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One poss ib le  approach to solving questions concerning the chemica l  nature  of the phospl~ate bonds of 
phosphoproteins and the i r  convers ions  in metabo l i sm is the synthesis  of model compounds and the invest igat ion of thei r  
p rope r t i e s .  There fo re ,  we have developed methods for  the synthesis  and have studied some p rope r t i e s  of d i s e ry l  
pyrophosphates  [1] and sery l  pyrophosphates  [2]. 

The pyrophosphate  bonds of the se ry l  pyrophosphates  a re  readi ly  hydrolyzed by such enzymes  as the alkal ine 
phosphatase of E. coli  [3] and the inorganic  pyrophosphatase of yeast  [4], while O-pyrophosphoser ine  is hydrolyzed 
by the acid phosphatase  of wheat b ran  [5]. When se r ine  or  ethanolamine is p re sen t  in {he react ion mixture ,  in 
addition to the hydrolys is  of the methylamide  of N-benzoyl -O-pyrophosphoser ine  (I) by the alkal ine phosphatase of 
E. eoli,  a phospho t rans fe rase  reac t ion  takes place,  [. e . ,  there  is an enzymatic  synthesis  of phosphoser ine  or  
phosphoethanolamine [6]. 

This paper  gives  the resu l t s  of the hydrolys is  of the methylamide  of N-benzoy l -O-pyrophosphoser ine  (D by the 
acid phosphatase of wheat bran  in o rde r  to e lucidate  the poss ibi l i ty  of this e n z y m e ' s  cata lyzing the p~hosphotransferase 
reac t ion  with the par t ic ipat ion  of sery l  pyrophosphate (I) and p-ni t rophenyl  phosphate. It was es tabl ished that under  
the action of the acid phosphatase the se ry l  pyrophosphate (I) is rapidly hydrolyzed,  forming,  in the f i r s t  place,  the 
methylamide  of N-benzoy t -O-phosphose r ine  (II) and phosphoric  acid. 
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We have invest igated the dependence of the percen tage  of enzymatic  c leavage  of se ry l  pyropbosphate  (I) on the 
pH of the reac t ion  medium (figure). It fol lows f rom the resu l t s  obtained that se ry l  pyrophosphate (I) is hydrolyzed by 
wheat bran  phosphatase at a high rate: the enzyme exhibits its g rea t e s t  act ivi ty in the pH range f rom 5:0-5.5.  To 
compare  the ra tes  of c leavage of pyrophosphate and phosphomonoes ter  bonds, the hydrolysis  of se ry l  monophosphate 
(II) was also p e r f o r m e d  (see figure).  It mus t  be emphasized that the ra te  of c leavage  of the pyrophosphate bond of 
sery l  pyrophosphate  (I) is considerably  higher  than that of the phosphomonoes ter  bond of se ry l  monophosphate (II). 
Thus, at pH 5.0 (37 ° C) in an ace ta te  buffer,  af ter  15 min sery l  pyrophosphate (l) is cleaved to the extent of 71% and 
seryI  monophosphate (II) to the extent of 12.8%. 

The composi t ion of the phosphate buffer  has l i t t le  influence on the percen tage  hydrolys is  of I and It (at pH 5.0 
in a c i t ra te  buffer ,  I is 65.4% hydrolyzed and in an acetate  buffer  71%). It has been repor ted  prev ious ly  that the 
composi t ion of the buffer has a substantial  influence on the ra te  of hydrolysis  of O-pyrophosphoser ine  (at pH 5.5 in a 
c i t r a t e  buffer  O-pyrophosphoser ine  was hydrolyzed to the extent of 53%, in an aceta te  buffer  to the extent of 16°7o [5]). 

