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SOME E F F E C T S  OF H Y D R O X Y L  COMPOUNDS ON 

PROSTATIC ACID P H O S P H A T A S E  

GRACE M. J E F F R E E  

University o/Bristol  Pathology Research Laboratory, I$' Guinea Street, Bristol z (England) 

Three interactions between hydroxyl compounds and prostatic acid phosphatase 
have been found. First is the irreversible inhibition of the enzyme by alcohols, noted 
by HERBERT 1, who used ethanol inhibition to distinguish the prostatic enzyme from 
the normal acid phosphatase of blood sermn, and later recorded by ABuL-FADc AND 
K1NG 2 for other alcohols. 

Secondly, hydroxyl compounds may compete with water as acceptors of the phos- 
phate radical from organic phosphates. The enzyme then acts as a phospho-trans- 
ferase as well as a phosphatase. This effect has been found with many phosphatases 
since AXELROD reported phosphate transfer by a number of acid phosphatases from 
p-nitrophenyl-, phenyl- and phenolphthalein phosphates to a wide range of primary 
and secondary alcohols 3. The same author showed, with labelled phosphate, that the 
contribution of free inorganic phosphate to the transferase effect was negligible, so that 
direct transfer from the substrate must be assumed ~. 

Phosphate transfer has been shown with prostatic acid phosphatase by GREEN 
AND MEYERHOF, using acetyl phosphate, phosphocreatine and p-nitrophenyl phosphate 
as substrates, and glycerol and monosaccharides as acceptorsS; and by BKA*VERMANN 
AND CHARGAFF with phenyl phosphate as substrate and nucleosides as acceptors 6,7. 
Transfer by other phosphatases has been reported by MEYE~HOF aND GREEN s, 
TSUBOI AND HUDSON 9, and MORTON 1°. 

There is general agreement, borne out in the present investigations, that simple 
hydrolysis decreases and phosphate transfer increases with increasing concentrations 
of the aeceptor, though not necessarily to the same degree. Liberation of the organic 
radical may fall or remain steady, and in some instances in the present series it was 
found to rise, so that addition of hydroxyl compounds might give apparent activation 
if enzyme activity were measured by liberation of the organic radical, though phos- 
phate liberation was decreased. 

A third effect of long-chain hydroxyl compounds which was found in these in- 
vestigations is protection of the enzyme from surface denaturation. This seems to be 
analogous to the protection previously noted with amino compounds ix ~z, but much 
higher concentrations of hydroxyl compounds are required to give similar protection. 
It was found that denaturation of the enzyme is greatly assisted by traces of anionic 
detergents remaining in the tubes after washing, even after rinsing in tap and distilled 
water, but that this denaturation is truly a surface phenomenon is demonstrated by 
the maintenance of almost complete activity, even in such tubes, if the incubation 
mixture is covered with a layer of petroleum ether, and the diluted enzyme preparation 
introduced beneath this layer. 

Re/erences p. 16I. 
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MATERIALS AND METHODS 

Specimens of seminal fluid, submit ted for the investigation of fertility, were obtained from the 
pathological laboratory of the Bristol General Hospital, and stored in the refrigerator until  
required. Dilutions, ranging from 1/2,ooo to 1/2o,ooo were made into physiological saline (0.9% 
NaC1 w/v), using polythene vessels and pipettes to minimize surface denaturat ion at this stage. 
Specimens were selected which showed high acid phosphatase  activity in the presence of gelatine 
o.o5 % (w/v), and virtually none in its absence when o.I ml was incubated in I ml substrate  
mixture in open glass tubes which had been washed in Teepol and rinsed with tap and distilled 
water. 

