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Summary. The effect of Triton X-100 on the activities of acid phosphatases from wheat 
germ, potato and human prostate was tested using fl-glycerophosphate, p-nitro-phenyl 
phosphate and naphthol AS BI phosphate as substrates. There was little effect on fl-glycero- 
phosphatase activity at the concentrations of Triton X-100 tested. However at low concen- 
trations of the detergent there was a stimulation of the activities of p-nitrophenyl phosphatase 
and naphthol phosphatase which were inhibited with the higher concentrations. Triton X-100 

was found to enhance colour production between naphthol AS BI and fast red violet LB. 
Further evidence is presented confirming the presence of more than one acid phosphatase 

from each of the sources employed. 

In t roduct ion  

Tr i ton  X-100 has  been used ex tens ive ly  b y  b iochemis ts  to  d i s rup t  lysosomal  
membranes  and  release the  bound  acid  hydrolases  conta ined  wi th in  the  lysosomes 
(for example  DE DUVE, 1959). The use of the  de te rgen t  has  been ex tended  to 
h is tochemical  assays,  though  with  inconclusive resul ts  (HOLT, 1959; BITENSKu 
1962; G ~ A N ,  1965). I n  all  of these  exper iments  acid  phospha tase  a c t i v i t y  was 
assayed  wi th  f l -g lyccrophosphate  as subs t ra te .  Recent ly ,  naph tho l  A S  mono- 
phospha te  esters have  been adop t ed  as subs t ra tes  for the  h is tochemical  demon-  
s t ra t ion  of acid  phosphatase .  P re l imina ry  repor t s  have  ind ica t ed  t h a t  Tr i ton  X-100 
acts  as an  ac t iva t ing  agent  when using these subs t ra tes  for b iochemical  assays 
(ALL]~ et al., 1964; MAGGI, 1965). I t  was of impor tance  to  know therefore,  if 
dur ing  the  demons t r a t ions  of the  lysosomal  local izat ion of ac id  phospha tases ,  
the  Tr i ton  X-100 was (a) ac tua l ly  causing a change in the  lysosomal  membranes ,  
or  (b) ac t iva t ing  the  enzyme molecules,  or (c) affecting the  chemical  reac t ion  
involv ing  the  naph tho l  A S  salts.  The  present  communica t ion  concerns the  find- 
ings of such an inves t iga t ion .  

Materials, Methods and Results 
Acid Phosphatase Preparation 

Samples of wheat germ and potato acid phosphatases (Sigma Ltd.) were used without 
further purification. Human prostates obtained at prostatectomy were used as a source 
of acid phosphatases which were prepared according to the method of SC~rDT (1955). 

The purity of the samples was tested by electrophoretie separation on polyacrilamide 
gel columns at pH 8.6 for 30 minutes, at 20~ and 5 re.amp/column. The columns were 
washed for 60 minutes in frequent changes of 0.05 M acetate buffer pH 5.2 at 4 ~ C. 

Protein sites were visualised with 0.1% nigrosin in 1% acetic acid. 
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Enzyme activity was localized by incubating the polyacrilamide gel columns for either 
3 or 18 hours at 37 ~ C in the medium of either GOMORI as modified by HOT.T (1959) or of 
BU~STON~ (1958). 

Whea t  germ acid phosphatase when separated on polyacri lamide gel revealed 
two bands  of naphthol  AS BI  phosphatase and  five bands  of fl-glycerophosphatase. 
When  separat ing pota to  acid phosphatase on polyacri lamide gel, there were 
two bands  of naphthol  AS BI  phosphatase and  four bands  of fl-glycerophosphatase. 
Prosta te  acid phosphatase yielded five bands  of fl-glycerophosphatase and  three 
bands  of naphthol  AS BI  phosphatase.  

