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SUMMARY 

A mathematical correlation between the reaction velocity and the incubation 
time is derived for the anomalous kinetics of the enzymic reaction of the arylsulpha- 
tase A (aryl-sulphate sulphohydrolase, EC 3.1.6.1) from human kidneys. 

With the aid of this correlation the influence of monovalent anions (formate, 
acetate, propionate, and CI-) on the enzymic hydrolysis of nitrocatechol sulphate is 
studied. The anions cited above inhibit arylsulphatase A. Furthermore, they exert a 
concentration dependent influence on the rate with which the enzyme is inactivated 
by its substrate and on the velocity of the enzymic reaction after reactivation of 
the inactivated enzyme by SO4 ~--. 

The rate of inactivation of the enzyme also depends on the substrate concen- 
tration, being lower the lower the substrate concentration is. 

The apparent Michaelis constant of the arylsulphatase A depends both on the 
concentration of monovalent anions and on the incubation time. 

On the basis of these results a mechanism of the enzymic reaction of the aryl- 
sulphatase A is proposed. 

INTRODUCTION 

The arylsulphatase A (aryl-sulphate sulphohydrolase, EC 3.1.6.1) of verte- 
brates is an acid hydrolase of lysosomal origin 1, which catalyses the degradation of 
arylsulphuric esters. The physiological substrates of the enzyme are the sulphatides ~. 
Upon degrading nitrocatechol sulphate and related substrates the enzyme exhibits 
anomalous kinetics which were noted first by Roy 3 for the arylsulphatase A from ox 
liver. Similar kinetic anomalies, which result in a progressive inactivation of the 
enzyme associated with its catalytic activity 4, have been confirmed for the aryl- 
sulphatase A from other vertebrates 5-7. Detailed studies of these anomalies have 
been made by Baum and Dodgson 8 and by Nicholls and Roy 9. According to their 
interpretation of the mechanism of the enzymic reaction the arylsulphatase A is 
slowly modified when degrading its substrates. The modified form of the enzyme is 
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assumed to expose a second binding site which can bind either substrate or the 
reaction products or certain other anions (like PO43- and P20~4-). The resulting com- 
plex between the modified enzyme and substrate ions is inactive while the activity is 
at least partially restored when either of the reaction products (nitrocatechol and 
SO42-) or PO43 or P2074- is bound to the second binding site. The influence of mono- 
valent anions on the kinetics of arylsulphatase A has not yet been studied in detail, 
though acetate and C1 are widely used as constituents of the assay system. 

EXPERIMENTAL 

Non-pathological human kidneys from male and female persons of various ages 
were obtained within 24 h post-mortem. The kidneys were stored at --20 °C. The 
enzyme was purified according to the method Bleszynski 1° has developed for the 
isolation of arylsulphatase A from bovine brain. A 20 ooo-fold enrichment was 
achieved. During the isolation the enzyme activity was determined according to 
Baum et al. 11 (incubation period: 5 min). The protein concentration was measured by 
the method of Lowry eE al. 12. Under these conditions the final enzyme preparation 
had a specific activity of 30 units per rag, one unit being defined as the amount of 
enzyme which hydrolyses i/~mole of nitrocatechol sulphate per rain at 37 °C. Electro- 
phoresis on 7.5% standard gel (Canal. Co., Bethesda, Md., U.S.A.). in Tris-glycine 
buffer (pH 8.3, 1 0.005) with a current of 5 mA for i h revealed no major impurities. 
Only a single band of protein was obtained. The enzymic activity was located in this 
hand. 