p-Nitrophenyl phosphate  was used as substrate  throughout  the series, in the concentration 
given by BESSEY, LOWRY AND BROCK13--O.2 % (W/V) in the buffered mixture  before the addition 
of the enzyme p r e p a r a t i o n - - b u t  the citrate buffer of ABUL-FADL AND KING 14 at pH 4.9 was 
used instead of alkaline buffer. Substances under investigation were incorporated in this mixture 
in varying concentrations, either with or without gelatine 0.05 % (w/v), and phosphatase activity 
was compared to tha t  obtained in the presence of this concentration of gelatine without  other 
additions. Open glass tubes were used, containing i ml of the substrate  mixture, to which was 
added o.I ml of the enzyme dilution. Incubation was generally for 3 ° min at 37 °, In preliminary 
investigations where p-nitrophenol estimations only were made, activity was stopped by the 
addition of I ml of the glycine-pyrophosphate buffer of HUGGINS AND TALALAY 15, followed bv 
3 ml water. \ ¥hen  liberation of p-nitrophenol and phosphate were to be es t imated on the same 
specimen, activity was stopped by tile addition of i ml 5 o% (w/v) trichloroacetic acid; this 
s t rength being found necessary to precipitate the gelatine in the s tandard tubes. Tubes containing 
gelatine or other precipitate were then centrifuged; 20-30 minutes  being required to remove 
the gelatine satisfactorily. 1.6 ml was pipetted from each tube into 2. 4 inl of distilled water 
and mixed, i ml of this mixture  was taken for the estimation of p-nitrophenol liberation; to 
this was added 3 inl of N/2 NaOH, and the colour density compared with tha t  of a p-nitrophenol 
standard.  The remaining 3 ml was used for the estimation of liberated phosphate  by the method 
of Fiske and Subbarow as given by KOCH AND HANKE ls, using a phosphate  s tandard of like 
molarity to the p-nitrophenol standard.  Tubes were incubated in duplicate, with controls treated 
similarly except for the addition of the enzyme preparation. The mean value of p-nitrophenol 
and phosphate liberation in the presence of gelatine 0.05 % was taken as the s tandard to which 
all other values were compared. In the presence of polyhydric alcohols and some sugars, the 
development of the blue colour of reduced phosphomolybdate  is extremely slow, and it was 
necessary to pu t  up s tandard control tubes, with the addition of the test  substance, to ensure 
tha t  full colour production had occurred before readings were taken. 

Readings were made on a Spekker Absorptiometer, using a inercury-vapour lamp. For 
phosphate  estimations, the yellow mercury lines at 577 ° and 5791 A were isolated by the used 
of Ilford Spectrum Yellow Filter, No. 606 (transmission between 56o0 and 61oo A), and for the 
estimation of p-nitrophenol the mercury violet band at  4360 A was isolated by Ilford Spectrum 
Violet Filter, No, 6Ol (transmission 385 ° 475 ° A) with the supplementary filter No. 8o9, which 
cuts out  light between 375 ° and 415 ° A. 

The average chain-lengths of hydrolysates of soluble starch were calculated from estimations 
of reducing sugar in suitable dilutions by the method of KING AND GARNER 17 as quoted by 
DELORY TM. The known concentration of starch hydrolysate, divided by the est imated concen- 
trat ion of reducing sugar, was taken as the mean chain-length; when this figure was under 2, 
it was multiplied by I.I to take into account the increase of weight on hydrolysis; with longer 
chain-lengths this was treated as negligible. 

RESULTS 

Monohydric alcohols 

Fig .  I s h o w s  t h e  a c t i v i t y  of p r o s t a t i c  a c i d  p h o s p h a t a s e  in  t h e  p r e s e n c e  of d i f f e r en t  

c o n c e n t r a t i o n s  of n - p r o p a n o l ,  a n d  i n d i c a t e s  t h e  r e f e r e n c e  p o i n t s  w h i c h  a re  u s e d  for 

c o m p a r i s o n  i n  t h e  t a b l e s ;  t h e  c o n c e n t r a t i o n  a t  w h i c h  p h o s p h a t e  l i b e r a t i o n  is  h a l v e d ;  

t h a t  a t  w h i c h  p - n i t r o p h e n o l  l i b e r a t i o n  in  m i l l i m o l e s  is  1 1 o %  p h o s p h a t e  l i b e r a t i o n ,  

so  t h a t  p h o s p h a t e  t r a n s f e r  is l O % ;  a n d  t h e  c o n c e n t r a t i o n  a t  w h i c h  p - n i t r o p h e n o l  

l i b e r a t i o n  d r o p s  to  t h e  o r i g ina l  v a l u e ,  o b t a i n e d  in  t h e  p r e s e n c e  of g e l a t i n e  only .  

