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Heat stability of human placental alkaline
phosphatase
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SYNOPSIS Alkaline phosphatase prepared from human placentae shows greater resistance to heat
inactivation than any other known alkaline phosphatase of human origin. In the presence of
magnesium this enzyme may be heated at 70°C. for 30 minutes without loss of activity whereas other
human alkaline phosphatases lose most of their activity on being heated at 56°C. for this period of
time. This heat stability is seen in freshly prepared enzyme, in alcohol-fractionated and freeze-dried
material, and in the sera of individuals into whom placental alkaline phosphatase has been infused.
The clinical implications of our observations are briefly indicated.

Many enzymes exist in multiple forms. These are
known as isoenzymes because of their ability to
catalyse the same biochemical reactions, in spite of
their different molecular structures (Markert and
M0ller, 1959; Kaplan, 1963). In the case of alkaline
phosphatase, the presence of multiple enzyme forms
has been suspected for many years (Cloetens, 1939)
and, more recently, considerable structural hetero-
geneity has been described not only in enzymes
derived from different sources (Moss and King, 1962)
but also in enzymes prepared from homogenates of a
single tissue (Moss, 1963).
Most of the methods available for the separation

of different alkaline phosphatases are either not
suitable for use in a routine laboratory (Boyer, 1963)
or not sufficiently sensitive for the determination of
the tissue sources of circulating enzymes (Moss,
Campbell, Anagnostou-Kakaras, and King, 1961;
Peacock, Reed, and Highsmith, 1963).
Owing to the current Australian practice of

preparing some albumin for infusion from human
placentae (Neale, Clubb, and Posen, 1963, 1964)
many bottles containing 25 g. of albumin also
contain up to 8,000 K.A. units (King and Armstrong,
1934) of placental alkaline phosphatase. This
enzyme, when infused into human subjects, has a
biological half life of about seven days and large,
artificially induced changes in serum alkaline phos-
phatase concentration may persist for several weeks.
It therefore became necessary to devise a simple
method for distinguishing infused placental enzyme
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from alkaline phosphatases normally present in
serum. Such a method is described in this paper.
Subsequent publications will describe the use of this
method in the investigation of serum alkaline
phosphatase elevation in pregnancy (McMaster,
Tennant, Clubb, Neale, and Posen, 1964), in the
study of the metabolism of infused enzyme in human
subjects, and in the measurement of plasma volume
by enzyme dilution (Posen, Clubb, Neale, and
Hotchkis, 1965).

MATERIALS AND METHODS

The following substances were investigated:
1 Placental homogenate for which the placentae were

obtained within 30 minutes of delivery. They were washed
(Ahmed and King, 1960), weighed, and cut into small
pieces. These were homogenized in their own volume of
0 9% saline. The homogenate was filtered and suitably
diluted for alkaline phosphatase estimation. No buffer
was added. The magnesium content of the undiluted
homogenate was 1-3 mg. per 100 ml.

2 A 5 % solution of freeze dried powder derived from
placental homogenate which had been subjected to the
'Michigan' process (Gordon, Hyndman, Bloom, Ander-
son, Taylor, and McCall, 1953) by the Commonwealth
Serum Laboratories, Melbourne. This process consists
essentially of a preliminary treatment of placental
homogenate to remove cellular debris and haemoglobin
derivatives, followed by conventional Cohn fractionation
for albumin. The freeze-dried powdered material, when
redissolved and subjected to paper electrophoresis,
exhibits a single protein band with the mobility of serum
albumin but contains 250-300 K.A. units of alkaline
phosphatase and 0-2 mg. of magnesium per gram of
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protein. A 5% solution of the powder is made up in
Ringer lactate (Hartmann's solution) and heated for 10
hours at 60°C. This 5% 'albumin for infusion' may be
obtained from the Commonwealth Serum Laboratories.
Melbourne, and contains about 1,500 K.A. units alkaline
phosphatase and 0 9 mg. of magnesium per 100 ml.

3 Serum from a 41-year-old patient with osteoporosis
who had been infused with 75 g. of albumin and 22,500
K.A. units of alkaline phosphatase i.e., material no. 2,
four days previously. Her serum alkaline phosphatase
level was 350 K.A. units per 100 ml. and her serum
magnesium concentration 1-8 mg. per 100 ml.

4 Serum of a normal male with an alkaline phos-
phatase activity of 9 5 K.A. units per 100 ml. The serum
magnesium concentration was 1 9 mg. per 100 ml.

