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Hydrolytic Activity of Muscle Acyl Phosphatase  
on 3-Phosphoglyceryl  Phosphate 1 

Muscle acyl  phospha tase  (E.C. 3.6.1.7) ca ta lyzes  t he  
hydrolysis  of m a n y  acyl  phospha tes  ~,s: t h e a c t i o n  of this  
enzyme on physiological  acyl  phospha tes  as c a r b a m y l  
phospha te  4 and 3-phosphoglyceryl  phospha te  ~,0 is of great  
interest .  B o t h  HAI~ARy 5 and KRIMSKY e had,  in fact ,  
a l ready carr ied ou t  research on the  hydrolys is  of 3-phos- 
phoglyceryl  phospha te  by  acyl  phospha tase  p repared  
from muscle.  HARARY'S measu remen t s  were calcula ted 
indirectly,  by  de te rmin ing  the  ra te  of Pi  fo rmat ion  by  
addi t ion  of acyl  phospha tase  pur i f ied 600 t imes.  KRI~SKY s, 
t h rough  a d i rec t  method ,  had  shown the  ca ta ly t i c  a c t i v i t y  
of acyl phospha tase  on the  hydrolys is  of 3-phosphogly-  
ceryl phospha te ;  the  enzyme  used, p repared  according to 
the m e t h o d  of KOSHLAND ~, had  a pur i f ica t ion  fac tor  of 37. 

I n  th is  paper  a d i rec t  de t e rmina t ion  of 3-phosphogly-  
ceryl  phospha te  hydrolys is  by  a h ighly  purif ied prepara-  
t ion of muscle acyl  phospha tase  is repor ted.  

Materials and methods. Acyl  phospha tase  was prepared  
f rom horse muscle according to the  m e t h o d  of GUERRITORE 
et  alP. The  f inal  p repa ra t ion  ob ta ined  had  a specific 
ac t iv i ty  of 380, expressed as / ,moles of spl i t  ace ty l  
p h o s p h a t e / m i n / m g  of pro te in  a t  25 °C and p H  5.3, w i th  a 
2300-fold purif icat ion.  

Glycera ldehydephospha te  dehydrogenase  (E.C. 1.2.1.9), 
alcohol dehydrogenase  (E.C. 1.1.I.1), N A D  and  NADH~ 
were purchased  f rom C. F. Boehr inger  & S6hne G.m.b .H. ,  
Mannhe im (Germany).  3 -Phosphoglycera ldehyde  was pur-  
chased f rom SIGMA Chem. Co. All o ther  reagents  were 
obta ined f rom E. Merk  AG. 

3-Phosphoglyceryl  phospha te  was prepared  according 
to t he  m e t h o d  of NEGELEIN and  BROMEL D, s l ight ly  
modif ied in order  to avoid  possible impur i t ies  of sulphate,  
t ha t  is an inhibi tor  of muscle acyl phospha tase  s,~°. 
To 500 #moles  of 3-phosphoglycera ldehyde  were added  
1 m-mole  of phosphate ,  24 /~moles of N A D ,  0.6 nag of 
g lycera ldehydephospha te  dehydrogenase ,  3 mg  of alcohol  
dehydrogenase  and 0.5 m-moles  of ace ta ldehyde  in frac- 
t ions of 0.05 m-moles.  This  mix ture ,  kep t  to p H  7.6, was 
incuba ted  for 25 min  a t  18 °C and  t h e n  acidif ied a t  p H  2.6 
wi th  perchloric  acid. The  p roduc t  was p rec ip i t a ted  by  
500 ml  of cold acetone,  acidified wi th  t he  same q u a n t i t y  
of per  chloric acid used to acidify the  mix ture .  The  pre- 
c ip i ta te  was again washed wi th  cold acidified ace tone  
and dissolved in 3-4 ml  of water .  This  solut ion was centr i -  
fugated  to r e m o v e  the  enzymes.  The  s u p e r n a t a n t  was then  
b rough t  to p H  7 by  5 M  K~COs and kep t  a t  -- 20°C. The  
enzymes  were prev ious ly  dia lyzed against  0.1 M t r ie thanol -  
amine hyd roch lo r ide -NaOH buffer  p H  7.6, conta in ing  
E D T A  0.01 M.  