Assay conditions for the studies of the kinetic properties of the arylsulphatase A 
The enzyme solution was dialysed 6 times for 2 h against distilled water and 

diluted to a final concentration of 25 #g per ml. The incubations were performed with 
dipotassium 2-hydroxy-5-nitrophenyl sulphate (nitrocatechol sulphate) (Sigma Chem. 
Co., St. Louis, Mo., U.S.A.) as substrate. The pH of the 40 mM substrate solution had 
been adjusted to 5.3 at 21 °C with o.I M formic, acetic or propionic acid, correspon- 
ding to the electrolyte used in the assay. The amount of acid necessary for the pH 
adjustment raised the buffer concentration in the incubation mixture by 5 mM at 
5 mM substrate concentration. Sodium formate, sodium acetate and sodium pro- 
pionate solutions of the concentrations 1.6, 0.8, 0.4, 0.2, o.I and 0.05 M were ad- 
justed to pH 5.3 at 2I °C. For the assay in the presence of C1- a 3.2 M solution of 
NaC1, and for those in the presence of Ba ~+ or SO4 ~- o.I M solutions of BaCI~ and 
Na2SO 4 were prepared. The reagent system contained 0.2 ml of sodium formate, 
sodium acetate or sodium propionate solution, appropriate volumes of enzyme 
solution, substrate solution, distilled water, and, in some cases, NaC1, Na2SO 4 or 
BaC12 solutions to give a total incubation volume of 0. 4 ml. The incubation tempera- 
ture was 37 °C. After a preincubation period of 5 rain at 37 °C the enzymic reaction 
was started by the addition of the substrate solution. After an appropriate incubation 
time it was stopped by adding o.5 ml I M NaOH. The amount of the nitrocatechol 
liberated was colorimetrically determined with a Zeiss spectrophotometer at 
515 nm (e515 n m  of nitrocatechol: 12 400). 

The Io-fold of the volumes given above was incubated for the determination 
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of the progress curves. Samples (o.4 ml) were withdrawn at suitable t ime intervals 
and added immediately to 0.5 ml I M NaOH. 

The pH of the reagent system was controlled before and after the incubation 
(before the addition of NaOH) with a micro-pH-meter  of Radiometer Kopenhagen. 
I t  was 5.3 ~ 0.02 in all cases. 

R E S U L T S  

Relation between the incubation time and the activity of the arylsulphatase A 
A definition of the mathematical  relation between the incubation time and the 

enzymic activity renders the possibility of an exact determination of parameters 
characterizing the enzymic reaction under specific conditions. The determination of 
this relationship was based on the following considerations: The time dependent 
variation of the activity of the arylsulphatase A is caused by  the progressive in- 
activation of the enzyme during the reactionS, 9. The inactivation results from an 
effect of the substrate on the enzyme 13. The reaction velocity v (nmoles nitrocatechol 
released per #g protein per min) therewith progressively decreases from V 0 at the 
incubation time t ~-- o (min) (initial velocity) and asymptotically approaches V ,  = o 
which is reached when the enzyme in the assay system is completely inactivated and 
when the enzymic activity has not been restored by  any activator. 

The reaction velocity Vx at the time tx is equal to the slope of the progress curve 
at the time tx. The relation between the reaction velocity and the incubation time 
therefore is given by  the differentiation quotient du/dt of the equation describing the 
progress curve, that  is the relation between the turnover u of the reaction (nmoles of 
nitrocatechol released per #g protein) and the incubation time t (rain). 

Graphical evaluations of the experiments give linear relations between the 
reciprocals of the turnover u and the incubation time t (Figs Ib  and 3b). The progress 
curve may  therefore be described by  Eqn I : 

I I 
- = A  + B -  ( i )  
u t 

Eqn I shows a formal analogy to the equation describing the dependence of the reac- 
tion velocity on the substrate concentration in cases of normal enzymic reactions. 
Accordingly the constant A can be calculated by  inducing the limiting condition 
lim, . .  into Eqn I, while B is derived by  solving Eqn I for u, differentiating and 
inducing the limiting condition limt _~ o. These operations lead to the following results : 

I 
A = Vma~ (2a) 

where Umax is the maximum turnover the enzyme can achieve under the specific 
conditions at infinite incubation time without being reactivated, and 

I 
B = - -  (2b) 

Vo 

where V 0 is the initial velocity of the enzymic reaction under the specific conditions. 
From Eqns I, 2a and 2b Eqn 3 is derived: 

