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SUMMARY 

The inhibition of sulphatase A bv certain carbonyl reagents and by ascorbate 
has been ahown to require the presence of metal ions in the system The lnliIbltum 
is prevented by EDTA which can also reverse any prior inhibition by these reagents 
A metal-free preparatmn of sulphatase A was not inhibited by phenylhydrazme Copper 
seems to be the metal primarily involved and it is suggested that these reagents 
inhibit sulphatase A either by forming an enzymlcally inactive sulphatase-eopper- 
modifier complex or by reducing Cu 2+ to Cu +, the latter being the true inhibitor of 
the enzyme Of the~e two possibilities the latter seems the more probable but direct 
proof has not been possible 

INTRODUCTION 

The lntubltlon of the arylsulpllatase (aryl-sulphate sulphoh? drolase, EC 3 I () I) 
of TakadIastase (takasulphatase) by carbonyl reagents was first shown bv ROSENFELI) 
AND RUCHELMAN 1 and was later confirmed by other workersa, a One feature of these 
early results was their variability for example the concentration of CN reqmred to 
give a 5o% inhibition of takasulphatase was variously reported as o o3 lnM (ref 2) 
and as 2 mM (ref 3) Even taking into account the different techniques used in the 
assay of the enzyme these discrepancies seem very large More recently it has been 
~tiown that the arylsulphatase of Alcahgenes metalcahgenes 4 and the sulpliata~e A ()f 
ox liver (unpubhshed observations) are al~o inhibited by these reagents 

In no case has the chemistry of this lnhlbmon been clarified and although it 
~ a~ proposed ~ that takasulphatase must contain carbonyl groups no direct evidence 
fm this postulate has been forthcoming Two recent observations suggested that a 
reinvestigatmn of the action of carbonyl reagents on the sulphatases would be useful 
First, the discovery 5," of amlnoaldehydes m collagen suggested that the.~e might be 
the hydroxylamine- or phenylhydrazme-reactive groups in the arylsulphatases 
Second, the observation that the carboxylesterases of pig and ox hver are inactivated 
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by the hydroxylatlng action of hydroxylamine and traces of Cu 2+ present in the 
enzyme preparations suggested that sulphatase A might be similarly inhibited by the 
hydroxylatmon of the tyrosyl residue(s) revolved in the actmn of this enzwne 8 

METHODS 

Elzzvme 

Sulphatase A (specific activity 15o umts/nig) was prepared from ox hver as 
previously described 9 Several preparatlon~ were used during the work 

Modifiers 
These were commercial preparations except for N-phenylhydroxylamlne which 

was synthesized by a standard method and for dehydroascorblc acid which was pre- 
pared immediately before u~e by the oxidation of ascorblc acid with K I Q  (ref IO) 

The modifiers were used as fleshly prepared aqueous solutions adjusted to 
pH 5 6 with NaOH or HC1 

Assay of enqvmlc act,v#y 
Sulphatase A was assayed m a pH-stat at 37 ° and at pH 5 6 with 3 mM mtro- 

catechol sulphate as substrate 9 The volume of the reaction mixture was IO ml 
The effect of modifiers on the activity was studied as follows to 20 #1 of a 

solution of sulphatase A (o 2 mg/ml, 2/zM) in acetate buffer (I = o I, pH 5 O) were 
added 20-/~1 portions of the required reagents, also at pH 5 6, to give a total volume 
of 60/~1 After standing for i h at room temperature (25-3 o°) a sample (50/~1) of the 
modified enzyme was taken for assay Unless specified below, the substrate used in 
these assays contained the modifier in the same concentration as did the treated 
enzyme 

Reactwn under metal-free condztwns 
Sulphatase A was dlalysed for 3 days against repeated changes of IOO vol of 

o oI M EDTA (pH 7 4) and the latter subsequently removed by exhaustive dialysis 
against o oi M Trls-HC1 (pH 7 4) The dialysis tubing and apparatus used in this, 
and subsequent, procedures had been rendered metal-flee by soaking in 3% acetic 
acid followed by rinsing with glass-distilled water All the reagents were purified as 
described in ref I I  with the additional precaution of calrylng out the first crystalh- 
zatlons m the presence of EDTA 

