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SUMMARY 

A mutant a ry l su l f a tase  B form is  described in skin f i b rob las t s  from a 
pa t ien t  wi th Maroteaux-Lamy syndrome. This mutant enzyme is i den t i ca l  in 
i t s  e lec t rophore t l c  mob i l i t y  and ant igen ic  determinants to a r y l su l f a t ase  B 
from normal f l b rob las ts  but has a markedly reduced (15%) s p e c i f i c  a c t i v i t y .  

I NTRODUCTI ON 

Mucopolysaccharidosls type V l ,  Maroteaux-Lamy syndrome (MLS) is  an 

autosomal recessive d isorder which ls character ized by hepatosplenomegaly, 

corneal opac i t i es ,  ske le ta l  malformations, and increased ur inary  excret ion of  

dermatan su l f a te  (1,2) .  In 1972, Barton and Neufeld (3) reported the presence 

of a prote in  f rac t i on  in normal human urine which could correct  abnormal 

accumulation of  35S04 labeled mucopolysaccharide in f i b rob las t s  from pat ients  

wi th MLS. Recently, l l v e r ,  kidney, spleen, brain and cu l t l va ted  f i b rob las t s  

from pat ients  wi th MLS were shown to contain reduced a c t i v i t y  of  a r y l su l f a tase  B 

(ASB) (4).  

The present study was undertaken to determine the nature of  the residual 

ASB a c t i v i t y  in pat ients  wi th MLS. These studies demonstrate the presence of  

an an t l gen i ca l l y  cross-react ing mater ia l  which has decreased enzymatic a c t i v i t y  

in skin f l b rob las ts  from a pat ien t  with th is  d isorder .  

MATERIALS AND METHODS 

Tissue Pr.eparation: F lbroblasts  were cu l t i va ted  from skin bibpsles from a 

normal control  and MLS pa t ien t .  The cul tures were grown under condit ions 

Abbreviat ions:  MLS, Maroteaux-Lamy syndrome; ASB, a r y l su l f a t ase  B. 
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previously described (5) in Modifled Eagle's Medium (GIBCO). Cells grown for 

three weeks in 1OO mm Falcon Petrl dishes reached a cell density of 1.6 x 107. 

The pH was maintained between 7.2 and 7.4. Mycoplasma monitoring was carried 

out routinely with mycoplasma agar medium (GIBCO). Fibroblast monolayers were 

washed three times with 0.05 M acetate buffer containing 0.05 M NaCI, pH 5.5, 

and then harvested with a rubber policeman. The cells were suspended in 0.03 M 

TrIs-HCI buffer, pH 7.4, containing 0.2% Triton X 1OO (l ml buffer per 5 plates 

pellet) and disrupted by sonication for 60 seconds at lO,O00 cycles (power 

setting 3) in a Branson Sonifler. The homogenate was st i r red for 2 hours at 

room temperature and then dialyzed for 16 hours against 0.03 M Trls-HCI buffer, 

pH 7.4, (1,OOO fold volume excess with two changes). The insoluble fraction 

was removed by centrifugation for 45 minutes at 105,OOO x g. 

The soluble fraction of normal human l iver  homogenate was prepared as 

previously described (6) 

Fibroblast ASB Pre~aratlon: The soluble f lbroblast fraction was added to 

DEAE-cellulose (cellex D, Bio-Rad) equilibrated with the same buffer. After 

s t i r r i ng  for 2 hours at 4 ° C, the DEAE-cellulose was removed by centrifugatlon. 

The protein fraction that was not adsorbed on the DEAE,cellulose in 0.03 M 

buffer contained only the ASB whereas arylsulfatase A and the minor sulfatase 

fraction with "ASB-like" ac t iv i ty  (7) were adsorbed to the DEAE-cellulose and 

could be eluted at higher molarity (0.5 M sodium chloride in 0.05 M Tris-HCI 

buffer, pH 7.4). 