Biochemical Assay  o / A c i d  Phosphatase Activities 
(i) fl-Glycerophosphate. The reaction medium contained0.04 M sodium fl-glycerophosphate 

([B. D. H.] Analar grade) and 0.5 mg of wheat germ and potato phosphatases, and a standard 
aliquot of prostate phosphatase in a total volume of 2.5 ml of 0.2 M acetate buffer pH 5.0. 
Incubations were performed in triplicate for 15--20 minutes at 37 ~ C. Aliquots were tested 
colorimetrically for inorganic phosphate using ferrous sulphate as the reducing agent (Dr. J. 
PALMER, personal communication). Boiled enzyme preparations served as controls. To test 
the effect of the detergent, Triton X-100 was dissolved in 0.2 M acetate buffer (v/v) replacing 
acetate buffer in the above reaction mixture so that the final concentrations of Triton X-100 
were 0.1, 0.5 and 1%. 

Tr i ton  X-100 had no effect on the release of phosphate from/~-glycerophos- 
phate  by  both pota to  or wheat  germ phosphatase,  a l though a 10% increase 
resulted from its addi t ion  to the prostate  phosphatase react ion medium (Table 1). 

Table 1. E//ect o/concentrations o/ Triton X-IO0 on acid phosphatase activities using fl-glycero- 
phosphate, p-nitro.phenyl phosphate and naphthol AS  B[ phosphate as substrates. Regults 
are given as optical density readings at 640 m9 /or fl-glycerophosphate, 550 mt~ /or naphthol 

AS  B[ phosphate and 405 ml~ /or p-nitrophenyl phosphate 

Acid Substrate Boiled Boiled Concentration of 
phosphatase enzyme enzyme ~- Triton X-100 

1% Triton 
none 0.1% 0.5% 1.0% 

Wheat 
germ 

Potato 

Prostate 

fl-glycerophosphate 0.028 0.028 0.124 0.123 0.122 0.122 
p-nitro-phenyl phosphate 0.085 0.086 0.425 0.500 0.511 0.440 
naphtholASBI phosphate 0.017 0.019 0.078 0.369 0.284 0.122 

fl-glycerophosphate 0.034 0.034 0.112 0.126 0.110 0.115 
p-nitro-phenylphosphate 0.108 0.108 0.479 0.535 0.500 0.475 
naphtholASBI phosphate 0.004 0.004 0.031 0.197 0.099 0.036 

fl-glycerophosphate 0.035 0.033 0.288 0.288 0.307 0.319 
p-nitro-phenylphosphate 0.198 0.198 0.569 0.656 0.702 0.702 
naphtholASBI phosphate 0.006 0.004 0.019 0.189 0.129 0.085 

(ii) p.Nitrophenyl Phosphate. The reaction mixture contained 5.5 • 10 -a M p-nitrophenyl 
phosphate and 0.1 mg of wheat germ and potato phosphatases, and a standard aliquot of 
prostate phosphatase in a final concentration of 2 ml of 0.1 M acetate buffer pH 5.0. Boiled 
enzyme preparations served as controls. Triton X-100 was tested on enzyme activity at 
final concentrations of 0.1, 0.5, and 1.0%. Triplicate samples were incubated for l0 minutes 
at 37 ~ C, the reaction being stopped by the addition of 4 ml 0.1 N. NaOH, and the optical 
density of the resultant solutions was determined spectrophotometrically at 405 m~. 
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Tr i ton  X-100 caused an  increase of 12 - -17% in the  a c t i v i t y  of the  acid  
phospha tase  p repa ra t ions  (Table 1). 

(iii) Naphthol A S  B I  Phosphate as Substrate. The reaction mixture contained 0.08 mg 
or 0.4 mg of naphthol AS BI phosphate (Sigma Ltd.) dissolved in 0.5 ml dimethyl formamide, 
and 0.1 mg or 0.05 nag wheat germ and potato phosphatases, and a standard aliquot of 
prostate phosphatase preparation in a final volume of 2.0 ml of 0.2 M acetate buffer pH 5.0. 
Incubations were performed for 10 minutes, the reaction being stopped by the addition 
of 0.2 ml 1.0 M Tris. Free Naphthol AS BI was assayed by adding 0.1 ml of freshly prepared 