RESULTS AND DISCUSSION 

Carbonvl reagents and szdphatase A 
The results given in Table I show that certain carbonyl reagents are powerful 

lnhlbltors of sulphatase A With o 5 mM hydroxylamme as modifier the mean mtu- 
bltlon in q experiments was 41° o (range 23-71%) and with o 5 mM phenylhydrazme 
(6 experiments) the corresponding figures were 8q and 82-1oo% Not all carbonyl 
reagents inhibited the enzyme neither dlmedone (o 5 mM), CN (5 raM) nor/%ammo- 
proplonitrlle (5 mM) showed any inhibitory effects when tested under the above 
condmons 

Bwchtm Bzophys .4cta, 198 (197 o) 76-81 
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1 A B L E  I 

T H E  C O N C ~ N T R ~ I I O N b  O1 ( _ I ~ R r ¢ I N  C A R B O N Y L  R t s ¢ ( ~ E l ' , T b  R E Q U I R E D  t( )  ( , I \ E  k 50~)o  I N H I B I T I O N  Ol 

~ ,ULPt t  \ T ~ N E  ,3t \ ~ H E \  \LLO~VF.D T O  REaxCT k \ I T H  FH G  b. N Z Y M E  F O R  I h AT pm 5 ~ ~ \ 1 )  \ T  2 5  

I h t  r e d t _ t l o n  l l l l X t t l r c  u ~ e d  111 t h e  a s b a y  o f  t h e  m o d i f i e d  e n z \  l n e  c o l l t a l u (  d t h e  ( , t r l ) o n \ l  r L , l g e n t  

a t  t i l l  ~ , d n l e  c o l l c e n t r d t l o n  a s  d i d  t h e  e n l v l l l e  ~,O1LltlOU 

(ram)  

5 e l n l c a r b a z ~ d c  I o 
H y  d r a z l n e  5 
H~, d r o x ~  l a m l n e  I 
P h c n y l h y d r a z l n e  o o 5 
N -  P h e n y l h y d r o x v l a m l n e  o o 3 

Trea tmen t  of  >ulphatase A with N-nmthy lbenz t lnazohnone  hyd tazone  at  
p H  5 o and 4 °0 for 2 h caused only a 7 I4°o inhibi t ion of the enzynie (three d i f le ient  
prepara t ions)  I t  wa~ not  possible to de tec t  ~ignlficant numbers  of azlne group~ m the 
me&fled  enzwne a l though these are formed under  such condi t ions with simple car- 
bonvl  conIpounds ia and  with t ropocol lagen (which contains  amlnoaldehydes)  s ( e r -  
t a ln ly  ff any  azlne were pre~ent in the t r ea ted  >ulphata~e A, it  occurred m amount~ 
of le~s than  I mole per mole of  enzynie 

The inhibi t ion of su lpha ta , e  A by  hydroxy lamlne  or pheny lhydrazme  > not  
of  a slniple reversible t ype  because it develop~ only slowly over  beveral hour~, a~ 
q iown in lqg I Nevertheless  the  intubation is pa r t l y  reversible by  &aly~ls for 24 h 
or b y  om~ttmg the carbonyt  reagent  from the subs t ra te  ~olut~on ~o t ha t  the reagent  
~s d i lu ted  2oo-fold on commencing the a ~ a y  

Scdum'~ttatmtz of the mo&fi~d cnzvmL 
When  a ~olutmn of su lphatase  A an ace ta te  buffer, (pH 5 o, I = o I) containing 

o o I M  pheny lhyd razme  was examined  b y  u l t r acen t r i fuga tmn ') the  mate r ia l  q i o ~ e d  
a single ~ymmetr ical  b o u n d a r y  with an s2o,,~, (at a concent ra tmn of o 4 g per ioo  ml) 
of 13 7 S, ind>tmguashable  from tha t  of I3 6 S for the  un t r ea t ed  enz 5 nie at  the ~ame 
c o m e n t r a t i o n  Modification of  su lphatase  A with p l ienylhydraz ine  ~s therefi)re not  
accompamed  bv any  d ra ,  tw change an the size or shape of the enzynIe 

1 oo 

0 7 5 "  " ~ "  

~o25 

o 2'~ ~o v'5 loo 
Time of treatment (h) 

l"lg ~ T h e  i n h i b i t i o n  o f  ~ u l p h a t a s c  A b y  t r e a t m e n t  w i t h  o 05 m M  p h e n ~ l h y d r a z m e  a t  p H  5 () 
, rod a t  25 T h e  enz~ m e  ac t lx  ltV u a s  d e t e r m i n e d  m t h e  p r e s e n c e  o f  o o 5 m M  p h e n y l h v d r a z l n e  
a n d  is exp rL~sed  re la t l~  c t o  t h a t  o f  t h e  u n t r e a t e d  e n z w n e  

l~mH~zm t'hophv; 4cta, ~c),s (>97 o) 7 o ST 
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T A B L E  I I  

