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The 'Activation' of Phosphatase

BY G. E. DELORY, The Royal Infirmary, Preaton, Lanca8hire,
AND E. J. KING, Britieh Po.tgraduate Medical School, London

(Received 13 December 1943)

Following the demonstration that ligature of the
common bile-duct led to an enormous increase in
the amount of phosphatase in the blood (Armstrong,
King & Harris, 1934), we investigated the possi-
bility that the enhanced plasma phosphatase values
found in jaundice and certain bone diseases might
be due to the presence of a powerful activator
rather than to an actual accumulation of phos-
phatase in the blood stream. Since none of our

experiments gave evidence of the first possibility
the results were not published, but in view of a
renewal of interest in the subject and of several
claims to have demonstrated an activator (Thann-
hauser, Reichel, Gratton & Maddock, 1938; Cani-
tarow, 1940), it seemed advisable to complete our
observations and report the conclusions.
Our first experiments, following the observation

bv Armstrong et at. (1934) of large amounts of



V'ACTIVATION' OF PHOSPHATASE
phosphatase in the bile and faeces of dogs, sought
for an activator in 'bile and faecal phosphatase
preparations. Others were a repetition of part of
the work of Th anhauser et al. (1938). A final set
of tests was devised to exclude as rigidly as possible
all variables such as pH, concentration of reactants,
etc., which might have contributed to results which
appeared to indicate the presence of an activator.

METHODS

Preparation of phoephataae 8olution. The kidney and in-
testinal preparations were made by grinding the tissue
with 10 times its weight of 0-9% NaCl solution saturated
with chloroform, followed by filtration through glass wool.
The bile was diluted with 0.9% NaCl to give an activity
of 20-50 units/100 ml. Faecal phosphatase solutions were
prepared according to Delory & King (1943).

Determination of pho8phatae activity. (1) Phenyl phos-
phate method of King, Haslewood & Delory (1937)-M/100
Na,(C,H,)P04 substrate and M/10 Na2C08-NaHCO3 buffer
of pH 9-9. The enzymically liberated phenol is taken as a
measure of the phosphatase activity (King & Armstrong
(1934) units). Folin & Ciocalteu's phosphotungstic-phos-
phomolybdic acid reagent (diluted 1 in 3) is used to pre-
cipitate the proteins and to estimate the free phenol. 1 ml.
of 20% Na2CO3 is added to 4 ml. of filtrate to develop the
phenol blue colour.

(2) Glycerophosphate method of Bodansky (1933)
10 ml. of 5% Na.-f-glycerophosphate in M/10 veronal buffer
are incubated at 370 with a stated amount of serum; tri-
chloroacetic acid is added and free phosphate determined
in the ifitrate.

EXPERIMENTS

Attempted activation of intestinal pho&phatse by
bile. If of two enzymes one has a higher activity
than the other owing to the presence ofan activator,
then the activity of a mixture of the two should be
greater than the sum of the separate activities. The
phosphatase activities of bile, of an intestinal pre-
paration.and of a mixture of these were estimated.
Some typical results are given in Table 1; these do
not suggest the presence of any activating sub-
stance. Negative results would also be obtained if
each of the prepaxations contained the optimum
amount of activating substance, but this possibility
is extremely unlikely. The figures in columns A, B
and C show that, if any activator be present, it
must be heat-labile.

Attempt to activate plasma phosphatase by highly
active preparation from faeces and kidney. 1 ml. of
a kidney or faecal phosphatase preparation was
heated together with 5 ml. of water to destroy the
enzyme activity. After cooling, 1 ml. of a normal
plasma was added. The solution was diluted to
15 ml. with water (solution A).

1 ml. of plasma+ 13 ml. of water were heated for
5 min. in a boiling water-bath, cooled, and after
addition of 1 ml. phosphatase the solution was
diluted to 15 ml. (solution B).

Solution C was a mixture of equal parts of
A and B.

Table 1. Effect of diluted bile on ntestinal phosphatase activity

Activity (mg. of phenol liberated/10nml. of phosphatase preparation) of

A

Intestinal
phosphatase
+dilute bile

66
74
110

B
Intestinal

phosphatase
+ dilute bile
(inactivated
by heat)

45
41
57

C

Intestinal
phosphatase

46
42
56

D

Dilute bile
24
31
52

E

Cale. C + D
70
74
108

Table 2. Effect of addition of kidney and faecal phosphatase preparatias
on plasma pho&phatase activity

Activity (mg. phenol liberated/100 ml. of enzyme solution) of
IA_ .-_

Phosphatase
Kidney

Faecal

A
Phosphatase
(inactivated
by heat)
+ plasma

1-8
1-7
1-4
5-2
4-8
3-7

B
Phospliatase
+ plasma

(inactivated
by heat)