I I I 
+ 

U Umax  go t 
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Fig. I. (a)~Progress curves  of  tile enzymic  reac t ion  a t  different  forn la te  concen t ra t ions .  Assay  con- 
d i t ions  as descr ibed u n d e r  E x p e r i m e n t a l ;  1 .25/~g/ml pro te in ;  5 mM ni t roca techol  su lpha t e ;  
s o d i u m  fo rma te  concen t r a t i ons :  × - - × ,  0.805 M; O - - - © ,  0.405 M; D - - Q ,  0.205 M: /_~--A,  
O. lO 5 M; O---Q,  0.055 M; I - - I ,  o.o3 M. The  m a x i m u m  a m o u n t  of  p roduc t  fo rmed  is 2.75 % of  
the  init ial  s u b s t r a t e  concen t ra t ion .  (b) Reciprocal  plot  co r respond ing  to (a). 

Umax Vot 
, (.3) 

Uma× + Vot 

The dif ferent ia t ion quot ien t  du/dt of Eqn  3 gives the  dependence  of  the veloci ty  of 
the  reac t ion  ca t a lyzed  b y  a ry l su lpha ta se  A on the incubat ion  t ime:  

du  U~nax Vo 
, (4) 

d t  ( U m a x  -7 V'0g) 2 

The  half-life ~ (rain) necessary  for the  react ion ve loc i ty  to fall to half  i ts  ini t ia l  value 
is ca lcu la ted  as follows: 

2 
V o U m ~ x  V o 

2 (Um~x + Vote) 2 

Vl]lax 
r~ o.4I 4 - - - -  (5) 

V0 

The var ia t ion  of the  reac t ion  veloci ty  mus t  be p ropor t iona l  to the var ia t ion  of the  
concent ra t ion  of the  ac t ive  enzyme in the assay  system.  The half-life of the  react ion 
ve loc i ty  should  therefore  be an ind ica t ion  of  the  ra te  a t  which the enzyme is in- 
ac t iva ted .  

In  wha t  follows the influence of  cer ta in  monova len t  anions, of S Q  2-, and  of 
subs t r a t e  on the kinet ic  proper t ies  of  the a ry l su lpha tase  A is s tud ied  with  the a id  
of  the re la t ions  deduced  above.  
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T A B L E  I 

E F F E C T  O F  T H E  F O R M A T E  C O N C E N T R A T I O N  ON S O M E  P A R A M E T E R S  O F  T H E  E N Z Y M I C  R E A C T I O N  

Assay as descr ibed unde r  E x p e r i m e n t a l ;  1.25/~g/ml p ro te in ;  5 mM n i t roca techo l  su lphate .  

479 

Sodium formate Half-life Maximum turnover Umax Initial velocity V o 
eoncn (M)  ~½ (rain) (nmoles nitrocatechol (nmoles nitrocatechol 

released per I~g protein) released per t~g protein per rain) 

0.805 5.6 168 12. 3 
0.405 3.9 117 12.7 
0.205 2.7 89 13.4 
O. lO 5 2.0 74 14.8 
0.055 1.9 55 12.o 
0.03 1. 7 36 8.8 

Influence of the sodium formate concentration in the assay system on the activity of the 
arylsulphatase A 

The progress curves of the enzymic reactions eatalysed by the arylsulphatase A 
at various sodium formate concentrations and at 5 mM substrate concentration are 
given in Fig. Ia. They show an increase in the rate of inactivation of the enzyme 
which results in a decrease of the maximum turnover as the formate concentration is 
lowered. The reciprocal plots corresponding to Fig. Ia  are given in Fig. Ib, the 
maximum turnovers, the initial velocities, and the half-lives of the enzymic reactions 
calculated from Fig. Ib  are listed in Table I. The initial velocities appear to show a 
more complex dependence on the formate concentration: When the formate concen- 
tration is lowered it slowly rises, to reach a maximum at O.lO5 M formate, after 
which it falls off sharply. 