1HE EPFECT OF E D T A  AND METAL IONS ON THE I N H I B I T I O N  OF SULPHATASE A BY HYDROXYLS,  MINE, 
P H E N Y L H Y D R A Z I N E  AND ASCORB&TE AT p a  ~ 6 AND ~T 25 ~ 
I n  t h e s e  a s s a y ~  t h e  s u b s t r a t e  d~d n o t  c o n t a i n  t h e  m o d i f i e r  ~o t h a t  t h e  l a t t e r  w a ~  d i l u t e d  2 o o - f o l d  
a t  t h e  ~ t a r t  o f  t h e  a s s a  3 q h e  c o n c e n t r a t l o n ~  m t h e  t a b l e  a r e  t h o s e  p e r t a i n i n g  d u r i n g  t h e  m o d ~ -  
h c a t m n  o f  t h e  e n z y m e  T h e  a c t l ~ l t ~  o f  t h e  m o d ~ l a e d  e n z w n e  is  e x p r e s s e d  r e l a t i v e  t o  t h a t  o f  a n  
u n t r e a t e d  c o n t r o l  I n  t h e  e x p e r i m e n t  m a r k e d  x ~ t t i  a n  a ~ t e r l ~ k  t h e  E D T A  x~a~ a d d e d  t o  t i l e  i n o d t t a e d  
e n z y m e  ~ m m e & a t e l x  b e f o r e  i t s  a ~ a  3 

A sco~bate Hyd~ o.tyl- Phenylhv- 
amzne drazt ne 

5 m~I o 5 m 3 I  o 5 m 3 I  

E D ' I A  (5 ° h i M )  o 90  
M o d l h e r  o 05 o 2o o 4 ° 
E D T A .  + m o d l h e r  o b 7 o 95  o 83 
* M o d i f i e r  + E D T A  o 88 o qo  o 90  

. 5 r a m  o l m M  o • m 3 1  

M o d l h e r  o 04  o 7 o o 5 I  
M o d i f i e r  + C u  '+  (o o I  1riM) o 27 o 29 o 09  
M o d i f i e r  + F e  ~+ (o i m M )  o 71 o 74 o 80  
M o d i f i e r  - -  Co  ~ (o I r n M )  o 9 7  o 75 o 73 
M o d i f i e r  + Z n  2+ (o I r a M )  i o i  o 74 o 60  

Inh~b#~on by ascorbate 
The carbonyl  reagents  l is ted in Table I all show reducing proper t ies  which could 

be the  reason for their  being mhlb l tors  Tim act ion of ascorbate ,  a powerful  reducing 
agent  which is wi thout  ac t ion on carbonyl  groups,  wab therefore inves t iga ted  and,  
as shown m Table  I I ,  this  compound  wa~ a powerful  inhibi tor  of  su lphatase  A 

Role of metal zons ~n the mhzbztzon 
The results  an Table  I I  show tha t  nei ther  hyd roxy lamme ,  pheny lhydrazme  nor 

ascorbate  inhib i ted  sulphatabe A when E D T A  u as present  m the react ion mix ture  
and,  fur ther ,  t ha t  the  inhib i t ion  caused by  these reagents  m the absence of  E D T A  
was comple te ly  reversed b y  the subsequent  a d d m o n  of  the  l a t t e r  to the modified 
enzyme Metal  ions mus t  therefore  be involved  an the reac tmn between these modifiers 
and  the enzyme which excludes the po~slblhty of  these reagents  react ing d i rec t ly  wi th  
cerb ,myl  groups Fur ther ,  the  fact  t ha t  the  inhib i t ion  can be reversed b y  E D T A  
~t'.)w~ tha t  it  cannot  have been caused by  the hyd roxy la t l on  of ty rosy l  residues v,n 
because this  would not  be rever~lble 

A metal-free  p r epa ra tmn  of  .~ulphatase A was ~carcely inhib i ted  by  phenyl-  
hydraz ine  alone ve t  it  u as comple te ly  ln tubl ted  by  the s imul taneous  a d d m o n  of the 
leagent  and o oI  mM CuSO 4 (Table I I I )  The meta l - f lee  enzyme had a specific ac t iv i ty  
of i47 unl ta /mg compared  with tha t  of  15o unl t s /mg for the un t r ea t ed  enzyme showing 
tha t  the meta l  lon~ revolved  in the reac tmn with the modlfiera d~d not  alte~ the cata-  
ly t ic  proper t ies  of  su lpha tase  A 

