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INTRODUCTION 

In previous publications we pointed to the bearing of PH activity curves on tne deter- 
mination of phosphatase in extracts of organs and serum 1, t, a. We demonstrated that  
small differences in Pn might cause great differences in activity. Hence for the accurate 
determination of phosphatase it is better to establish activity curves than to content 
oneself with one determination at optimum PH. Moreover these curves give an indication 
of the presence of isodynamic phosphatases. For the various organs we found specific 
activity curves. Fig. I shows the PH curve for tl~e aU 
kidney, Fig. 2 that for the intestine of the rat. xsoo 

It is notable that the optimum p ,  for phosphomo- 
$000 noesterase I (the so-called alkaline phosphatase) is so 

high. Although we are rather in the dark regarding 4500 
the value of the PH in the riving cell or part of the 

400O 
cell, yet a p ,  of 9.8 must be considered to be un- 
physiological. Further it is remarkable that the ferment ~oo 
deploys so little activity at more physiologicalpn Values. 3o0o 

The presence of accompanying substances can 
influence the optimum PH of an enzyme reaction. This ~$o0. 
is the reason that  identical PH optima are not always 20oo 
found for one and the same ferment in unpurified 
extracts of various organs. For various organs these ~so0 
differences are very slight as fax as the alkaline phos- tooo 
phatase is concerned. Phosphomonoesterase I in 
intestine extract has its maximum action at PH = 9.6; $00 
in kidney extract at pn = 9.9. FRANKENTHAL4 has 
found that an acid phosphatase from sarcomas shows o 
another optimum when Mg++ and Mn ++ ions are 
present than when these ions are absent. We have 
now investigated the influence of various substances 
on the alkaline phosphatase. 
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Fig. L pH-act ivi ty-curve of the 
phosphatase(s) of the kidney of the 
rat .  (B.U. = BODANSKY-Unit) 

When ferments are purified, which evidently causes many accompanying sub- 
stances to be removed, it sometimes happens that the optimal action of the purified 
References p. x~ 4. 
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enzyme is found at another PH than that o f  the initial material. I:ROM:~,(;EOa ~ describes 
this phenomenon for glucosulphatase. We have subjected phosphomonoesterase I to a 
purification, examining whether also in this ease the PH optimum changed. 

The Ptt optimum is dependent of, the substrate used. DELORY AND KIy(; n stated 
that the optimum PH for phosphomonoesterase I is higher for t)hosphoric acid esters 
with a low degree of dissociation than for esters with a higher degree of dissociation. 

With one particular substrate the optimum PH of a ferment reaction sometimes 
depends on the substrate concentration. 
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Fig. 2. PH ac t iv i t y - cu rve  of the  phospha tase (s )  of the  in t e s t ine  of the  ra t  

I t  is assumed that the enzyme reaction passes through various phases. First there 
is a combinatior of enzyme and substrate, forming a complex. 

E + S -~ES  (I) 

Then there is a disintegration: 

E S - ~ E  + Pz +P~  (2) 

Both reactions depend to a different extent on the Pa. Finally the equilibrium 

Holo E ~ Apo E + Co E (3) 

is also in many cases influenced by the PH. 
VAN SLYKE ? assumes that with a low concentration of the substrate reaction I 
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predominates. With a high concentration of the substrate the enzyme is fairly constantly 
combined with substrate molecules and reaction 2 predominates. For urease and arginase 
the optimum PH was shown to be dependent on the concentration of the substrateL 
We have examined whether with the alkaline phosphatase the optimum also varies 
with the concentration of the substrate. 

EXPERIMENTAL PART 

I. METHODS OF PHOSPHATASE DETERMINATIONI~ 2, 3 

For these we refer to our previous publications. 
Na-fl-glycerophosphate served as a substrate. 

II. INFLUENCE OF ACCOMPANYING SUBSTANCES IN THE EXTRACTS 

For the preparation of extracts of organs, as this was done for determining activity 
curves t, the organ is ground up with powdered quartz, consequently the environment 
in which the phosphatase reaction takes place may be quite different from that of the 
cells which contain the phosphatase in the living organ. The low-molecular substances 
are removed from the extract by dialysis. We could confirm the observation described 
by ALBERS 8, 9 that in the kidney extract a substance occurs which inhibits the phos- 
phatase. In intestine extracts activity was the same before and after dialysis. The op- 
t imum PH did not vary. The extracts were dialysed in a collodion bag for 24 hours 
against running tapwater and afterwards once more against distilled water till no more 
P04'"  ions were demonstrably present. 