E__nzymatic Act iv i tz :  ASB act iv i ty  was determined using p-nitrocatechol sulfate 

(Sigma) as a substrate according to Baum et a1. (8) in the same manner as 

previously described (6). The reaction was performed for I0 minutes at 37 ° C 

and the liberated nitrocatecho] was calculated taking 12,400 as the molar 

extinction coeff icient (8). The protein concentration of the samples was 

determined according to Lowry et al.  (9) and the enzymatic ac t iv i t ies  were 

expressed as nmoles/mln/mg protein. 
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Polyacrylamlde Gel Electrophoresis: Polyacrylamlde gel electrophoresis 

(7 cm discs) was carried out according to Davis (I0) in 7.5~ gels with ~-alanlne- 

acetic acid buffer, pH 4.0, for 3 hours at 4 mAmp/gel. Bands with arylsulfatase 

activity were located by incubating the gels in lO mM p-nitrocatechol sulfate in 

0.5 M sodium acetate-acetic acid buffer, pH 5.6, for l hour at 38 ° C. The gels 

were then transferred into l N Na0H for 2 to 3 minutes, and photographed before 

the fading of the red bands. 

Immunological Procedures: The preparation of a monospecific antiserum against 

purified human liver ASB, the antibody titer and the IgG preparation are 

described elsewhere (G). Double diffusion in agar gel and the demonstration 

of the residual enzy~T~tlc activity of the immun-precipitate were performed as 

previously described (6). Single radial immunodlffusion was carried out 

according to Mancini et al. (ll) as follows. To 30 ml of agarose (1% in 

phosphate buffered saline, pH 7.2, at 45 ° C), 150 ~liters of the anti-ASB 

IgG fraction (4.17 mg protein) was added, mixed and poured into a disposable 

plastic Petri dish (9 cm in diameter). The plates were kept at 4 ° C for 

6 to 8 hours afterwhlch wells of identical size (2.9 mm in diameter) were 

~unched out using an appropriate template. In each well, 20 ~liters of 

enzyme preparation with known protein concentration and enzymatic activity 

were applied. Diffusion was completed in a humid chamber at room temperature 

for 48 hours. Proteins that did not precipitate in the immune complex were 

removed by exhaustive washing in phosphate buffered saline and the precipltln 

rings were stained with l~ amldo black. The ring diameters were measured by 

measuring magnifyer (Bausch and Lomb) with a seven-fold magnification. The 

determination at each concentration was performed in duplicate. 

RESULTS 

The soluble protein fraction of normal fibroblasts and of HLS flbroblasts 

had protein concentrations of 7.4 mg/ml and 7.5 mg/ml respectively. Each of 

the preparations (200 ~uliters) was subjected to polyacrylamide gel electrophoresis 

450 



Vol. 62, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Figure 1: Polyacrylamide gel e lect rophores is  of  normal [N] and 
Maroteaux-Lamy [ML] f i b r o b l a s t  Iysates.  

and the various bands wi th a ry l su l f a tase  a c t i v i t y  were revealed. The resu l ts  are 

shown in Figure I .  As seen in th is  f i gu re ,  the major ASB band with fas tes t  

electrophoretic mobility in these conditions was shown to be largely diminished 

in the MLS preparation as compared to the normal f lbroblasts. 

The two fibroblast preparations and a crude l iver  homogenate were examined 

by double gel diffusion against,anti-ASB antiserum (Figure 2, ]ef t  side). A 

preclpl t in l ine of identity was demonstrated for the three preparations. When 

the residual enzymatic ac t iv i ty  of the precip i t ln bands was examined (Figure 2, 

right side), only the normal l iver  and the normal f ibroblast lines demonstrated 

enzymatic ac t iv i ty  as depicted by this procedure. 

In order to exclude the possib i l i ty  that the antigenic cross-reacting 
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Figure 2: Double gel d i f f u s i o n  of  normal l i v e r  iN (1 ) ] ,  normal 
fibroblast IN(f)], and Maroteaux-Lamy fibroblast [ML] 
lysates against anti-arylsulfatase B antiserum (central 
well). On the right side of the figure, the protein 
staining of the nreclpltin lines and on the left side, 
a duplicate plate In which the residual enzymatic activity 
of the lines are demonstrated. 

mater la ls  in MLS is the ~'minor B component", the major ASB p ro te in  was separated 

from the f i b r o b l a s t  lysates by a DEAE-cellulose batch procedure as described in 

Mater ia ls  and Methods. The ASB con ta in ing  p ro te in  f r a c t i o n  was concentrated by 

vacuum u l t r a f i l t r a t i o n s .  Only one enzymat ica l l y  ac t i ve  band, corresponding to 

the major ASB, was shown by d isc e lec t rophores l s .  When the normal and MLS 

ASB f r ac t i ons  were compared by double gel d i f f u s i o n  against  antl-ASB ant iserum, 

a p r e c i p l t i n  l i ne  of  i d e n t i t y  was revealed fo r  both preparat ions.  The enzymatic 

a c t i v i t y  fo r  the normal F ib rob las t  ASB preparat ion was 159 nmoles/mln/mg 

p r o t e i n  whereas fo r  the MLS ASB preparat ion  i t  was 24 nmoles/min/mg p ro te i n .  