5 Serum of a patient with severe Paget's disease with
an alkaline phosphatase activity of 1,140 K.A. units per
100 ml. Serum magnesium concentration was 2-0 mg.
per 100 ml.
The above materials were suitably diluted with water

and two series of aliquots were prepared. One series was
heated at 56°C. and the other at 75°C. for times ranging
from two and a half to 30 minutes. In another set of
experiments, aliquots of the above materials were heated
for 30 minutes at 12 different temperatures ranging from
350 to 85°C. In the higher range of temperatures,
flocculation of some proteins occurred and the solutions
had to be centrifuged before alkaline phosphatase
determinations on the supematant fluid.
Because of the demonstration by Garen and Levinthal

(1960) that the heat stability of bacterial alkaline
phosphatase was enhanced by the addition ofmagnesium,
all heating procedures were performed on two samples
of the same solution. No magnesium was added to one
but the other was made to contain 10-2 M magnesium
before heating. In addition, all substrate solutions were
made up to contain 10-3 M magnesium.
Serum from the patient with severe Paget's disease

(material no. 5) and serum from a patient infused with
placental enzyme (material no. 3) were each heated to
56°C. for 30 minutes and 60 minutes. Heated and
unheated sera were subjected to starch gel electrophoresis
by the method of Poulik and Smithies (1958) and stained
with Brentamine fast blue B salt (I.C.I.) after incubation

with alpha naphthyl phosphate according to the method
of Chiandussi, Greene, and Sherlock (1962).

Alkaline phosphatase was estimated in the Technicon
AutoAnalyser by the manufacturer's automated phenyl
phosphate method. Magnesium estimations were per-
formed by the method of Orange and Rhein (1951).
Between the various procedures all specimens were
stored in the refrigerator.

RESULTS

Table I shows alkaline phosphatase activity in
solutions heated at 56°C. for various periods of time.
There is an obvious difference between normal
serum and Paget's disease serum on the one hand and
materials of placental origin on the other. Whereas
less than 10% of normal serum alkaline phosphatase
and less than 3% of Paget's disease serum enzyme
remains after 20 minutes at 56°C., placental enzyme
is quite unaffected by heating at this temperature.
The difference between normal serum and Paget's
disease serum, which has been confirmed in a number
of subjects, will be treated more fully in a subsequent
publication (Posen, Neale, and Clubb, 1965).

Figure 1 shows the percentage of alkaline phos-
phatase activity present in normal serum, Paget's
disease serum, and placental homogenate after
heating at 56°C. for various times. It can be seen
that in normal serum the disappearance rate is not
linear on a logarithmic scale. During the initial stages
of heating half the enzyme disappears within about
four minutes. Over the last 15 to 20 minutes the
disappearance rate is much slower, half the enzyme
being inactivated in approximately 13 minutes. A
similar change in the rate of enzyme inactivation
occurs in Paget's disease serum with its much higher
alkaline phosphatase concentration though in this
case enzyme activity has declined to 4% of the initial
value before the change in disappearance rate occurs.
The alkaline phosphatase activity of placental homo-
genate is quite unchanged after 30 minutes at 56°C.

TABLE I
ALKALINE PHOSPHATASE ACTIVITIES (IN K.A. UNITS PER 100 ML.) IN SOLUTIONS HEATED AT 560c. FOR VARIOUS

PERIODS OF TIME

Time (min.) Placental Honmogenate

No Mg Mg 10-2 M
Added

0

5
10
15
20
25
30

560
570
590
590
600
570
590

550
555
570
580
570
580
560

Placental Homogenate Serum from Patient Normal Serum Serum from Patient with
Subjected to Alcohol Infused with Placental Paget's Disease
Fractionation and Enyzme
Freeze-dried

No Mg Mg 1O-2 M No Mg Mg 1O-2 M No Mg Mg 1O-2 M No Mg Mg 10-2 I
Added Added Added Added

1,440
1,440
1,580
1,460
1,460
1,540
1,450

1,480
1,540
1,650
1,600
1,530
1,600
1 630

330
330
330
330
330
330
330

355
355
355
345
345
345
345

9-4
4-5
1-9
13
1-1
0-8
0-5

9-5
4-5
1-9
1-3
13
0-8
0-6

1,140
480
153
48
36
24
18

1,140
545
168
80
47
34
25
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FIG. 1. The loss of alkaline phosphatase activity when normal serum (initial activity 9-S K.A. units per 100 ml.)
and Paget 's disease serum (initial activity 1,140 K.A. units per 100 ml.) are heated at 560C. for varying times. Placental
homogenate (initial activity 560 K.A. units per 100 ml.) shows no change in activity at this temtperature. No
magnesium has been added to any of the solutions.
FIG. 2. Alkaline phosphatase activities (in percentages of pre-heating values) found in various sera after heating at
different temperatures for 30 minutes.