It is known that many alkal ine [7] and acid [8] phosphatases  posses s  a phosphot ransferase ,  bes ides  a 
phosphatase,  activity.  It was n e c e s s a r y  to elucidate  the capacity of the acid phosphatase fo r  catalyzing the synthesis  of 
phosphate es te r s .  As the donor of the phosphoric  acid res idue  we used the se ry l  pyrophosphate I and as the aeceptor  
ethanolamine.  An analysis  of the react ion mix ture  showed that the hydrolys is  of the sery l  pyrophosphate I by the acid 
phosphatase f rom wheat bran in the p r e s e n c e  of an aeeeptor  is not accompanied by the phosphot rans fe rase  react ion.  
It r emained  unc lea r  with what the absence of synthetic act ivi ty  was connected--with f ea tu res  of the donor or  of the 
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enzyme.  Consequently,  invest igat ions were  ca r r i ed  out with one of the mos t  widely used donors in phosphot rans fe rase  
reac t ions  of phosphomonoes te rases - -p -n i t ropheny l  phosphate. The course  of the react ion was moni tored  by de te rmin ing  
the amounts of p-ni t rophenyl  and phosphoric  acid. Glucose,  ethanolamine,  methanol,  propanol,  g lycero l ,  and bu t ane - l ,  
4-diol  were  used  as the acceptors .  The ra t io  of the concentra t ion of p-ni t rophenyl  phosphate to that of the aeceptor  was 
var ied  in the following way fo r  glucose:  1 : 12.5; 1 : 25; 1 : 50; 1 : 100; 1 : 200; 1 : 300; 1 : 1000; and fo r  ethanolamine: 1 : 100; 
1 : 200; 1 : 300; 1 : 500. F o r  the other  accep tors  this ra t io  was 1 : 500. The t ime of incubation with glucose and 
ethanolamine was f rom 5 to 30 min and with propanol f rom 15 min to 3 hr. Fo r  the o ther  acceptors  the t ime of 
incubation was 15 min, the reac t ion  being ca r r i ed  out at 25 and 37 ° C and at pH 5.5--and also pH 5.2 in the case  of 
propanol.  However ,  in all cases  equimolar  amounts of p-ni t rophenol  and inorganic phosphate were  detected. All these  
resu l t s  show the absence of phosphot rans fe rase  act ivi ty in the acid phosphatase.  The resu l t s  obtained p e r m i t  the 
assumption that the s t ruc tu re  of the ac t ive  cen ter  and the mechan ism of the action of the acid phosphatase of wheat 
bran  differ  f rom those fo r  the nonspecif ie  alkaline and acid phosphatases  with a phosphot rans fe rase  activity.  

Hydrolys is  of the pyrophosphate  bond of 
se ry l  pyrophosphate (I) and the 
phosphomonoes ter  bond of s e ry  l 
monophosphate (II) by the acid phosphatase 
f rom wheat bran as a function of the pH. 

It is repor ted  in the l i t e r a tu re  that a p repara t ion  hydrolyzing monophosphates and phytin, but possess ing  no 
phosphot rans fe rase  act ivi ty,  has been isolated f rom the seeds of rye  [9]. 

E X P E R I M E N T A L  

The work was ca r r i ed  out with a f r e e z e - d r i e d  p repara t ion  of the acid phosphatase of wheat bran of the f i lm of 
"Reanal" ,  Hungary; an aqueous solution containing 1.5 mg in 1 ml was prepared .  The methylamide  of N-benzoy l -O-  
pyrophosphoser ine  (I) and the methylamide  of N-benzoy l -O-phosphose r ine  (II) were  synthesized as desc r ibed  
p rev ious ly  [10-11]. The amount of inorganic  phosphate was de te rmined  by a modif icat ion of the F iske-Subbarow 
method [12] and that of p-ni t rophenol  spec t ropho tomet r i ca l ly  by measur ing  the density of its colorat ion in an alkaline 
medium at 400 m# and compar ing  it with the density of a standard solution of p-ni t rophenol .  

The concentrat ions  of the solutions of se ry l  pyrophosphate (I), se ry l  monophosphate (II), and p-ni t rophenyl  
phosphate were  found by mine ra l i z ing  the substances to inorganic phosphate {with HC104 at 140-150 ° C for  3 hr). 

Analysis  of the reac t ion  mix tures .  The analysis was ca r r i ed  out on an Evans E lec t rose len ium Limi ted  (England) 
"LGD" amino acid ana lyzer  af ter  the halting of the reac t ion  by the addition of an equal volume of 10% TCA, 
centr i fuging at 3000 rpm for  10 min, and the br inging of the solution to pH 2.2. The mix tu re  was deposited on a 
column (0.9 x 150 cm) of Amber l i t e  CG-120 (C1) res in;  elution was ca r r i ed  out with 0.2 M c i t ra te  buffer,  pH 3.25. 

The reac t ion  mix tu res  were  analyzed by column chromatography on the anion-exchange res in  Dowex 1 x 2 (200- 
400 mesh,  47 x 1.8 cm). The substances were  eluted with a constantly inc reas ing  gradient  pass ing f r o m  0.1 M f o r m i c  
acid to 0.1 M pyridine fo rma te  (volume of the mixing ves se l  650 ml). Under these conditions, phosphoethanolamine 
i ssued in the f i r s t  100 ml  of eluate. The eluate was evaporated in vacuum to smal l  volume (0.3-0.5  ml) and ana lyzed  
by paper  chromatography in the p ropano l -2  N ammonia  (70 : 30) sys tem,  by e l ec t rophores i s  (1000 V, 2 hr,  pH 5.6) 
and by minera l i za t ion  with HCLO 4 at 140-150 ° C for  3 hr. 