11-7
11-6
3-1

15-2
14-6
17-1

C

Mixture of
equal parts of
A and B

6-7
6-7
2-4

10-0
9.5

10-4

D

Calc.
A + JB
6-7
6-65
2-25

10-2
9-7

10-4

% actiVation
AE x 100

-6
0
2

% activation
C-D
C- x 100

0
0-8
6-2

-2-0
- 21
0

4-2
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Table 3. Effect on phosphatase activity of addition of serum from cases of Paget's disease
and obstructive jaundice

(Figures in brackets indicate pH)

mg. of inorganic P liberated during 1 hr. hydrolysis

Observed

Nature of high
No. %phosphatase serum
1 Paget's disease
2 Paget's disease
3. Paget's disease
4 As 3, pH adjusted
5 Paget s disease
6 As 5, pHI adjusted
7 Icteric
8 As 7, pH adjusted
9 Icteric

10. As 9, pH adjusted
11 Paget's disease
12 As 11, pH adjusted

0-5 ml.
normal
serum

0-032 (8-5)
0-048 (8-5)
0-099 (8-7)
0-101 (8-5)
0-071 (8-7)
0-070 (8-5)
0-025 (8-7)
0-025 (8-5)
0-059 (8-7)
0-059 (8-5)
0-52 (8-7)
0-48 (8-5)

0-1 ml.
high
serum

0.054(9.0)
0-052 (9-0)
0-050 (9.1)
0-062 (8.5)
0-100 (9-1)
0-118 (8.5)
0.099 (9.1)
0-100 (8-5)
0-410 (9-1)
0-430 (8-5)
0-86 (9.1)
0-95 (8.5)

5 ml. portions of the buffer substrate (phenyl
phosphate) were placed in a water-bath for 5 min.
to allow them to attain the temperature of the bath
(370). 2 ml. of A, B or C, previously warmed, were
added and the hydrolysis allowed to proceed for
exactly 30 min., when 3 ml. of Folin & Ciocalteu's
reagent were added.
The results obtained are given in Table 2. It will

be seen that there was no activator in the prepara-
tions from either kidney or faeces.

'Activation' of plasma phosphatase by the pro-
cedure of Thannhauser et al. (1938). High phos-
phatase sera were mixed with low phosphatase sera,
and their activities measured according to the
method of Bodansky. The pH of the mixture was
noted. In some experiments the pH of the com-
ponents was adjusted to the same value before
mixing. Some of the results (Table 3) indicate an
apparent activation, i.e. the activity of the mixed
sera is greater than the sum of the activities of its
components. But this 'activation' is only occa-
sional, and is probably due to cauises considered in
the Discussion.

Attempt to demondtrate activation under clotsely
controlled conditions. In order to make a properly
controlled comparison of the phosphatase activity
of several sera and mixtures of sera, several criteria
must be satisfied:

(1) The pH must be the same in all instances.
(2) The proportion ofserum, substrate and buffer

must be the same in all of the incubated mixtures.
(3) Care must be taken to insure against a

variable destruction of the enzyme, due to the
alkaline reaction of the medium.

All these rules for legitimate comparison are
violated in the preceding experiment. In the fol-

0-5 ml.
normal
+0-1 ml.
high

0-096 (8.5)
0-120 (8-5)
0-160 (8-5)
0-160 (8-5)
0-172 (8-5)
0-175 (8-5)
0-120 (8-5)
0-125 (8-5)
0-460 (8-5)
0-460 (8.5)
1-25 (8-5)
1-31 (8.5)

Calc. as
sum of
com-

ponents
0-086
0-100
0-149
0-161
0-171
0-189
0-124
0-130
0-469
0-489
1481 2,
1-43[

Observed
f A

I

0-5 ml.
0-2 ml. normal
high +0-2 ml.
serum high

0-087 (9-0) 0-148 (8.4)
0-120 (9-0) 0-168 (8-4)

Calc. as
sum of
com-

ponents
0-119
0-160

14 hr. hydrolysis

lowing tests a more reliable result has been achieved
by using constant amounts of buffer, serum, sub-
strate, identical conditions ofpH, and by employing

Table 4. Attempt to demonstrate activation of phos-
phataae in normal serum by addition of high
phosphatase serum

NXature of high
phosphatase

serum
Paget's
disease

Icteric

Paget's
disease

Fortified
with faecal
phosphatase

Fortified
with faecal
phosphatase

Paget's
disease

Icteric

leteric

Icteric
Icteric
Icteric
Paget's
disease

Phosphatase activity in King-Armstrong
units/100 ml.: (a) withopt preliminary
incubation, and, (b) after preliminary
incubation