0.1% aqueous solution of Fast  Red Violet LB 
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Fig. 1. F moles of Pi or naphthol AS BI 
released from 15 ~ moles naphthol AS BI 
phosphate by 0.5 mg wheat germ phospha- 
tase in 0.05 M acetate buffer pH 5.0, in 
the presence and absence of various 
concentrations of Triton X-100. B Boiled 
enzyme +1.0% Triton X-100; C no 

Triton X-100 

and a colour allowed to develop for 15 minutes. 
0.2 ml of 85% trichloroacetie acid was added, 
the sample was allowed to stand for 15 minutes 
prior to eolour extraction with 3 ml of 40% 
n-heptanol in tetraehloroethane (v/v). End- 
product was estimated spectrophotometrically 
at 550 m~ (MAGG: and Cn-sG, 1966). 

For the determination of free phosphate, 
0.4 mg of substrate and 0.5 mg of wheat germ 
phosphatase was employed in the reaction 
mixture, the free phosphate being assayed by 
the method of CHV.~ et al. (1956), using ascorbic 
acid as the reducing reagent. 

The  effect of Tr i ton  X-100 was assayed  
e i ther  (i) b y  s imul taneous  incuba t ion  
of var ious  concent ra t ions  of the  deter-  
gent  in the  reac t ion  medium,  or (if) by  
p re - incuba t ing  the  enzyme p repa ra t ions  
for 10 minu tes  a t  37 ~ C in the  presence 
of var ious  concent ra t ions  of Tr i ton  
X-100, or (iii) b y  incuba t ing  some enzyme 
samples  in the  presence or  absence of 
the  var ious  concent ra t ions  of de te rgen t  

followed b y  the  add i t i on  of var ious  concent ra t ions  of de te rgen t  a t  the  end of the  
incuba t ion  (Tables 1 and  2). There  was a large increase in the  a m o u n t  of naph tho l  
AS B I  e s t ima ted  when the  enzyme was incuba ted  s imul taneous ly  wi th  0.1% 
and  0.5% Tr i ton  X-100 (Fig. 1), b u t  the  a m o u n t  of l ibe ra ted  phospha te  was no t  
increased so much in the  presence of the  de te rgen t  (Fig. 1). 

Table 2. E]fect o/pre-incubating wheat germ acid pho@hatase in the presence o/di/ferent concen- 
trations of Triton X-IO0 using naphthol A S  B I  phosphate as substrate. Readings are given as 

optical density units at 550 m# 

Boiled enzyme Control 
-kl % Triton 

Concentrations of Triton X-100 
during pre-incubation 

0.1% 0.5% 1.0% 

0.013 0.154 0.179 0.222 0.169 

The add i t i on  of Tr i ton  X-100 a t  the  end of the  incubat ion ,  whe ther  per formed 
in the  presence or absence of the  de tergent ,  cons is ten t ly  increased the  in t ens i ty  
of colour deve lopmen t  in the  assay  for naph tho l  A S  B I  (Fig. 2). 
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The pre-incubation of the enzyme in the presence of Triton X-100 yielded 
similar results to those concerning simultaneous incubation. 

E]]ect o] Triton X-IO0 on Coupling o] Naphthol AS  BI  and Fast Red Violet L B  
Concentrations of Triton X-100 ranging from 0.1--5% (w/v) were added to 0.005% 

naphthol AS BI in 0.2 M acetate buffer pH 5.0. Colour development with Fast Red Violet LB, 
colour extraction and estimation were performed as described above. 

All concentrations of Triton X-100 tested caused an increase in the intensity 
of colour production between naphthol AS BI  and Fast  Red Violet LB (Fig. 2). 
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Fig. 2. Effect of various concentrations of Triton X-100 on the colour intensity of naphthol 
AS BI - -  Fas t  Red Violet LB complex. The reaction mixture contained 82 mF moles of 

naphthol AS BI and excess of Fast  Red Violet LB 

Discussion 

Triton X-100 had little or no apparent  effect upon the act ivi ty of acid phos- 
phatases from different sources when fl-glycerophosphate was used as a substrate. 
However, when p-nitrophenyl phosphate was used as substrate, low concentrations 
of Triton X-100 activated the reaction whilst higher concentrations (0.5---1%) 
appeared to be inhibitory. The observed activation (Table 1) is in agreement 
with the findings of TSUBOI et al. (1955) who at tr ibuted this effect to a protective 
action of the detergent on the enzyme during the incubation. 