T ~ L E I  

Organ extract 

Kidney before dialysis 
Kidney after dialysis 
Intestine before dialysis 
Intestine after dialysis 

P.U.* [ PH optimum 

x9 I 9-9 25 9.9 
x5 9.6 
x6 9.6 

III. PURIFICATION OF PHOSPHOMONOESTERASE I 

The organ extract was brought to PH = 4.5 with the aid of t n. acetic acid. Per 
ml of extract 25 mg kaolin was added and the mixture shaken. After 15 minutes centri- 
fugation took place and the centrifugate was poured off. The precipitate was eluted 
with 33% ethanol, which had been brought to PH ---- 9 with ammonia. After centri- 
fugation the PH of the centrifugate was reduced to 7 and ethanol was added drop by 
drop, the centrifugate being stirred continuously till the ethanol concentration amounted 
to 7o%. The result was a precipitate from which phosphomonoesterase I could be 
extracted at PH 8.7- A large proportion, however, remains insoluble (we found that 
when precipitation takes place at - i o ° C  readily soluble preparations are:obtained. °* 

* P.U. = Phosphatase-Unit (AI.BERS s) 
** To be published shortly 
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The solution of phosphomonoesterase I obtained by this method no longer contained 
any other phosphomonoesterase, on the other hand it still contained pyrophosphatase. 
By bringing the liquid to pn = 5.0 and adding a solution of diphenylmethanol in 96% 
ethanol the diphenylmethanol onto which the ferments had been adsorbed was pre- 
cipitated. After centrift~gation the phosphomonoesterase I could be eluted at PH - 9 .0 
and so freed from pyrophosphatase I. With this purified preparation a t)tl activity curve 
was determined (Fig. 3). It showed that the optimum had not shifted. 
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Fig. 3. Separation of phos- 
phomonoesterase I and 
phosphomonesterase II of 

the kidney of the rat 
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Fig. 4" Kidney of the rat ; I pH-activity- 
curve of the phosphatase without 
Mg++; II pH-activity-curve of the 

phosphatase with Mg ++ 

IV. INFLUENCE OF VARIOUS IONS 

Of a number of cations and anions we tested the influence on the activity and on 
the PH optimum of phosphomonoesterase I. The inhibitory anions such as CN', F' ,  
CO3', oxalate and citrate ions hardly shift the optimum. No more do the activating 
No'3 and tartrate ions. 

The activating cations Mg ++, Mn ++, Co ++ and Ni ++ and the inhibitory Sr ++, Ba +*, 
A1 +++, Ag +, Pb ++, Cu ++ and Hg ++ produce no change in the optimum PH. Mg ++ is 
the most strongly activating; Fig. 4 shows an activity curve with and without the 
addition of MgSO, (lO -3 tool). 

V. INFLUENCE OF THE SUBSTRATE CONCENTRATION 

Fig. 5 gives a curve showing the influence of the substrate con centration on the 
liberation of phosphate. The non-enzymatic hydrolysis of fl-glycerophosphoric acid 
presents a reaction of the first order. 

kThe curve showing the influence of the substrate concentration on the enzymatic 
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hydrolysis consists of a linear part  (a) which then curves (b), following by a horizontal 
part  (c), while the end clips (d). In part a the reaction is still of the first order, for which 

dS 
. . . . .  klSE 

dt 

I S o 
hence k tE = S In "~t in 'which So represents the initial substrate concentration and S1 
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Fig. 5. Influence of the subs t r a t e  concen t ra t ion  on the hbe ra t ton  of phospha te  

S o  
the final substrate concentration. Table I I  shows that ~ t  is constant for low substrate 
concentrations. 

I n  all cases the reaction time was 45 minutes. For part  c of the concentration curve 

dS 
dt = k'rE is found. 

Now the rate of reaction has become independent of the substrate concentration 
(reaction of zero order with respect to the substrate). 
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As the assumption of VA~ SLYKE concerning the reaction of urease and axginase 
reaction has proved also to apply to phosphomonoesterase I it was desirable to establish 
a Pa activity curve of the alkaline ph~-phatase with varying substrate concentratior. 

Fig. 6 shows PH c u r v e  of the alkaline phosphatase of the kidney of the rat with 
the following substrate concentration: 4 mg/ml; I mg/ml; o.2 mg/ml and o.x mg/ml. 
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I t  is seen tha t  a t  low subs t ra te  concent ra t ion  the curve shifts to the neut ra l  region. 
Tha t  this is also the  case for the phospha tase  of the  intest ine is p roved  by  Fig. 7- 

c z a = o~rng subsb'afe/n~ 
e===--,eb = 42st . . 
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Fig. 6. Kidney of the rat pH-activity- 
curves of phosphomonoesterase I with 

different substrate concentrations 
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Fig. 7. Intestine of the rat pH-activity-curves 
of phosphomonoesterase I with different 