T a b l e  I g i v e s  c o m p a r a t i v e  f igures  for  d i f f e r e n t  a l coho l s .  B o t h  i n h i b i t i o n  a n d  p h o s -  

Re[erences p. _r6z. 
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phate  t ransfer  increase wi th  the chain- length of p r imary  alcohols, iso-Butanol shows 

inhibi t ion similar  to tha t  of n-butanol ,  but  less transfer,  sec.-Butanol shows inhibi t ion 

between those of n-butanol  and  n-propanol ,  but  a t ransfer  ra t io  near  tha t  of e thanol ;  
wi th  tert.-butanol nei ther  inhibi t ion  nor t rans-  
fer was found. These results agree wi th  those 

of ABUL-FADL AND KING, who found tha t  
inhibi t ion  of prostat ic  phosphatase  by  alco- 

hols increased in going up the  series2; and of 

AXELROD, who showed wi th  other  acid phos- 

phatases  tha t  p r i m a l y  alcohols were more 

effective acceptors  t h a n  secondary,  and tha t  

t e r t i a ry  alcohols would not  act  as phosphate  
acceptors  ~. 

Fig. I. Activity of prostatic acid phosphatase in the 
presence of n-propanol. Incubations with p-nitro- 
phenyl phosphate 0.2 % in citrate buffer at pH 4.9, in 
the presence of gelatine 0.0 5 %. O Liberation of 
p-nitrophenol; • Liberation of phosphate; /~ Libe- 
ration of p-nitrophenol expressed as percentage of 
phosphate liberation. Reference points indicated. 
lO% transfer of phosphate radical (p-nitrophenol 
liberation = i io  % phosphate liberation); 5 ° % inhi- 
bition of phosphate liberation; ioo % p-nitrophenol 

liberation. 
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p-Nit rophenol  l iberat ion is increased at ini t ia l  concentrat ions of alcohols, except  

wi th  isobutanol and tert.-butanol. In  the absence of gelatine, slight protect ion from 

surface denatura t ion  was sometimes found;  this was irregular  in its occurrence, but  the 
effect appeared to increase wi th  chain-length.  

TABLE I 

E F F E C T S  O F  M O N O H Y D R I C  A L C O H O L S  ON P R O S T A T I C  A C I D  P H O S P H A T A S E  A C T I V I T Y  

A lcoho 1 50 % ±o °/'o xoo °4, 
Phosphate inhibition Trans/er p-Nitrophenol Protective activity 

Methanol 4.3 2V/ o. 7 M 3 M ± at 5 M 
Ethanol 2.4 M o. 4 M 0.8 M Slight at 2- 3 M 
n-Propanol 1.252tl o.I6M 0.9 M Slight at 1. 5 21// 
n-Butanol 0. 5 -~V/ 0.02 M 0. 5 M ± 0.2-0. 4 M 
iso-Butanol o.4 2V/ o.o5~V/ o None to 1.2 M 
Secondary butanol 0.8 M 0. 5 M 0. 4 M None to o.75d1// 
Tertiary butanol No inhibition No transfer o None to 0.6 iV/ 

Glycols (Table II) 

These form a s imilar  series to the p r imary  alcohols, but  wi th  sl ightly less inhibi t ion 
and  greater  t ransfer  wi th  the same chain-length.  Increased l iberat ion of p-nitrophen01 
was found at  in i t ia l  concentra t ions  of t r imethy lene  and hexamethy lene  glycols, but  

not  wi th  e thylene glycol. Pro tec t ion  from surface dena tura t ion  was more definite, 
and again increased wi th  chain-length.  