The results obtained when using naphthol AS B I  phosphate as substrate are 
more complex and may  be considered in three parts. The first involves the en- 
hancement of colour production between naphthol AS BI  and Fast  Red Violet LB 
in the presence of Triton X-100 which was similar at all concentrations of detergent 
between 0.02 and 5%. This may  have been due to the Triton X-100 increasing 
the solubility of the naphthol AS BI  in the aqueous medium so facilitating a 
more rapid rate of coupling between the base and diazonium compound, or this 
may  have been due to an effect on the naphthol AS BI  - -  Fast  Red Violet LB 
complex so increasing the observed colour. 

Although there was no difference in the effects of the detergent on the complex- 
ing of naphthol AS B I  and Fast  Red Violet LB when concentrations were increased 
from 0.02 to 5%, maximum colonr development occurred at  a concentration of 
0.1% when the substrate was incubated together with the detergent and enzyme; 
the colour development then decreased with increasing concentrations of detergent 
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(Fig. 1). These data suggest tha t  there is a stimulation of enzyme activity com- 
parable to tha t  obtained with p-nitrophenyl phosphate as substrate, and confirmed 
by  the measurable release of phosphate (Fig. 1). At higher concentrations there 
was an inhibition of enzyme activity, again, comparable to tha t  observed when 
using p-nitrophenyl phosphate as substrate. No such effects were observed when 
using fl-glycerophosphate as substrate. 

Naphthol AS compounds are being used more extensively in cytochemistry 
(LoJDA et al., 1964; FISHMAN et al., 1964; MAGGI, 1965; MAGGI and CHUG, 1966) 
and an activating effect of the detergent on the naphthol AS B I  phosphatases 
has already been reported (ALLEN et al., 1965; MAGGI, 1965). Triton X-100 has 
also been used in biochemical studies (DE DUVE, 1959) to " ac t i va t e "  lysosomes 
by altering the structure of the membranes of these particles and causing a 
release of the enzyme. The use of Triton X-100 in histochemieal studies can 
result in an apparent  activation of phosphatase activity at  particulate sites in 
tissue sections. The activation observed in both biochemical and histochemical 
studies may  be due to an effect of the detergent on the lysosomal membranes 
so making the enzyme more available to the substrates, but  in the case of the 
substrates p-nitrophenyl phosphate and naphthol AS BI  phosphate, there would 
also appear to be a direct activation effect upon the enzyme molecule itself. 
Moreover, the Triton X-100 appears to directly affect the complexing of the 
naphthol AS BI  and the Fast  Red Violet LB diazoninm salt. I t  would seem tha t  
care must  be exercised in the use of this detergent in studies of lysosomal enzymes. 

The different responses of the phosphatases from various sources to the three 
substrates employed in the presence and absence of Triton X-100 was suggestive 
of the presence of more than one phosphatase in each of the enzyme preparations, 
a fact supported by the results of the polyacrilamide gel electrophorcsis studies 
showing a number of protein bands responding to fl-glycerophosphate and naph- 
thol AS BI  phosphates. That  more than one phosphatase activity is present in 
a tissue has been shown by  N~IL and HORN~R (1962) in guinea pig liver; MAGGI 
et al. (1966) and LUNDIN and ALLISO~ (1966) in a variety of animal tissues; 
and GAHAN and McL~A~ (1967) in root tips of Vicia/aba. In  the present study, 
it was observed tha t  only one band from each preparation was active with both 
substrates and it is possible therefore, tha t  the Triton X-100 was affecting one 
naphthol AS BI  phosphatase but  not the several fl-glycerophosphatases. 
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