Table II shows alkaline phosphatase activity in
solutions heated to 75°C. for various periods of time.
At this temperature undiluted serum coagulates and
it is therefore possible to measure alkaline phos-
phatase concentrations only in solutions diluted with
water.
The difference between placental and non-

placental material is again illustrated. In solutions
containing added magnesium, about 70% of the
original placental enzyme is still present after
30 minutes, whereas all enzyme activity has dis-
appeared from the Paget's disease serum within five

minutes. Among the samples not containing added
magnesium considerable differences are apparent
between the various solutions containing placental
alkaline phosphatase. The freeze-dried redissolved
enzyme solution, which contains, after 1::00 dilution
(necessary for enzyme assay) no measurable
magnesium, has a rate of inactivation 20 times
faster than the placental enzyme in the other, less
dilute solutions with their higher magnesium
concentrations.

Table III shows the effect of heating for 30
minutes at temperatures ranging from 37°C. to

TABLE IL
ALKALINE PHOSPHATASE ACTIVITIES (K.A. UNITS PER 100 ML.) IN SOLUTIONS HEATED AT 75 C1. FOR

VARIOUS TIMES

Time (min.) Placental Homogenate Placental Homogenate Serum from Patient Normal Serum Serum from Patient with
Alcohol-fractionated Infused with Placental Paget's Disease
and Freeze-dried Enzyme
(C.S.L.)

No Mg Mg 10-2 M No Mg Mg 1O-2 M No Mg Mg 1O-2 M No Mg Mg 1O-2 M No Mg Mfg 10-2 M
Added Added Added Added Added

0 635 620 1,610
2i 565 505 1,340
5 525 475 790
10 505 460 187
15 475 450 56
20 450 440 24
25 425 425 14
30 420 420 5

'Undiluted serum coagulated at this temperature.

1,740
1,440
1,440
1,390
1,390
1,300
1,250
1,150

326
316
284
272
262
230
212
202

310
305
295
276
266
245
235
225

Estimation impossible
because of coagulation
of undiluted serum
at this temperature

1,100
0
0
0
0
0
0
0

1,140
3-2
0
0
0
0
0
0
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TABLE III
ALKALINE PHOSPHATASE ACTIVITIES (K.A. UNITS PER 100 ML.) IN SOLUTIONS HEATED AT VARIOUS TEMPERATURES

FOR 30 MINUTES

Placental Homogenate

No Mg Mg 10-2 M
Added

97
100
99
97
104
107
107
94
100
109
80
20
0

92
100
95
100
104
97
95
94
100
109
80
20
0

Placental Homogenate Serum from Patient Normal Serum
Alcohol-fractioncted and Infused with Placental
Freeze-dried (C.S.L.) Enzyme

No Mg Mg 1O-2 M No Mg Mg 10-'M No Mg Mg
Added Added Added

2,550
2,500
2,450
2,700
2,550
2,550
2,550
2,600
2,500
950
13
0

0

2,700
2,700
2,700
2,790
2,500
2,600
2,730
2,750
2,800
2,550
1,400

13
0

246
248
248
250
250
246
248
244
234
228
125
12
0

258
258
264
264
260
260
250
250
246
230
172

7
0

9
9
9
9
65
1-5

0

Serum with Patient fronm
Paget's Disease

10-2 M No Mg Mg 10-2M
Added

8 5
9
9
8 5
6-5
25

0

1,470
1,420
1,470
1,540
965
107

7
0

1,200
1,270
1,220
1,240
1,070
200
33
0

A B C D E F G H

FIG. 3. Starch gel electrophoretogram of heated and
unheated sera stained for alkaline phosphates. A and B,
Paget's disease serum, unheated; C, same serum heated at
56°C. for 30 minutes; D, same serum heated at 56°C. for
60 minutes; E, serum of patient previously infused with
placental enzyme heated at 56°C. for 60 minutes; F, same
serum heated at 56°C. for 30 minutes; G and H, same

serum, unheated.

