a purified preparation of sulpha- 
tase B from human placenta (personal communication from Fluharty, A.L.) 

T A B L E  I I I  

S O M E  P R O P E R T I E S  O F  S U L P H A T A S E S  A A N D  B O F  O X  L I V E R  

S u l p h a t a s e s  Blc~ a n d  B I ~  d o  n o t  d i f f er  in the  p a r a m e t e r s  l i s ted.  The  t u r n o v e r  n u m b e r s  w e r e  d e t e r m i n e d  
a t  3 7 ° C  w i t h  n i t r o c a t e c b o l  s u l p h a t e  as substrate :  su lphatase  A, p H  5.0~ 0.1 M NaCl ;  s u l p h a t a s e  B, p H  5 .4 ,  

0 . 5  M a c e t a t e .  T h e  values  for the  e n z y m e s  f r o m  ox  b r a i n  a n d  h u m a n  l i ve r  are given for  c o m p a r i s o n  a n d  
were  t a k e n  f r o m  refs.  S a n d  19 ,  re s pec t i ve l y .  

Sulphatase 

A B B B 

ox  o x  ox  h u m a n  
liver liver brain liver 

0 
s20,w (S) 6.4 4.5 4.4 2.5 
Mol.wt. (equilibrium sedimentation) 107 000 56 000 60 000 60 000 

(gel filtration -- 47 000 45 000 50 000 

pI  3 . 4  8 .3  * - -  - -  
E l %  

2 8 0  n m  7 .0  17 17 0 . 9 8  
T u r n o v e r  no .  ( ra in  -1 ) 22  6 0 0  8 6 0 0  5 8 0 0  5 6 0 0  ** 

* Isoe lec tr ic  f o c u s s i n g  [ 1 1 ] .  
** C a l c u l a t e d  f r o m  data  in ref .  19.  
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and the findings therefore support  the suggestion [4] that UDP-N-acetylgalac- 
tosamine 4-sulphatase and sulphatase B activities are due to a single protein. 
The former must be related to the physiological activity of  sulphatase B. The 
iduronate sulphatase activities are slight but  may nevertheless be significant: 
this could only be decided after further, and more concentrated,  preparations 
of sulphatase B became available. The view that sulphatase B and iduronate sul- 
phatase are separate entities is supported by the fact that  these activities are de- 
ficient in two distinct inborn errors of  metabolism, the Maroteaux-Lamy Syn- 
drome [2,3] and the Hunter  Syndrome [16] respectively. As stated above, sul- 
phatases B l a  and Blfl showed no significant heparan N-sulphatase activity. 

No light is shed by this work on the nature of  the multiple forms of sulpha- 
tase B. As reported,  this method of preparation yields only sulphatases B l a  and 
BI~ whereas a similar preparation from an autolysate of  ox brain gives at least 
seven fractions [8]. This could mean that changes have occurred during autol- 
ysis but  Eto et al. [21] have noted that the sulphatase B of human brain is 
more heterogeneous than that of  human liver so that the multiplicity might be 
a characteristic of the tissue rather than of  the method of  preparation. On the 
other hand, the recent studies of Agogbua and Wynn [19] have detected only 
one sulphatase B in human liver under conditions where autolysis might have 
been expected to be severe. Attempts  to prepare sulphatase B from autolysates 
of liver were not  successful and, whatever the result, interpretation would have 
been difficult because it could not  be assumed that autolysis would follow the 
same course in brain and in liver. The possibility should not  be discounted that 
the different sulphatases B may be different enzymes and that their arylsulpha- 
tase activities might simply reflect some quite different type of  sulphatase ac- 
tivity. They might, in fact, be the as yet  unstudied sulphatases at present known 
only as enzymes which are defective in certain mucopolysaccharidoses [22]. If 
this be the case, then a tissue specificity is not  unexpected.  
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