Similar exper iments  performed in the presence of I mM BaC12 to precipitate 
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Fig. 2. Progress  curves  a t  d i f ferent  sod ium fo rma te  c oncen t r a t i ons  under  the  inf luence of SO42 . 
Assay  cond i t ions  as ou t l ined  u n d e r  Fig. ia .  Af ter  3 ° rain i n c u b a t i o n  t i m e  333/~1 Na~SO 4 so lu t ion  
were added  to  3 ml  i n c u b a t i o n  m i x t u r e  to  g ive  a SO4 ~- concen t r a t i on  of a b o u t  i o  mM. 
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the liberated S042- resulted in virtually the same values for the reaction parameters. 
I t  was thus demonstrated that the S042- liberated by the hydrolysis of the nitro 
eatechol sulphate had no effect on the initial phase of the enzymic reaction. 

Influence of the sodium formate concentration on the activity of the arylsulphatase A 
reactivated by S042- 

Arylsulphatase A is largely inactivated after an incubation period of about 
3 ° rain. The addition of Na2SO 4 to give a SO42- concentration of IO mM caused a 
reactivation of the enzyme which led to constant reaction velocities °. The resulting 
reaction velocities depended on the sodium formate concentration in the assay 
system, being higher the higher the formate concentration (Fig. 2, Table II). The 
small amount of SO42- released by the hydrolysis of the substrate gave rise to a 
nfinor variation of the SO, 2- concentration in the assay systems. These variations 
could be neglected, however, as the following experiment indicated: 

After an incubation period of 3o rain an assay system (0.405 M sodium formate) 
was divided into two portions. To both portions Na2SO 4 was added to give SO42 
concentrations of 9.5 and io raM, respectively. The resulting constant reaction 
velocities were 1.57 and 1.56 (nmoles of nitrocatechol released pe r / ,g  protein per 
rain), respectively. 

TABLE II 

VELOCITY OF THE ENZYMIC REACTION AFTER REACTIVATION BY SO4 2- 

A s s a y  as described under Experimental; 1.25 ug/ml protein; 5 mM nitrocatechol sulphate; after 
an incubation period of 3 ° rain addition of o.333 nil o.I M Na2SO 4 solution to 3 ml incubation 
mixture. 

Sodium formate Effective S042- Reaction velocity after reactivation 
conch (M) concn (raM) (nmoles nitrocatechol released per i~g protein per rain) 

o.8o 5 lO. 3 1.63 
0.405 lO.25 1.57 
O.lO 5 lO.17 1.o15 
o.03 IO.i o.216 

Influence of the substrate concentration on the activity of the arylsulphatase A 
Fig. 3 shows the time dependent variation of the activity of arylsulphatase A 

at various substrate concentrations in the presence of O.lO5 M sodium formate. The 
initial velocity of the hydrolytic reaction increases with the substrate concentration 
as should be expected from the Michaelis-Menten theory. The same holds true for 
the rate of enzyme inactivation, while the maximum turnover does not depend on 
the substrate concentration (Table III) .  At o.i and 0.05 mM substrate concentration 
the theoretical maximum turnover turned out to be higher than the amount of 
nitrocatechol sulphate present in the assay system. In these cases the reaction was 
only followed over an incubation period of 2 rain. During this period the reciprocals 
of the turnover and the incubation time were linearly correlated with each other. At 
longer incubation times the turnover became progressively less than expected because 
of the depletion of substrate in the assay system. The independence of the maximmn 
turnover from the substrate:concentration was also observed in assay systems con- 
taining 0.805 M sodium formate. 

t3iochim. Biophys. Acta, 276 (1972) 475-490 
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Fig. 3. (a) Progress curves at  different subs t ra te  concentrat ions.  Assay conditions as described 
under  Exper imenta l ;  1.25 ffg/ml protein;  O.lO 5 M sodium formate  concentrat ion ; nitrocatechol 
su lphate  concentrat ions:  × - - × ,  5 raM; C ) - -© ,  2 raM; []--F-l ,  I nlM; A - - A ,  0. 5 raM. (b) 
Reciprocal plot  corresponding to (a), 

T A B L E  I I I  

E F F E C T  O F  S U B S T R A T E  C O N C E N T R A T I O N  O N  S O M E  P A R A M E T E R S  O F  T H E  E N Z Y M I C  R E A C T I O N  

Assay condit ions as described under  Exper imenta l ;  1.25 #g /ml  protein;  O.lO 5 M sodium formate.  