Fur the r  re format ion  on the role of meta l  ions m these react ions  ~ given m 
"Fable I I  I t  is clear t ha t  the  ln lub l to ry  ac t ion of  the  modifiers as increased by  the 
a d d m o n  of  Cu 2+ bu t  not  b y  the add i t ion  of Fe 2+, Co 2+ or Zn 2+ which can an fact  
provide a cer ta in  degree of pro tec t ion  to the  enzyme In the absence of  any  modifier 

Brochure B~ophv~ 4cta, 19~ ( I 9 7  o) 7( ) -8~ 
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1 A B L E i I  I I 

T H E  I ~ F F E C T  O F  P H E N Y L H Y D R k Z I N E  ON ~. M E T A L - F R E E  P R E P ~ t R ~ _ T I O N  O F  S U L P H A T X S E  A U N D E R  

M E T A L - F R J ~ E  C O N D I T I O N S  

1)e ta l l s  o f  t h e  p r o c e d u r e  a r e  g i v e n  In t h e  t e x t  a n d  t h e  ~encr , t [  c o n d l U o n ~  a r e  t i le  >dine d~ tho~e  
~pec l t t ed  m T a b l e  1 I 

T,  eatment Relative 
actzv~ty 

C o n t r o l  i o 
CuS()a ,  o o I  m M  o 89 
P h e n y l h y d r a z m e ,  o 5 m M  o 9 I 
P h e n y l h y d r a z l n c  5 CuSO~ o oo 

these me ta l  ions were themselves  ~ ~thout s~gmficant acnon  on the enzyme,  the  max~- 
mum eftect being caused b y  Zn ~+ wluch gave a 5°0 mhib~tlon at  o ~ mM 

Mechamsm of the znhtb~tzon 
Although the results  given above  clearly mlpl lca te  meta l  ions, m par t i cu la r  

copper  ions, in the inhibi t ion of  su lphatase  A b y  ' ca rbony l '  reagents  and  b y  a s (o rba te  
tt is &fficult  to specify the  exact  mechamsin  of  thl.~ inhibi t ion There appear  to be 
two posslblht les  thr~t, t ha t  the enzyme reacta with Cu 2+ (endogenous or exogenous) 
and  the modifier  to give a t e rna ry  coinplex which is enzymlca l ly  lnacnve  example~ 
of such t e rna ry  complexea were con~ldered b y  GURD AND WILCOX 14 Second, t ha t  the 
modifiers act  as reducing agents  whmh conver t  Cu ~+ into Cu +, the  l a t t e r  being the 
t rue  inhib i tor  of the  enzyme ~uch a s i tua t ion  a ppa re n t l y  exists  wi th  fl-glucuronl- 
dase is The second mechamsm could be fur ther  comphca ted  b y  the fo rmat ion  of a 
t e rna ry  complex of  enzyme,  Cu ~ and reducing agent  bu t  for prac t ica l  purposes  ttu~ 
can be d is regarded because the essential  feature  ~ o u l d  stil l  be the  r educnon  

I t  1~ difficult to design exper iments  to unanlb lguous ly  different ia te  between 
these two possibil i t ies I f  the  first mechanism,  t e rna ry  complex fo rma tmn  with Cu ~ ,  
be the  correct  one then  ~ultable lneta l -b lndlng agents  should be lnhlbl tors  even ff 
t hey  are not  reducing agents  However ,  ne i ther  NH4+ (5 raM), dehvdroascorb lc  acid 
(I raM), h ls t ldme (3 raM) nor gluconolactone (5 mM) ~howed any  inh ib i to ry  act ion 
a l though the first two components  should have comparab le  meta l -b ind ing  proper t ies  
to hydraz lne  and ascorbate  respect ive ly  This therefore  ~uggests t ha t  the  mhlb l tmn  
by  the reagents  hated in Table~ I and  I I  cannot  be due to their  a b l h t y  to form meta l  
complexes bu t  mu~t be dependen t  upon  their  reducing propert ies ,  as in the ~econd 
mechamsm The in t e rp re t a t ion  of  exper iments  using meta l -b ind ing  reagenta  is, how- 
ever, compl ica ted  because a failure to cause inhibi t ion  could be due to the meta l -  
binding propertle~ being ei ther  too weak,  when complex fo rmatmn would not  occur,  
or too atrong, when meta l  ions would be s t r ipped  from the enzyme as by  E D T A  