Re/erences p. z6z. 
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TABLE I I  

~FFECTS OF GLYCOLS ON PROSTATIC ACID PHOSPHATASE ACTIVITY 

5o ~!/o Io % zoo % Protective activity 
Glycol Phosphate inhibition Transfer p.Nitrophenol 

Ethylene glycol 3 M 0. 4 M o None to 62]// 
Trimethylene glycol 1.6 M o.i M i . I  M from 0. 4 M 
Hexamethylene  glycol 0. 4 3 /  o.oi M I.O 2~/ from o.2 M 

Polyhydric alcohols (Table nI) 
These are not such effective phosphate acceptors as the glycols, and chain-length has 
little effect on the extent of phosphate transfer, which is constant for glycerol, eryth- 
ritol, mannitol and sorbitol, though greater for dulcitol. Inhibition increases with 
chain-length, and, in the hexahydric alcohols, appears to be increased by the trans- 
configuration of secondary hydroxyl groups. Increased liberation of p-nitrophenol 
was found with glycerol and erythritol, but with none of the hexitols. No protective 
activity was found. 

TABLE III 
E F F E C T S  OF P O L Y H Y D R I C  A L C O H O L S  ON P R O S T A T I C  A C I D  P H O S P H A T A S E  A C T I V I T Y  

Glycerol Erythritol D-Mannitol D-Sorbitol Dulcitol 

CH2OH CHzOH CH~OH CH~OH CH~OH 

HCOH HCOH HOCH HCOH HCOH 

CH2OH HCOH HOCH HOCH HOCH 

CH2OH HCOH HCOH HOCH 

HCOH HCOH HCOH 

CH~OH CH2OH CH~OH 

5 ° % Phospha te  inhibition 3.3 M 1. 5 M 1.4 M 0.9 M o.35 M 
lO% Transfer  0.2 dVl 0.2 M 0.2 M 0.2 M o.i M 
ioo % p-ni trophenol  4.2 M 1.2 ~/  o o o 

Monosaccharides (Table IV) 

Trans-configuration appears to increase both inhibition and transfer to some extent. 
Inhibition is slightly greater with ketoses than with the corresponding aldoses, but 
phosphate transfer is approximately the same. There was no increase in p-nitrophenol 
liberation, and no protective activity was found. 

Oligosaccharides (Table V) 

Phosphate transfer to sucrose and maltose is approximately the same as to fructose and 
glucose respectively, but inhibition is more rapid with the disaccharides, p-Nitro- 
phenol liberation is not increased. Slight variable protection was found with high 
concentrations of sucrose. Investigations were limited by the comparatively low sol- 
ubility of many oligosaccharides. 

Starch and starch hydrolysates (Table VI) 

"Soluble Starch" (Ferris, Ltd.) was used for these investigations, as this should be 
composed mainly of straight-chain molecules, and so be more directly comparable with 

Re/erences p. x6I. 
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TABLE IV 