85°C. on enzyme activity in the various solutions.
Serum alkaline phosphatase from the normal
individual and the patient with Paget's disease,
while unaffected by temperatures below 50°C., are
inactivated over a narrow temperature range
between 50 and 60°C. The heat inactivation of
placental alkaline phosphatase takes place at a much
higher temperature but occurs over a similarly
narrow temperature range between 70 and 80°C. At
75°C. the protective effect of magnesium on the
magnesium-poor solutions is once again seen. The
narrow temperature range over which enzyme
inactivation occurs is shown in Figure 2. In each
solution tested, the change from 100% to 10% or
less of the pre-heating activity occurred as the
temperature was raised by only 10°C.

Figure 3 shows starch gel electrophoretograms of
alkaline phosphatases derived from Paget's disease
serum (A-D) and from the serum of a patient
infused with placental enzyme (E-H). Mobility on
starch gel, so useful in separating tissue enzymes
(Boyer, 1963), has not, in our hands, been a success-
ful method in separating circulating enzymes from
one another. Heating, on the other hand, causes the
disappearance of all enzymes from the Paget's
serum whereas in the serum of the infused patient all
bands persist.

DISCUSSION

The method of separating iso-enzymes by their
different behaviour during heating procedures is well
known, both with alkaline phosphatase (Moss and
King, 1962) and with other enzymes (Van der Helm,
Zondag, and Hartog, 1962). In the case of serum
alkaline phosphatase, inactivation at 56°C. for 30
minutes was to be expected. There is good evidence,
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Temperature
(OC.)

Unheated
37
40
45
50
53
56
60
65
70
75
80
85
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both clinical and immunological (Schlamowitz and
Bodansky, 1959), that at least part of the serum
enzyme is derived from bone, and bone alkaline
phosphatase has been shown to be heat labile
(Moss and King, 1962).
The inconstant disappearance rate, during heating,

of alkaline phosphatase from normal and Paget's
disease serum (Fig. 1) may be due to the presence
of two or more isoenzymes with different rates of
heat inactivation. Alternatively, some unidentified
substance present in limited quantities may protect
part of the enzymes against destruction by heating.
It is impossible, on the evidence available, to decide
between these alternatives. Magnesium, a known
requirement for the action of many alkaline phos-
phatases (Mathies, 1958) and for the protection of a
bacterial alkaline phosphatase against heat inactiva-
tion (Garen and Levinthal, 1960), was without effect
on the inconstant disappearance rate of serum
enzymes during heating.

Placental enzyme appears unique among human
alkaline phosphatases in undergoing no heat
inactivation below 75°C. in the presence of 10-2 M
magnesium. Alkaline phosphatases from bone,
liver, intestine, kidney (Moss and King, 1962),
uterus, ovary, breast (McMaster et al., 1964),
pancreas, muscle, brain, heart, lung, prostate, and
testis are all inactivated to less than 50% of their
original activity in 30 minutes at 56°C. Placental
alkaline phosphatase may be left at this temperature
for four weeks without appreciable change. This
heat stability persists after alcohol fractionation,
freeze drying, and infusion into human recipients,
thus providing a means to identify infused or
naturally occurring placental enzyme in the circula-
tion.
We are currently using this enzyme, which is

'labelled' by virtue of its heat stability, in the study of
alkaline phosphatase metabolism in normal and
abnormal individuals and in the measurement of
plasma volume by enzyme dilution (Posen, Clubb,
Neale, and Hotchkis, 1965).
The reason why this particular enzyme should be

more heat resistant than all other known human
alkaline phosphatases in obscure. Binkley (1961)
suggested that highly purified swine kidney alkaline
phosphatase contains little or no protein but is
composed of glucose, a pentose, and substituted

pyrimidines. A similar lack of protein may character-
ize placental alkaline phosphatase and account for
the resistance of this enzyme to thermal inactivation.
Figure 3 certainly suggests that heat stability of
placental alkaline phosphatase is related more to the
enzyme source than to its position on the starch gel
electrophoretogram.

Out thanks are due to Professor R. J. Walsh, who first
drew our attention to the use of placental material in the
preparation of albumin for infusion. Dr. W. R. Greville,
Director of the Commonwealth Serum Laboratories, and
Mr. M. R. Hinton, Controller of the Biochemistry Section,
were most generous with their supply of alcohol-
fractionated and freeze-dried enzyme and provided
complete details of their alcohol-fractionation process.
Mrs. Shirley McPherson and Miss Gillian Peart gave
valuable technical assistance. This work was supported
by the Post-Graduate Medical Foundation, University of
Sydney, Messrs. Farmer Hill Pty. Ltd., and Messrs.
Geigy (Australasia) Ltd.
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