substrate concentrations 

CONCLUSION 

W h e n  de te rmin ing  Pn ac t i v i t y  curves  for phosphomonoes terase  I we a lways  choose 
a subs t r a t e  concent ra t ion  of 4 -6  mg/ml  (Na-fl-glycerophosphate)  in the react ion l iquid 
(buffer + enzyme solut ion + subs t ra te  solution). Then we are on the hor izonta l  p~ i t  
of the  subs t r a t e  concent ra t ion  curve,  which is desirable  for the de t e rmina t ion ;  the  ra te  
of reac t ion  has then become independen t  of the subs t ra te  concentra t ion.  The hyd ro ly t i c  
reac t ion  tu rns  out  to pass th rough  several  phases.  At  lower subs t ra te  concent ra t ion  
the  pn  curve shifts  to the neu t ra l  region. In  the  l iving cell, where substances  are con- 
t inuous ly  ar r iv ing or from which t hey  are removed,  the subs t ra te  concent ra t ions  will 
be low. In the  cells the  op t imum PH for phosphomonoes tease  I will be lower than  would 
follow from the  ac t i v i t y  curve.  

W e  wish to express  our thanks  to  the  ROCKEFELLER FOUNDATION for helping us 

to ca r ry  out  this  research.  
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S U M M A R Y  

I. The  fact  is po in ted  ou t  t h a t  accord ing  to the  PH ac t iv i ty -cu rve  of phosphomonoes t e r a se  I 
f rom a n i m a l  o rgans  the  f e r m e n t  is so h igh ly  ac t ive  a t  an  unphys io logica l  PH and  so l i t t le  ac t ive  in 
the  physiological  PH region.  

2. For  the  a lkal ine  p h o s p h a t a s e  it  was  shown  t h a t  t he  s u b s t r a t e  concen t r a t i on  influences t he  
pos i t ion  of the  pH-ac t iv i ty  curve .  At  a low subs t r a t e  concen t r a t ion  the  curve  sh i f t s  to the  neu t r a l  
region.  I t  is e x p o u n d e d  t h a t  in the  cell t he  s u b s t r a t e  concen t ra t ions  will be low. For  the  d e t e r m i n a t i o n  
of the  pH-ac t iv i ty  curves  t he  s u b s t r a t e  concen t r a t i on  chosen is genera l ly  such  as  will no t  affect  the  
ra te  of  react ion.  These  are compa ra t i ve l y  h igh  concen t ra t ions ,  so t h a t  inferences a b o u t  the  o p t i m u m  
PH for the  p h o s p h a t a s e  ac t iv i ty  in the  cell c anno t  be d rawn  from t h e m .  

3. By  d ia lys is  of k idney  ex t r ac t s  it  was possible to r emove  an  inh ib i to ry  subs t ance .  Before and  
a f t e r  d ia lys is  the  o p t i m u m  is found a t  the  same  PH- 

4. Phosphomonoes t e r a se  I could be adsorbed  to kaol in  and  could a f t e rwards  be e lu ted  again .  
S u b s e q u e n t l y  the  e n z y m e  is p rec ip i ta ted  wi th  e thanol .  The  p repara t ions  purified in th i s  way  con t a in  
no o t h e r  p h o s p h o m o n o e s t e r a s e s ;  howcver ,  t h e y  do con ta in  p y r o p h o s p h a t a s e  I. By  adsorp t ion  to 
d i p h e n y l m e t h a n o l  and  a s u b s e q u e n t  e lu t ion  phosphomonoes t e r a se  I could be freed from pyrophos-  
pha t a se .  The  pur i f icat ion did  no t  affect  the  posi t ion of the  o p t i m u m  PH. 

5. The  influence of a n u m b e r  of  ca t ions  and  an ions  on the  s i t ua t i on  of t he  o p t i m u m  PH of the  
a lka l ine  p h o s p h a t a s e  was  tes ted .  T h e y  were shown to have  prac t ica l ly  no influence. 

RI~SUMI~ 

I. L ' a u t e u r  soul igne  le fa i t  que,  d 'apr~s  la courbe d ' ac t iv i t6  en  fonct ion du  PH, de la phos-  
phomonoes t~ ra se  I des  o rganes  a n i m a u x ,  l ' enzyme  est  e x t r ~ m e m e n t  ac t ive  b. des  PH non-phys io log iques  
et,  au  contra i re ,  for t  peu  a u x  PH phys io logiques .  