EFFECTS OF MONOSACCHARIDES ON PROSTATIC ACID PHOSPHATASE ACTIVITY 

Aldo-@ntoses D (-j Arabinose L(TJ Arabinose ~(+j Xylose 

CHO CHO CHO 

I I I 
HOCH HCOH HCOH 

I I I 
HCOH HOCH HOCH 

I I I 
HCOH HOCH HCOH 

I I I 
CH,OH CH,OH CH,OH 

50 % Phosphate inhibition 1.8 M 1.6 M 1.6M 
I o o/o Transfer 0.8 M 0.4 M 0.6 M 

Aldo-hexoses D ( -t j Glucose D (+j Mannose D (4-j Galactosc 

CHO 

I 
HCOH 

I 
HOCH 

I 
HCOH 

I 
HCOH 

I 
CH,OH 

50 % Phosphate inhibition 
IO o/O Transfer 

2.6 M 
0.7 M 

CHO 

I 
HOCH 

I 
HOCH 

HCOH 

I 
HCOH 

4~20~ 

HCOH 

I 
CH,OH 

2.3 M I.9 M 
1.2 M 0.4 M 

CHO 

HCOH 

I 
HOCH 

I 
HOCH 

D (-_I Fructose L (-) Sorbose 

50 % Phosphate inhibition 
IO O/( Transfer 

CH,OH CH,OH 

I I co co 
I I 

HOCH HOCH 

I I 
HCOH HCOH 

I I 
HCOH HOCH 

I I 
CH,OH CH,OH 

2.0 M 1.6M 
I.0 M 0.4 M 

the oligosaccharides. With short-chain hydrolysates, transfer is similar and inhibition 
somewhat greater than with the same absolute concentration of glucose; but both 
show an increase with increasing chain-length at like molar concentrations. There is 
no increase in $-nitrophenol liberation. Investigations with starch and long-chain 
hydrolysates were limited by the high viscosity of concentrated solutions. 

References p. x6r. 
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TABLE V 

E F F E C T S  O F  O L I G O S A C C H A R I D E S  O N  P R O S T A T I C  A C I D  P H O S P H A T A S E  A C T I V I T Y  

S u c r o s e  

a D-glucopyrano-i :2 15 D-fructofuranoside 

Maltose 
a D-glucopyrano-I :4 a D-glucopyranoside 

Lactose 
a D-glucopyrano-1:4 fl D-galactopyranoside 

Raffinose 
a D-galactopyrano-I :6 a D-glucopyrano- 

I : 4/5 D-fructofuranoside 

,~o go ~o % 
Phosphate inhibition Transter Protective activity 

1. 5 M 1.I I~I :i= 0.5 - 1.5 M 

1. 4 M 0. 5 M None to 1.531 

(5 o//o inhibition (No transfer None to o. 5 M 
at 0.5 M) to 0. 5 M) 

(No inhibition (No transfer None to o.i M 
too. I M) too. I M) 

TABLE VI 

EFFECTS OF STARCH HYDROLYSATI~S ON PROSTATIC ACID PHOSPHATASE ACTIVITY 

50% Protection io% Transler zo% Inhibition 
Glucose units MoI. wt. 

% Molarity % Molarity ° o Molarity 

"Soluble starch" 223 36,000 1.2 0.0003 
Hydrolysate 30 4,860 0.9 0.002 
Hydrolysate 3.5 585 0. 4 0.0o 7 12 0.2 7 o.i2 
Hydrolysate i .3 222 i .o 0.045 9 0.4 5.5 0.25 
Glucose i .o 18o No protection 12.6 0. 7 13. 5 0.75 

Though glucose gives no protect ion from surface dena tura t ion ,  this is found 
throughout  the series of starch hydrolysates;  and  though the absolute effect is greatest 
with comparat ively short-chain hydrolysates,  the molar effect increases with chain- 

length  throughout  the series. 

DISCUSSION 

Wi th  starch hydrolysates  and  the glycols, the power to protect  prostatic acid phos- 
phatase from surface dena tu ra t ion  appears to depend on the chain-length.  In  the pres- 
ence of secondary alcoholic groups, a much longer chain is required for a like effect 
t h a n  with the glycols. This protect ion appears similar to tha t  previously obta ined with 
amino-compounds11,12, bu t  the concentra t ions  required are enormously greater;  o.4 M 
t r imethylene  glycol or o.2 M hexamethylene  glycol give protection approximately 
equivalent  to tha t  given by  i i . o  m M  tr imethylene  diamine or 0.2 m M  hexamethyl-  
ene diamine. 

The abi l i ty  to act as phosphate acceptors with prostatic phosphatase appears to 
depend on the spacing between hydroxyl  groups, ra ther  t han  upon molecular size; 
it increases rapidly with the chain- length of glycols, bu t  with polyhydric alcohols 
depends more on the c i s -  or t r a n s - c o n f i g u r a t i o n  of the secondary hydroxyl  groups. 
I t s  increase with the chain- length of monohydric  alcohols may  possibly depend on 
association of the alcohol molecules. 