D~rect evidence for the occurrence of the  second mechan l -m ha~ not  been ~)b- 
t a m e d  because i t  has not  been poablble to devise a sys tem which will reduce Cu 2+ to 
Cu ~- at  pH 5 6 wi thou t  the  poss lb lh ty  of  complex  fornla t lon The direct  add i t ion  oi 
Cu('l to the enzyme caused no mlubl t lon  bu t  ttll~ is not  unexpec ted  because Cu * 
cannot  exist  in solut ion and the reagent  commonl3 u>ed to prepare  CuC1, sulphIte 1~, 
cannot  be u~ed in the pre~ent instance because ~t i tself  ~s a powerful  compet i t ive  

thochzm Bwphl , s  4eta, rOB ( I97  o) 7(~-Sr 
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i nh ib i t o r  o f  su lpha t a se  A w i t h  a K,  o f a p p r o x  2/~M (ref 17) A t t e m p t s  to  use ino rgan ic  

r educ ing  agen t s  h a v e  no t  been  successful  ne i the r  C N - ,  Fe(CN)64 , $2042- nor  N a B H  4 

caused  a n y  inh ib i t i on  w h e n  added  t o g e t h e r  w i th  Cu 2+ Once  aga in  these  resul t s  c a n n o t  

be  i n t e r p r e t e d  u n a m b i g u o u s l y  because  r e d u c t i o n  m a y  n o t  h a v e  occur red  at  p H  5 6 

or  because  the  p r o d u c t s  cou ld  h a v e  been  c o m p l e x  F o r  example ,  t he  r e d u c t i o n  of  Cu 2+ 

b y  SeOa ~- IS k n o w n  to  p roduce ,  a m o n g  o t h e r  c o m p o u n d s ,  CuS (ref 18) and  r e d u c t i o n  

b y  N a B H ~  m a y  p roduce  m e t a l  hydr ides  ~ In  b o t h  cases on ly  v a n i s h l n g l y  smal l  
c o n c e n t r a t m n s  o f  Cu + need  h a v e  been  p re sen t  

T h e  resu l t s  the re fo re  sugges t  t h a t  ' c a r b o n y l '  r e agen t s  and  a sco rba te  inh ib i t  

su lpha t a se  A b y  r educ ing  t races  o f  copper  m the  e n z y m e  p r e p a r a t i o n  to Cu + which  

is t he  t rue  i nh ib i t o r  and  p r e s u m a b l y  combines  w i t h  the  e n z y m e  in t he  same  w a y  

as Ag  ~, perhap~ t h r o u g h  an e~sential  h~stldyl res idue  s The  pos s ib ih ty  of  t he  inh ib i t ion  

being due  to the  f o r m a t i o n  of  a t e r n a r y  e n z y m e - C u ~ + - m o d i f i e r  c o m p l e x  canno t ,  how-  

ever ,  be e x c l u d e d  B o t h  t ypes  o f  i nh ib i t i on  w o u l d  be  p r e v e n t e d ,  or  reversed ,  b y  

E D T A  

I t  c a n n o t  be a s sumed  t h a t  the  i nh ib i t i on  of  o t h e r  su lpha tases  b v  ' c a r b o n v l '  

r e agen t s  m u s t  be  o f  t he  same  t y p e  and  un t i l  these  e n z y m e s  are  ava i l ab le  in a pur i f ied  

fo rm a dec is ion  will  no t  be  possible  In  t he  case o f  t he  inh ib i t ion  of  t he  a r y l s u l p h a t a s e  

o f  A metalcal~genes b y  C N - ,  b ind ing  of  t he  i nh ib i t o r  to  the  e n z y m e  has a p p a r e n t l y  

been  shown ~° b u t  the  p a r t i c i p a t i o n  o f  m e t a l  ions has  no t  been  d e m o n s t r a t e d  P r e h m -  

m a r y  e x p e r i m e n t s  (unpub l i shed  work)  w i t h  t a k a s u l p h a t a s e  h a v e  l ikewise g iven  no 

ev idence  for  the  p a r t i c i p a t i o n  of  m e t a l  ions in t he  inh ib i t ion  o f  th is  e n z y m e  by  car-  

b o n y l  r eagen t s  
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