3-Phosphoglyceryl  phospha te  was measured  a t  340 n m  
by NADH~ ox ida t ion  in the  presence of g lycera ldehyde-  
phospha te  dehydrogenase  n. Phospha t e  de t e rmina t ion  

Relative rate of enzymatic hydrolysis and K m for acetyl phosphate 
and 3-phosphoglyceryl phosphate as substrates of acyl phosphatase • 

Substrate Relative rate K m 
of enzymatic (mM) 
hydrolysis 

Acetyl phosphate 1 7.7 b 
3- Phosphoglyceryl phosphate 1.2 1.6 

a 2'he rate with acetyl phosphate is taken as unity, b Datum from 4. 

was carr ied ou t  according to FISKE and SUBBAROW ~* on 
3-phosphoglyceryl  phosphate .  By  this procedure  the  l -  
labile phospha t e  in 3-phosphoglyceryl  phospha te  was 
spl i t  off and  d i rec t ly  de te rmined  w i t h o u t  prev ious  hy-  
drolysis ;  in our  p repara t ion  a m a x i m a l  P i  i m p u r i t y  of 
abou t  20% could be es t imated  by  this  way.  N A D  and 
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Fig. I. The effect of 3-phosphoglyceryl phosphate concentration on 
acyl phosphatase activity. The data are plotted according to LInE- 
WEAVER and BuI1R 16. The incubation mixture at 25°C contained 
acetate buffer, pH 5.3, 80/*moles; 3-phosphoglyeeryl phosphate at 
the concentration indicated; acyl phosphatase (diluted before addi- 
tion), 10/zl; in a total volume of 1 ml. V,/~moles of substrate, hydro- 

lyzed/min. S, substrate concentration (raM). 
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Fig. 2. Effect of pH on the 3-phosphoglyccryl phosphate splitting by 
acyl phosphatase. The incubation mixture at 25°C contained fl-fl'- 
dimethyl-glutarie acid-NaOH buffer, at the pH values indicated, 
80/2moles; 3-phosphoglyeeryl phosphate, 2/*moles; acylphosphatase 

diluted before addition), 10~ul; in a total volume of 1 ml. 
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3-phosphoglycerate were also present as impurities, but  
their  amounts, determined through optical methods is, 
were so low tha t  they did not  interfere in our experiments. 

The hydrolytic act ivi ty  of acyl phosphatase on 3-phos- 
phoglyceryl phosphate was measured by the above men- 
tioned optical test, which estimates the residual substrate 
after suitable periods of time. The enzymatic reaction 
was stopped by adding ammonium sulphate in final con- 
centration 0.4M: this concentration completely inhibits 
muscle acyl phosphatase 6,~0 In  our conditions, the estima- 
tion of enzymatic hydrolysis, by using the method of 
LOWRY and LoPEz 14 for the inorganic phosphate, is not  
suitable due to the catalytic effect of molybdate  on the 
hydrolysis of the 1-radical of 3-phosphoglyceryl phos- 
phate 16 

Results. The Table reports the acyl phosphatase 
ac t iv i ty  on both acetyl phosphate and 3-phosphoglyceryI 
phosphate, expressed as relative rate of enzymatic 
hydrolysis. 

Figure 1 shows a LINEW~AVER--BURK x~ plot, from 
which the Michaelis constant for 3-phosphoglyceryl phos- 
phate at pH 5.3 was evaluated:  this value is also reported 
in the Table. 

I t  can be seen (Table) that  3-phosphoglyceryl phosphate 
is easily hydrolyzed by the enzyme, furthermore the hy- 
drolysis rate is higher and the Michaelis constant is lower 
than with acetyt phosphate. 