Substrate Half-life 
concn (raM) T~ (min) 

Max imum turnover Umax 
(nmoles nitrocatechol 
released per big protein) 

Initial  velocity V o 
(nmoles nitrocatechol released 
per fig protein per rain) 

5 1.5 74 20.0 
2 1.7 74 17.4 
I 2.o 74 14.8 
0"5 3 .o 74 IO.O 
o.I lO.2 74 3 .O 
° ' °5  19.1 74 1.6 

Apparent Michaelis constants of the arylsulphatase A 
To establish the Michaelis-Menten curves of the enzyme the velocities of the 

enzymic reaction were determined at incubation periods of i, 5, and IO rain as des- 
cribed under Experimental. The velocities referred to in this chapter therefore are 
not initial but instantanous velocities. 
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Fig. 4- Michael is -Menten curves. Assay condi t ions as described under  Exper imen ta l ;  incubat ion 
t ime i min, 6.15 ffg/ml protein;  sodium formate  concentra t ions :  × - - × ,  o.8o 5 M; [7] -[-], 
o.2o 5 M; 0 - - 0 ,  o.o55 M. (b) IAneweaver -Burk  plots corresponding to (a). 

Fig. 4 a gives a typical example of the variation of the Michaelis-Menten 
curves with the sodium formate concentration; the corresponding Lineweaver-Burk 
plots are shown in Fig. 4 b. It can be seen from Fig. 4 that the apparent Michaelis 
constants decrease and the reaction velocities at low substrate concentrations 
increase, when the formate concentration in the assay system is lowered. From this 
evidence an inhibition of arylsulphatase A by formate is obvious. 

The enzyme is inactivated at different rates depending on the formate concen- 
tration. Therefore the maxinmm velocity of the enzymic reaction must also depend 
on the formate concentration. For this reason the variation of the maximum velocities 
gives no evidence on the mode of inhibition of the enzyme by formate. The apparent 
Michaelis constants Kp calculated from the Lineweaver-Burk plots increase pro- 
portionally to the formate concentration in the assay system (Fig. 5). According to 
Dixon and Webb 14 this proportionality indicates a competitive mode of inhibition, 
and tile apparent Michaelis constant in tile absence of the inhibitor Ks. as well as tile 
inhibitor constant K¢ may be calculated from Eqn 6: 

C s o d i t l  i n  formate' 

The evaluation of the Michaelis-Menten curves is further complicated by the fact 
that  due to the inactivation of the enzyme during the reaction the constants Kp, K8 
and Kf also depend on the length of the incubation period (Table IV). 
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Fig. 5. V a r i a t i o n  o f  appa ren t  Michael is  constants  Ks and K p  w i t h  e lec t ro ly te  concen t ra t i on  and 
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© - - Q ,  sod ium acetate;  [ ] - -E - I ,  sod ium prop iona te .  I n c u b a t i o n  t imes are no ted  in  the f igure. 

T A B L E  IV 

A P P A R E N T  i ' V [ I C H A E L I S  A N D  I N H I B I T O R  C O N S T A N T S  O F  A R Y L S U L P H A T A S E  A I N  T H E  P R E S E N C E  O F  

F O R M A T E  A N D  S O 4  2 -  A T  D I F F E R E N T  I N C U B A T I O N  T I M E S  

The competi t ive inhibit ion of  arylsulphatase  A by  SO4 ~- is well known 13. Da ta  on the inhibi tor  
cons tan t  for the h u m a n  enzyme are not  available, however.  The incubat ions  were performed in 
o.4o 5 M sodium formate,  therefore the apparen t  Michaelis cons tan t  K8 still reflects the inhibi tory 
effect of  formate.  The same m u s t  be assumed for the inhibi tor  cons tan t  K,. I t  is clear, however,  
t ha t  the K~ of  SO42- is very  much  smaller t han  the  K,  of  formate.  