Three d i l u t i o n s  of  each of  the two ASB preparat ions,  normal and MLS, were 

prepared and the p ro te in  concent ra t ion and enzymatic a c t i v i t y  of each of  the 

d i f f e r e n t  d i l u t i o n s  determined. The concent ra t ion of  the a n t i g e n i c a l l y  

c ross - reac t ing  mater ia l  w i t h  anti-ASB ant ibod ies was determined by s i ng le  

rad la l  immunodlf fuslon. When the r e l a t i v e  concent ra t ion of  ASB in the 
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Figure 3: 
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Single rad ia l  immunodif fusion of  var ious d i l u t i o n s  of  the 
p ro te in  f r a c t i o n  w i th  a r y l s u l f a t a s e  B from normal [o] and 
Maroteaux-Lamy [e l  f i b r o b l a s t s .  Upper f i gu re  shows the 
c o r r e l a t i o n  between the r ing area to the p ro te i n  
concent ra t ion and the lower f i gu re  shows the c o r r e I a t i o n  
w l th  the enzymatic a c t i v i t y .  The arrow ind ica tes  the 
inner  we l l  area. 

preparat ion was determined by r ing area, i t  was p ropor t iona l  to the p ro te ln  

concent ra t ion  (Figure 3, upper pa r t ) .  When the r ing  area was p lo t t ed  against  

the enzymatic a c t l v i t y  (Figure 3, lower pa r t ) ,  i t  was shown that  the r e l a t i v e  

enzymatic a c t l v i t y  o f  MLS mutant p ro te in  was much lower. 

DISCUSSION 

This study demonstrated the presence of  an immunologlcai ly c ross - reac t i ng  
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p ro te in  w i th  ASB in HLS f i b r o b l a s t s .  This ASB mutant was i den t l ca l  in I t s  

e l ec t r opho re t i c  m o b i l i t y  (Figure l )  to the normal f i b r o b i a s t  ASB. The an t i gen ic  

determinants o f  the mutant enzyme were iden t i ca l  to those of  normal f l b r o b l a s t  

ASB and normal l i v e r  ASB as could be determined by double gel d i f f u s i o n  (Figure 2) .  

Since the normal and mutant enzyme forms revealed an i den t i ca l  p r e c l p i t l n  l l n e ,  

the ant iserum prepared against  normal ASB was used fo r  the q u a n t i t a t i v e  immunoassay 

of  both ASB and i t s  mutant. U t i l i z i n g  th i s  procedure, the mutant p ro te in  

concent ra t ion of the MLS f l b r o b l a s t  ASB f r a c t i o n  was shown to be s i m i l a r  to that  

found fo r  normal f i b r o b l a s t s .  In con t ras t ,  the r e l a t i v e  enzymatic a c t i v i t y  o f  

the immunological ly  c ross- reac t lng  mater ia l  in MLS was on ly  15~ of  normal 

(Figure 3) .  F luhar ty  et a l .  (12), using s i m i l a r  procedures fo r  ASB preparat ion 

and u t i l i z i n g  a d i f f e r e n t  syn the t i c  subst ra te ,  4 -methy tumbe l l l fe ry l  s u l f a t e ,  

reported 10% res idual  enzymatic a c t i v i t y  in the MLS ASB f r a c t i o n .  

O'Br len et  a l .  (13) demonstrated a markedly reduced N-acety lgalactosamine- 

4 -su l fa tase  a c t i v i t y  towards dermatan s u l f a t e  in MLS f l b r o b l a s t s .  Recent studies 

by Matalon and Dorfman (personal communication) have ind icated tha t  the natura l  

substrate fo r  ASB is the su l f a t e  at carbon-4 p o s i t i o n  of  N-galactosamine in 

both dermatan s u l f a t e  and chondro l t l n  s u l f a t e .  These observat ions suggest 

tha t  the ASB mutant p ro te in  w i th  i t s  reduced a c t i v i t y  fo r  both syn the t i c  and 

natura l  substrates is responsible f o r  the biochemlcal aberrat ions of  at least  

one form of MLS. 
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