Re[ere , ce s  p.  I 6 I .  
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T h e  p o w e r  to  i n h i b i t  p r o s t a t i c  p h o s p h a t a s e  i n c r e a s e s  w i t h  t h e  m o l e c u l a r  w e i g h t  

of c o m p a r a b l e  series,  b u t  a p p e a r s  to  d e c r e a s e  w i t h  a n  i n c r e a s e  in  t h e  n u m b e r  of 

h y d r o x y l  g roups .  I t  is g r e a t e r  w i t h  m o n o h y d r i c  a l coho l s  t h a n  w i t h  glycols ,  a n d  less 

a g a i n  w i t h  p o l y h y d r i c  a lcohols .  

I n c r e a s e d  l i b e r a t i o n  of p - n i t r o p h e n o l  occu r s  w h e n  p h o s p h a t e  t r a n s f e r  is g r e a t e r  

t h a n  t h e  i n h i b i t i o n  of p h o s p h a t a s e  a c t i v i t y ,  a n d  in  g e n e r a l  is f o u n d  w i t h  s t r a i g h t -  

c h a i n  c o m p o u n d s  w i t h  w i d e l y - s p a c e d  h y d r o x y l  g roups .  I t  was  n o t  s een  w i t h  hex i to l s ,  

s u g a r s  or  s t a r c h  h y d r o l y s a t e s .  
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SUMMARY 

I. Three effects of hydroxyl compounds on prostatic acid phosphatase activity have been 
investigated. 

2. Protection from surface denaturat ion was found with glycols and starch hydrolysates, 
and increased with chain-length in each series. 

3. Prostatic phosphatase was found to transfer phosphate from p-nitrophenyl phosphate 
to pr imary and secondary alcohols, glycols, polyhydric alcohols, sugars and starch hydrolysates. 
The effect increased with the spacing between hydroxyl groups in the molecule. 

4. Inhibit ion of prostatic acid phosphatase activity was shown by the same series of com- 
pounds, but  was found to increase with molecular weight and to decrease with an increase in 
the number  of hydroxyl groups in the molecule. 

5. When phosphate transfer exceeded inhibition, an increased liberation of p-nitrophenol 
was found. 

R E F E R E N C E S  

1 F. K. HERBERT, Quart. J.  Med., 15 (39) (1946) 221. 
2 M. A .  M. ABuL-FADL AND E. J. KING, Biochem. J., 45 (1949) 51- 
3 t3. AXELROD, J. Biol. Chem., 172 (1948) i. 
4 B. AXELROD, J. Biol. Chem., 176 (1948) 295. 
5 H. GREEN AND O. MEYERHOF, J. Biol. Chem., 197 (1952) 347. 
6 G. BRAVERMANN AND E. CHARGAFF, J .  Am. Chem. Soc., 75 (1953) 2o2o. 
7 G. BRAVERMANN AND E. CHARGAFF, J. Am. Chem. Soc., 75 (1953) 4113 • 
s O. MEYERI~OI~ AND H. GREEN, J. Biol. Chem., 183 (195 o) 377. 
9 K. K. TSUBOI AND P. B. HUDSON, Arch. Biochem. Biophys., 43 (1953) 339. 

10 R. K. MORTON, Nature, 172 (1953) 65. 
11 G. M. JEFFREE, Nature, 175 (1955) 509. 
12 G. M. JEFFREE, Biochim. Biophys. Acta, 20 (1956) 5o 3. 
is O. A. BESSEY, O. H. LOWRY AND M. J. BROCK, J. Biol. Chem., 164 (1946) 321. 
1, M. A. M. ABUL-FADL AND E. J. KING, J. Clln. Pathol., i (1948) 80. 
15 C. HUGGINS AND P. TALALA¥, .]. Biol. Chem., 159 (1945) 399. 
16 F. C. KOCH AND M. E. HANKE, Practical Methods in Biochemistry, Williams & Wilkins Co., 

Baltimore, 1953, p. 227. 
IT E. J. KING AND R. J. GARNER, ,]. Clin. Pathol., I (1947) 3 o. 
1$ G. E. DELORY, Photoelectric Methods in Clinical Biochemistry, Hilger & Watts ,  London, 1949, 

p. 7 o. 

R e c e i v e d  M a y  9 th ,  1956 