Electrolyte Incubation time K, K~ 
(rain) (raM) (mM) 

Sodium formate  i o. 3 238 
Sodium formate  5 o.24 221 
Sodium formate  IO o.o9 124 
Sodium sulphate  i 0.67 8. 7 

Influence of other monovalent anions on the kinetic properties of the arylsulphatase A 
The effects of sodium acetate and sodium propionate on the arylsulphatase A 

are very similar to those of sodium formate: they inhibit the enzymic reaction 
(Fig. 5) and at the same time exert a concentration dependent influence on the rate 
of enzyme inactivation. On comparison the inhibitor constant increases with the 
chain length of the monocarboxylic acid, while the half-life of the enzymic reaction 
decreases at the same instance (Table V). 

The effect of NaC1, which is often used in the assay system, could only be 
studied in the presence of sodium acetate or formate as buffer components. Any in- 

Biochim. Biophys. Acta, 276 (1972) 475-400 
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T A B L E  V 

I N H I B I T O R  C O N S T A N T S  A N D  H A L F - L I F E  OF T H E  E N Z Y M I C  R E A C T I O N  IN T H E  P R E S E N C E  OF F O R M A T E ,  

A C E T A T E ,  A N D  P R O P I O N A T E  

Incuba t ion  t ime for the determinat ion  of the inhibitor  cons tants :  5 rain. 0.405 M electrolyte 
concentrat ion;  1.25/zg/ml protein;  5 mM nitrocatechol sulphate  in the assay sys tems for the deter- 
minat ion  of hMf-lives of the enzymic reaction. 

Electrolyte K~ Half-life ~ ~ 
(raM) (rain) 

Sodium formate  221 3.9 
Sodium acetate 256 3.4 
Sodium propionate  362 2. 3 

hibitor constant or half-life would therefore reflect the influence of two distinct 
kinds of anions on the kinetic properties of arylsulphatase A and cannot be compared 
directly to the data given above. The progress curves of two assays in the presence 
of o.03 M sodium formate as well as o.8 and o.o8 M NaC1, respectively (Fig. 6), show, 
however, that  the effects of C1- on the arylsulphatase A are much the same as those 
of formate, acetate, and propionate. 

From corresponding experiments with KC1 and RbC1 exactly the same progress 
curves were obtained, thus showing that  it were indeed the anions of the electrolytes 
cited above which influenced the kinetic properties of arylsulphatase A. 

C 

L:~O0 

~15o 

 Ioo 
c 

o 

~o. 

Time (rnln) 

Fig. 6. Progress curves in the presence of  NaC1. Assay condit ions as outl ined under  Exper imenta l ;  
1.25/~g/ml protein;  5 mM nitrocatechol sulphate;  o.03 M sodium formate;  NaC1 concentrat ion:  
× -  × ,  o.8 M; © - - O ,  o.o8 M. After an incubat ion period of 7 ° min 222/~1 o.i M Na2SO a solution 

were added to 2 ml incubat ion mixture  to give a SO4 ~- concentrat ion of IO raM. 

DISCUSSION 

The effects of  formate, acetate, propionate, and C1- anions on the kinetic pro- 
perties of  the arylsulphatase A are qualitatively alike. In what follows they will be 
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discussed with regard to formate only. I t  must  not be forgotten, however, that  other 
monovalent  anions show similar effects. Arylsulphatase A is inhibited by  formate 
anions. From the linear correlation between the apparent  Michaelis constant K~ and 
the formate concentration (Fig. 5) a competitive mode of inhibition is assumed. 
Regarding, however, the complexity of factors affecting the Michaelis-Menten curves 
this assumption is by no means unambiguous. A comparison between the apparent 
Michaelis constant in the absence of formate K8 and the inhibitor constants K,  of 
formate and of SO4 2- shows that  the affinity of the enzyme to nitrocatechol sulphate 
and to SO4 2- is much higher than to formate (Table IV). 

c 

12. 

u150. 
8 

o / 

[~oo. 

c 
c. 