High 5 Parts Calc. as
phos- normal sum of

Normal phatase +1 part com-
serum serum high ponents

a 4-9 78-1 17-0 17-1
b 5-1 79-2 16-4 17-5
a 5 0 72-1 14-5 16-1
b 4-6 72-8 15-5. 16-0
a 10-4 S0-2 23-8 22-0
b 9.5 79.4 23-6 21-1
a 4.1 141-2 24-5 26-9
b 5 0 137-3 26-4 27-0

a 4-5
b 5.9

a 11-6
b 11-4
a 4-5
b 4-8
a 7-2
b 7-9

a 10-1
a 9-5
a 11-2
a 6-2

81-4 19-0 17-4
84-1 19-1 18-9

130-0
128-3
53-4.
53-0
61-2
62-4

56-9
82-3
61-7
85-3

29-9
30-7
13-0
12-4
16-2
15-7

1 part normal
+ I part high

32-8
46-0
36-4
46-3

31-1
31-0
12-6
12-8
16-2
15-3

33-5
45-6
35.9
45-7

I944
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short periods of incukation. The possibility of a
slow activation was covered by incubating samples
of the normal with the icteric or Paget's serum for
24 hr. before determination of enzyme activity.
The estimation of phosphatase was carried out by
the phenylphosphate method.
The determinations were performed on high

phosphatase sera,. normal sera and on mixtures of
five parts normal serum with .one of high phos-
phatase serum, this last being claimed by Thann-
hauser et al. (1938) to give the maximum activation.
Samples of the three specimens were then kept at
370 for 24 hr.', the pH's checked, and the deter-
minations repeated. All estimations were carried
out in duplicate and the means of typical results
are recorded in Table 4, which also includes the
results of experiments made with a mixture of equal
parts of the normal and high-phosphatase sera
without preliminary incubation.

DISCUSSION
The experiments recorded are only a few of many
we have performed, but they are representative and
give a fair picture of the results obtained. We have
been unable in any of our work to demonstrate the
presence of anl activating substance in plasma of
high phosphatase content. This is contrary to the
findings of Thannhauser et al. (1938), who claimed
that normal serum was activated by the addition
of serum from a patient with Paget's disease.
Cantarow (1940) claimed that icteric sera had no
effect on the activity of normal sera when mixed
in proportions varying from 1/5 to 5/1 with an
incubation of 1 hr., but that with an incubation
period of 24 hr. there was evidence of activation of
the normal by the icteric serum. In one of our
experiments we attempted to repeat Thannhauser's
tests but this was somewhat difficult, owing, as
Allcroft & Folley (1941) have pointed out, to the
lack of experimental detail given. Thannhauser
measured the amount of phosphate enzymically
liberated by 0-5 ml. of normal serum and by 0.1 ml.
of high phosphatase serum and compared these
figures with the amount of hydrolysis obtained with
the two sera together. In this type of experiment
the pH is not the same in the three mixtures, nor
is there a constant proportion of buffer, substrate
and serum, so that it seems possible that the results

obtained by Thannhauser et al. and by Cantarow
were a result of errors inherent in their technique.
In our experiments on this model (Table 3), we
were not able to demonstrate any consistent acti-
vation of the low phosphatase by the high. Tests
3 and 4 (Table 3) seemed to suggest that the appa-
rent activation was due to the fact that the high
phosphatase serum was acting at pH 9-1, while the
normal serum was acting at pH 8-7 and the mixture
at a still lower pH of 8'5, but later experiments did
not confirm this. The table does show, however, the
variable results obtained by this procedure. Much
better agreement is obtained .by ouLr final method
(Table 4).
Our failure to obtain any evidence of the presence

of an activating substance' in high phosphatase
serum is supported by the somewhat similar experi-
ment of Albers (1940), and by Williams & Watson
(1941), who measured the reaction velocities for the
activity of purified plasma phosphatase prepara-
tions to which had been added optimum amounts
of the known activators, Mg salts and glycine.

Allcroft & Folley (1941) found no evidence in
favour of the suggestion that the very high blood
phosphatase values found in certain breeds of cows
might be due to the presence of an activator. It
was also noted that one of them (Folley) had con-
sidered the possibility in 1935 that the high blood
phosphatase of jaundice was due to an activation
phenomenon, but had abandoned the idea on the
basis of evidence obtained at that time.
Serum phosphatase values of over 100 King-

Armstrong units/100 ml. have been encountered in
generalized bone disease and values as high as
250 units/100 ml. have been recorded in bone sar-
coma and in obstructive jaundice. In these results
we are dealing with an increase over the normal
which is between tenfold and twenty-fivefold, beside
which Thannhauser's 'activation' of 35% appears
insignificant.

SUMMARY

No evidence has been found to support the hypo-
thesis that the high serum phosphatase values found
in generalized bone disease and in jaundice are due
to the presence of an activator and it is concluded
that there is an actual increase in the amount of
enzyme present in the serum in these conditions.
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