Enzymat ic  hydrolysis .  The p roce s s  was studied using a reac t ion  mix ture  containing 1 #M of the subs t ra te ,  2 #M 
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of MgSO 4, 50 t~M of a c i t ra te  o r  ace ta te  buffer ,  and 150/tg of enzyme in 1 ml; the mix ture  was incubated at 37 ° C fo r  
15 min. The reac t ion  was stopped by the addition of an equal volume of 10% TCA, and the amount of inorganic  

phosphate spli t  off was determined.  

Phospho t rans fe rase  act ivi ty of the acid phosphatase.  The invest igat ion was ca r r i ed  out in a reac t ion  mix tu re  
containing 5 ttM of the se ry l  pyrophosphate I or  p-ni t rophenyl  phosphate, 500 ttM of ethanolamine prev ious ly  brought to 
pH 5.5 by the addition of HC1, and 250 pg of enzyme in 0.5 ml. The mix ture  was incubated at 37 ° C for  30 min and 

was analyzed on the amino acid analyzer .  

A react ion mix tu re  (pH 5.5) containing 5 t~M of se ry l  pyrophosphate (I), 1000 ttM of ethanolamine,  and 135 ttg 
of enzyme in 0.5 ml was kept at 37 ° C fo r  30 min and was analyzed by column chromatography.  

A mix ture  containing 1 #M of p-ni t rophenyl  phosphate, 500 #M of methanol,  propanol,  g lycero l ,  glucose,  or  
bu tane- l ,  4-diol,  50 ttM of aceta te  buffer  with pH 5.5, and 115 ttM of enzyme in 0.5 ml was incubated at 25 ° C for  15rain. 
The react ion was stopped by the addition of 10% TCA. The amounts of p-ni t rophenol  and phosphoric  acid w e r e  
measured  in an aliquot par t  of the resul t ing  solution. In all cases  the fo rmat ion  of equimotar  amounts of the two 
hydrolysis  products  was observed.  

How the concentra t ion of the accep te r  affects the phosphot rans fe rase  act ivi ty of the enzyme was de te rmined  by 
s eve ra l  methods:  A) in a react ion mix ture  containing 5 #M of p-ni t rophenyl  phosphate, 500, 1000, or  2000 ttM of 
glucose,  150 #M of aceta te  buffer  (pH 5.5), and 150 ~tg of enzyme in 0.5 ml; the mix ture  was incubated at 25 ° C fo r  
10 rain arid the amounts of p-ni t rophenol  and phosphoric acid l ibera ted  were  de te rmined  in an aliquot par t  of the 
reac t ion  mixture ,  equ imolar  amounts of the substances  being found; B) a reac t ion  mix tu re  (pH 5.5) containing 5 ttM 
of p-n i t rcphenyl  phosphate, 500, 1000, o r  1500 #M of ethanolamine,  and 150 #g or  600 #g of enzyme in 0.5 ml was 
incubated at 37 ° C for  5 min. The subsequent p rocedure  was as in (A). 

An invest igat ion of the influence of the t ime of incubation on the phosphot rans fe rase  act ivi ty of the enzyme was 
c a r r i e d  out: in a reac t ion  mix ture  (pH 5.5) containing 5 #M of p-ni t rophenyl  phosphate, 500 #M of ethanolamine,  and 
150 pg of enzyme in 0.5 ml; the mix tu re  was incubated at 37 ° C for  5, 20, and 40 rain; b) a reac t ion  mix tu re  
containing 1.0 pM of p-ni t rophenyl  phosphate, 500 #M of propanol,  50 #M of ace ta te  buffer  (pH 5.5 o r  5.2) and 30 ~g 
of enzyme in 0.5 ml was incubated fo r  1 or  2 hr  at 25 ° C, In all cases  the fo rmat ion  of e q u i m o l a r  amounts of p -  
nitrophenol and inorganic phosphate took place.  

The se ry l -con ta in ing  compounds used in the work were  der iva t ives  of D, L - s e r i n e .  

CONCLUSIONS 

The pyrophosphate bond of the methylamide  of N-benzoy l -O-pyrophosphose r ine  is c leaved by the acid 
phosphatase f rom wheat bran. The r a t e  of c leavage  of the pyrophosphate bond is considerably  higher  than that of the 
phosphomonoes ter  bond. The acid phosphatase p repara t ion  f rom wheat bran does not c a t a lyze  the phospho t rans fe rase  
react ion,  which shows a d i f fe rence  in the s t ruc tu res  of the ac t ive  cen te r s  and in the mechan i sms  of the action o f  the 
acid phosphatase of wheat bran and the alkal ine phosphatase of E. coll.  
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