2. La  concen t r a t ion  du  s u b s t r a t  inf luence la pos i t ion  du  PH o p t i m u m  de la p h o s p h a t a s e  alcaline.  
Pou r  une  faible concen t r a t i on  en  subs t r a t ,  la courbe d'activit6, en  fonct ion  du PH es t  d~cal~e vers  
la neutrali tY. II e s t  v ra i semblab le  que,  dans  la cellule, la concen t ra t ion  en s u b s t r a t  es t  taible.  La de te r -  
m i n a t i o n  des  courbes  d ' ac t iv i t6  en  fonct ion du PH se fa i t  h a b i t u e l l e m e n t  en  presence de concen t ra t ions  
en  s u b s t r a t  te l les  qu 'e l les  n ' in f luencen t  pas  la vi tesse  de la r~act ion.  Ce s en t  lb. des  concen t ra t ions  
r e l a t i v e m e n t  ~lev~es; auss i  ne peu t -on  r ien en d~duire q u a n t  au  PH o p t i m u m  des p h 0 s p h a t a s e s  dan.~ 
la cellule. 

3. La  d ia lyse  d ' e x t r a i t s  de re in  p e r m e t  f l '~l iminer  une  subs t ance  inhibi t r ice .  Le PH o p t i m u m  
res te  le m 6 m e  a v a n t  e t  apr~s d ia lyse .  

4- La phosphomonoes t ~ ra se  I pout  ~tre adsorb6e sur  kaol in,  pu is  en  &re 61u~e. L ' e n z y m e  es t  
ensu i t e  pr( 'cipit6e par  l '6 thanol .  Une  tel le  p r6para t ion  ne con t i en t  pas  d ' au t r e  phosphomonoes t~rase ,  
ma i s  con t i en t  encore la p y r o p h o s p h a t a s e  I. Celle-ci peu t  dtre ~limin~e par  adsorp t ion  de la phospho.  
monoes t~rase  I sur  le d iph6nyl  m6thanol ,  suivie  d ' u n e  ~lution. Cet te  pur i f icat ion ne modifie pas  le 
PH o p t i m u m .  

5. L ' inf luence  d ' u n e  s~rie de ca t ions  e t  d ' an i ons  sur  le PH o p t i m u m  de la p h o s p h a t a s e  alcaline 
s ' e s t  r~v~16e nul le .  

Z U S A M M E N F A S S U N G  

I. Die K u r v e  der  Aktivit~it  der  Phosphomonoes t e r a se  I in Abh~algigkeit  v o m  PH l ~ s t  e rkennen ,  
dass  das  E n z y m  bei n ich t  phys io logischen  pH-Wer t en  seh r  ak t iv ,  bei phys io logischen  W e r t e n  dagegen  
sehr  wenig  a k t i v  ist. 

2. Fiir  die a lkal ische P h o s p h a t a s e  h/ ingt  die Lage des  p H - O p t i m u m s  v o n d e r  Subs t r a tkonzen-  
t r a t i on  ab ;  is t  diese niedrig,  so is t  die K u r v e  gegen neu t ra l e  pH-Wer te  h in  verschoben.  Wahrsche in l i ch  
ist  die S u b s t r a t k o n z e n t r a t i o n  inne rha lb  der  Zelle gering. Bei der  B e s t i m m u n g  der  pH-AktivitS.ts- 
k u r v e n  werden  die  S u b s t r a t k o n z e n t r a t i o n e n  im a l lgemeinen  so gew~.hlt, dass  sie die Reak t ions -  
geschwind igke i t  n ich t  beeinffussen.  Diese K o n z e n t r a t i o n e n  s ind  aber  verh~iltnismiissig gross, sodass  
sie keine  Rfickschliisse au f  das  in der  Zelle ffir die Akt ivi t / i t  der  P h o s p h a t a s e  her r schende  p H - O p t i m u m  
er lauben .  

3. Durch  Dialyse  konn t e  aus  N i e r e n e x t r a k t e n  eine, die W i r k u n g  der  P h o s p h a t a s e  h e m m e n d e  
Subs t anz  e n t f e r n t  werden.  Das  p H - O p t i m u m  wurde  durch  die Dia lyse  n ich t  ver~.ndert.  

4. Die P h o s p h o m o n o e s t e r a s e  I konn te  a n  Kaol in  adsorb ie r t  u n d  d a n a c h  wieder  e lu ie r t  werden .  
Das  E n z y m  wurde  d a n a  m i t  A t h a a o l  ausgefgl l t .  Auf  diese Weise gere!nigte  Pri~parate e n t h a l t e n  keine 
ande ren  Phosphomonoes t e r a sen ,  wohl  aber  P y r o p h o s p h a t a s e  I. Diese k o n n t e  du rch  Adsorp t ion  der  
P h o s p h o m o n o e s t e r a s e  an  D i p h e n y l m e t h a n o l  bei  s a u r e m  PH und  Elu ie ren  bei a lka l i schem PH en t f e rn t  
werden.  

5. Es  wurde  gezeigt,  dass  eine Anzah l  yon  K a t i o n e n  und  An ionen  au f  die Lage  des  p H - O p t i m u m s  
der  a lka l i schen  P h o s p h o m o n o e s t e r a s e  ke inen  Einf luss  haben .  
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