50. 
E 

• ~- / 

I[ O '  
0 o.'2 014 

Sodrum f o r m a t e  conch (M) 

Fig. 7. Variat ion of m a x i m u m  tu rnover  
tu rnovers  are obtained f rom Table I. 

/ 
/ 

/ 

o:6 d~ 

Umax with sodium formate  concentrat ion.  Max imum 

Despite their inhibitory effect formate ions significantly enhance the maximum 
turnover arylsulphatase A achieves before total inactivation (Table I). In fact, the 
maximum turnover seems to be not much different from zero in the absence of 
formate, as an extrapolation of the curve in Fig. 7 (a graphical representation of the 
correlation between the formate concentration and the maximum turnover) to zero 
formate concentration indicates. In the absence of monovalent anions like formate 
the arylsulphatase A seems to show hardly any activity. Direct evidence for this 
assumption could not be obtained, because the assay system had to contain at least 
that  amount  of formate which was necessary to adjust the pH of the substrate 
solution to 5.3 with formic acid .On the basis of the proposed reaction mechanismS, 9 
these results may  be explained as follows: By the formation of the enzyme-substra te  
complex with the substrate ion at the active sites (ES) a second binding site of the 
enzyme molecule is exposed which can bind either a second substrate ion to form an 
inactive SES complex, or a formate anion (A) to form an active AES complex. The 
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latter reacts to yield product (P),  formate (A), and native enzyme (E). Whether 
the SES complex reacts to yield product and an enzyme species with substrate bound 
to its second binding site (SE) or whether it is completely inactive cannot be decided. 
If, however, the SE complex is formed, it should be unable to degrade further sub- 
strate ions and thus stay inactive. 

From the competitive inhibition of the enzyme by formate the existence of an 
enzyme-formate complex with formate at the active site of the enzyme (EA) must 
also be expected. It is ,however, doubtful whether a complex of the form AEA exists, 
since the kinetic properties of the enzyme cannot be altered by preincubation with 
formate alone. The proposed reaction scheme is represented in the following diagram, 
in which the stoichiometric relations are not taken into account: 

S E S  

E + S ~- A ~1~2S + EA 

E + P + A - .  A E S  

? 
-~. S1,2 ~ P 

According to this scheme the initial velocity of the enzymic reaction should be pro- 
portional to the concentration of AES in the assay system. This concentration is 
influenced by the formate concentration via two different reactions of opposite 
effects : an increase in the formate concentration leads (a) to an increase in the amount 
of EA and thus to a decrease in ES (E + A + S ,~ ES + EA), and (b) to an increase 
in the amount of AES formed from the existing ES (ES + A -+ AES). Whether 
Reaction a or b predominates in the variation of the initial velocity with the formate. 
concentration depends on the substrate concentration. At low substrate concentra- 
tions Reaction a predominates at least from 0.o 3 M formate concentration on, thus 
leading to a decrease in the initial velocity with increasing formate concentrations 
(Fig. 4a). At 5 mM substrate concentration Reaction b controls the variation of the 
initial velocity up to a maximum at O,lO 5 M formate concentration, whereafter 
Reaction a becomes predominant. 

I f  this explanation of tile reaction mechanism is correct, then the relation of 
the affinities to substrate and formate must be different for the first and second 
binding sites. The ratio of the affinities of substrate and formate to the first binding 
site must be much lower than the corresponding ratio of the affinities to the second 
binding site. 