The effect of pH on the enzymatic hydrolysis of 3- 
phosphoglyceryl phosphate is reported in Figure 2. The 
opt imum pH for acyl phosphatase act ivi ty on this sub- 
strate results in about  5.3, as previously obtained with 
other acyI phosphates~,~,~L 

These results add some quant i ta t ive  information about  
the acyl phosphatase action on 3-phosphoglyceryl phos- 
phate;  this hydrolytic act ivi ty  can explain the increase 
both of alcohoIic fermentation ~ and tha t  of glycolysis xs,xp, 
under particular conditions ~0 

Riassunto. Viene studiata l ' a t t iv i t£  idrolitica dell'acil- 
fosfatasi purificata da muscolo sull'acido 1, 3-difosfogli- 
cerico. L 'o t t imo di pH ~ uguale a quello ot tenuto per altri 
acilfosfati. I1 valore della costante di Michaelis ~ dello 
stesso ordine di grandezza di quello t rovato per l'acetilfos- 
faro. 
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Abnormal i t i e s  of the Eye P i g m e n t s  (Pteridins  and 
O m m o c h r o m e s )  Induced in Drosophila melano- 

gaster by the Inhibitor of Xanthine  Dehydro-  
genase  4 - H y d r o x y p y r a z o l o  (3,4 d ) P y r i m i d i n e  

When wild-type strains of Drosophila melanogaster are 
grown on media containing the inhibitor 4-hydroxypyra- 
zolo (3, 4 d) pyrimidine (HPP), phenocopies are obtained 
which mimic the rna-1 and ry mutants.  In  fact, loss of 
isoxanthopterin and uric acid with accumulation of the 
corresponding precursors 2-amino-4-hydroxypteridine and 
hypoxanthine,  as well as diminution of the red pteridins 
of the eye, have been observed x,~. These phenomena do 
not exclude the possibility tha t  the inhibitor might  affect 
other mutants,  with different patterns of eye pigments 
metabolism. 

Strains of the cl and se mutants  were raised, according 
to KELLER and GLASSMAN 1, on different concentrations 
of HPPZ: 0.0; 0.01; 0.02; 0.03; 0.04; 0.06; 0.08 and 0.1 
g~/o- Eye  colonrs were recorded daily when the adults 
emerged. Flies, 3-5 days old, were placed in boiling water 
for 1 min, the heads dissected and homogenized in AEA 
(30~/o ethanol and HC1 q.s. to pH 24), 0.01 ml for each 
head. Aliquots of 0.01 ml of the homogenates were laid 
down on Whatman  No. 1 filter paper; the chromatograms, 
developed by ascending chromatography in n-propanol 
and 2% ammonium acetate in water (1 : 1) and also in 3% 
NH4C1 in water b, were dried and observed in the visible 
light and under an UV-lamp emitting mainly at 365 nm. 

The remaining portions of the homogenates were centri- 
fuged (20,000 g/30 rain) ; the limpid supernatants, quanti- 
ta t ively collected, were diluted 1:10 and the absorption 
was measured with a Beckman DU spectrophotometer. 
The bodies also were treated in the same manner. 

In  the d mutant ,  grown on HPP,  the eye colour re- 
mains dark maroon. Loss of isoxanthopterin and accumu- 
lation of 2-amirio-4-hydroxypteridin, mainly in the bodies 
of the male flies, occur at about the same concentrations 
of H P P  as in wild-type strains. Part ial  toss of the droso- 
pterins is more prominent for neodrosopterin than  for iso- 
and drosopterin; correspondingly accumulation of bio- 
pterin, but  not of sepiapterins, could be observed. 

In se strains, grown on H P P  (more evidently at the 
higher concentrations) the eyes are more pale, having a 
brown-beige colour, and usually smaller as compared 
with control flies. Loss of isoxanthopterin is in se, as in 
wild-strains, almost complete at the concentrations of 
H P P  higher than 0.04%; accumulation of 2-amino-4- 
hydroxypteridine seems to be present in somewhat 
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