The same result is obtained from a comparison of the progress curves at different 
substrate concentrations (Fig. 3 and Table III) ,  which shows that the maximum 
turnover is not affected by this item. That means that at any substrate concentration 
each enzyme molecule on the average hydrolyses the same number of substrate ions 
prior to its inactivation. The percentage of SES formed from the existing ES there- 
fore must be largely independent from the substrate concentration, and the affinity 
of the second binding site to substrate must hence be much higher than to formate, 

The relation between the maximum turnover and the substrate concentration 
furthermore explains the decrease of the apparent Michaelis constant with in- 
creasing incubation times. Since the turnovers at different substrate concentrations 
approach each other when the incubation time is increased, the apparent Michaelis 
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constant of the non-reactivated enzyme must decrease and should become zero at 
infinite incubation times. 

Formate  not only affects the reaction of the native arylsulphatase A but also 
the activity of the enzyme species, which has been reactivated by the addition of 
SOa 2-. The constant reaction velocity, which is achieved after the addition of SOa 2- 
to an assay system containing the inactivated enzyme, decreases with decreasing 
formate concentrations (Fig. 2, Table II). Formate accordingly also participates in 
the reaction of the reactivated enzyme, and the effect of activators like SO4 2- (I) 
may merely result in a removal of the blockage of the enzyme by the substrate : 

E + S  + I  + S E I  

+s [ 
+ i  

E + S ~ ES  - - ~  SES  (SE?) 
~ + A  

E + P + A + - A E S  

This diagram again does not take the stoichiometric relations into account. 
Since SO, z- and formate are inhibitors of the enzyme, the enzyme-inhibitor 

complexes E I  and E A  should also exist. They have been omitted from the above 
scheme, however, because they do not change it basically. After the reactivation of 
the inactivated enzyme by  SO4 z an equilibrium between the different enzyme 
species is slowly achieved which leads to a constant reaction velocity. Nicholls and 
Roy 9 have shown that  in the presence of SO4 2- the reactivated enzyme exhibits a 
mode of substrate inhibitions which indicates the existence of an inactive E S  2 species, 
as should be expected from the above reaction scheme. According to the law of mass- 
action the substrate concentration at which the inhibition becomes manifest should 
depend on the SO4 2- concentration. Substrate inhibition cannot be expected, however, 
in the initial phase of the reaction, in which the enzyme is progressively inactivated. 
In this phase the reaction does not reach an equilibrium, and an elevation of the sub- 
strate concentration merely enhances the rate of inactivation and does not alter the 
maximum turnover (Table III). 

The proposed scheme of the enzymic reaction of arylsulphatase A is by no 
means complete and unambiguous .To explain the effect of activators like SO4 2- on 
the inactivated enzyme further studies are necessary, especially since Nicholls and 
Roy 9 have shown that  at pH 6 and in the absence of substrate the rate of conversion 
of the inactivated to the active form of the enzyme is not affected by the presence 
of SO4 2-. Up to now it is furthermore only ascertained that  the enzyme is inactivated 
by the action of its substrate. Whether the inactivated form really contains any 
substrate ions we hope to elucidate by incubating native arylsulphatase A with 
double-labelled nitrocatechol sulphate. 
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In the foregoing paper it was shown empirically that the relationship between 
the amount of  nitrocatechol produced (u) by the action of sulphatase A on nitro- 
catechol sulphate in time (t) had the following form: 

i i 
- = A  + B -  (1) 
u t 

Eqn I accounts for the inactivation of sulphatase A which occurs during its reaction 
with its substrate. A relationship of  this form can be rather simply derived if the 
enzymic reaction is assumed to be 

E + S ~ E S  5 E + p roduc t s  (2) 

aka 
E S  ~ inac t ive  e n z y m e  (3) 

In this scheme a is small: k 3 is approximately 30 s -a (Roy, unpublished observations) 
whereas the half-time for the inactivation of  sulphatase A is about 5 min, correspon- 
ding to a velocity constant of about 0.003 s -1 so that a must be of  the order of IO a. 
When the substrate concentration (s) is much greater than Kin, then 

v o ~ kae' . .  k3e o (3 a) 

where v 0 is the initial velocity of  the enzymic reaction and e 0 and e' the initial total 
enzyme concentration and the concentration of  the enzyme-substrate  complex (ES), 
respectively. 
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