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Abstract: Alkaline phosphatase is an enzyme that converts para-nitrophenyl phosphate to para-nitrophenol (yellow
coloured) in 2-amino, 2-methyl, 1-propanol buffer at pH 10.5. However, when this protocol is applied to the in vitro
cellular model systems to estimate alkaline phosphatase activity, it tends to generate clumps of genomic DNA, leading to inaccurate pipetting for protein estimation. The aim of the study was to introduce minor modifications in the
existing protocol to make it simple, cost-effective, with minimal labor-intensive procedures while estimating alkaline
phosphatase activity in cellular model systems. The genomic DNA clumps were dissolved by depurination (adding
0.2 N HCl) and fragmentation (adding 0.2 N NaOH) during enzyme estimation. Moreover, these minor modifications
have been standardized and optimized extensively by using serum samples (rich source of alkaline phosphatase),
hFOB/ER9 (human Fetal osteoblastic cell) and HepG2 cells. Our results suggest that the modification incorporated
in previously published method was robust enough to estimate ALP activity and protein concentration accurately.
There was no significant variation in ALP activity estimated after modification (P > 0.05). This innovative approach
could be beneficial for a researcher by providing an easy, cost effective and less labor-intensive solution for estimation of enzymatic activity in cellular model systems.
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Introduction
Alkaline phosphatase (ALP) assay, which includes the estimation of its activity in serum is a
common biochemical test done for the assessment of various pathological conditions
[1-4]. This assay measures the conversion of
para-nitrophenyl phosphate to a yellow coloured compound, i.e. para-nitrophenol (PNP)
at pH 10.5 [5]. The biochemical estimation of
ALP activity is the same irrespective of the tissue source (Liver, Kidney and Bone), which
secretes this enzyme [6-8]. The ALP activity is
estimated in serum by directly mixing with
2-amino, 2-methyl, 1-propanol (AMP) buffer at
pH 10.5 followed by estimation of absorbance
of the resultant yellow color solution at 405 nm
[9]. However, when ALP activity has to be estimated in the cells similar to the published protocol [10] grown in culture plates, addition of

AMP buffer containing substrate i.e. para-nitrophenyl phosphate (pNPP) results in lysis of the
cells leading to the release of genomic DNA
along with the cellular content. Presence of
genomic DNA clumps contributes to absorbance and inaccurate protein estimation when
ALP activity is estimated. Although various protocols have been adapted to estimate ALP
activity in the cultured cells, the modified method of estimation presented here is simple and
cost effective as it does not require any kit.
As ALP activity is expressed in U/mg of protein
[11], there is a need to quantify the protein. However, the viscosity of the solution
makes it difficult to quantitate the protein content accurately. Minor changes in protein concentration values can change the ALP activity.
To avoid these artifacts of the protocol reported earlier [10, 12], new protocols were reported
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[13] in which the cells were trypsinized, lysed in
buffer by sonication to reduce the DNA viscosity. This sonicated extract was used to estimate
the ALP activity and DNA content by Picogreen
dye method. Finally, ALP activity of different cell
cultures was normalized with respect to the
total DNA content. The main disadvantage of
above method was labor-intensive sonication
procedures for individual cell cultures and use
of an expensive Picogreen kit for estimation of
total DNA content. Hence, there was a need to
develop a method which allows the analysis of
several parameters viz., analysis of gene expression, proteins and ALP activity all from a
single set of treated cells.
In this study we aim to develop more efficient,
economical, fast and consistent method to estimate ALP activity and protein concentration
in a single tube for cultured cells. Some minor
modifications were incorporated in the existing
protocol [10] and extensive optimizations were
performed. It is well-known that when DNA is
treated with dilute acid (0.2 N-0.4 N HCl) followed by alkali, the DNA gets depurinated and
hydrolysis of phosphodiester bonds at the
depurinated points results in breakage of DNA
into small fragments [14-16]. The resulting
solution with fragmented DNA is no more viscous and thus it is possible to pipette out accurate volumes. By this modification, the viscosity
which always resulted in inaccurate protein
concentration estimation was solved. We presumed that addition of acid followed by alkali
treatment to the lysed cells should not cause
any interference for both the ALP assay as well
as the Bradford assay. The same treatments
were performed for all the standards as well as
all the samples to nullify the variation. Thus,
ALP activity and protein concentration in cellular model systems was measured accurately by
this method.
Materials and methods
Study design and study subjects
Sample collection procedures were in accordance with the ethical standards of the responsible committee on human experimentation
(Institutional Ethics committee no. NK/802/
MD/2121). After enrolment in the study from
each subject, a written informed consent was
obtained after explaining the protocol. The
study was conducted in the Department of
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Biochemistry. A total of 8 serum samples were
used for the study.
Cell lines and materials
Hepatocellular carcinoma cell line HepG2 was
purchased from NCCS Pune, India and hFOB/
ER9 cell line was obtained as gift from Dr M.
Subramaniam, Mayo Clinic, Rochester, USA.
Both cell lines were maintained in DMEM: F12
Ham’s media (Sigma-Aldrich, USA) with 10%
FBS (GIBCO, Thermofisher, Scientific USA) and
1x antibiotic and antimycotic solution (PAA
Laboratories, Yeovil, UK) at 37°C and 5% CO2.
The cells were trypsinized using 0.05% Trypsin-EDTA solution (HiMedia Laboratories Ltd.,
India) and maintained at early passages. 2amino, 2-methyl, 1-propanol (HiMedia Laboratories Ltd., India), Disodium para nitrophenyl
phosphate (AR), p-nitrophenol (HiMedia Laboratories Ltd., India) were used in the study.
ALP assay
Approximately 1×104 cells per well were plated
in 96 well plate. The cells were maintained for
three days with a change of media. Alkaline
phosphatase assay was performed after the
cells attained confluence. To each well of 96
well plate 0.1 mL of AMP buffer pH 10.5 containing 2 mg/mL of para-nitrophenyl phosphate was added. After mixing, the cell lysate was
incubated at 37°C for 15 minutes followed by
addition of 0.006 mL 6 N HCl and mixed. This
was immediately followed by addition of 0.104
mL 1.0 N NaOH, which insures the termination
of ALP activity as well as neutralization of HCl
(Supplementary Information).
Bradford assay
For protein estimation, Bradford method was
extensively optimized to estimate the strength
of Bradford reagent in presence of AMP buffer.
A 10 µL aliquot was taken from the tube after
ALP measurement and to that desired volume
of Bradford reagent was added. The volume of
Bradford Reagent and total reaction volumes in
standards and test samples should be the
same. The volumes could be equalized using
0.15 N NaCl [17].
Statistical analysis was performed using Graph
Pad Prism 5.0. T-test was performed to compare two methods. One-way ANOVA was per-
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Figure 1. Effect of acid treatment on ALP standards
(PNP). Different concentrations of Para-nitrophenol
(0.00054, 0.00108, 0.00216, 0.00324, 0.00432,
0.0054 μmol) were used to compare between presence and absence of acid. Total volume was 0.320
mL.

formed to calculate the significance between
different methods (acid treatment, sonication
and conventional) for the estimation of ALP in
serum samples. P-value < 0.05 was considered
significant.
Results
Effect of acid treatment on standards
Addition of HCl to a final concentration of 0.2 N
would have depurinated the DNA, which is followed by addition of NaOH would break, the
DNA strands. This step would have reduced the
viscosity of the DNA in solution. However, addition of HCl followed by NaOH should not affect
the accuracy of the assay. So, the effect of HCl
on the standard (PNP) was studied experimentally. To one set of a series of PNP standards
only HCl was added followed by NaOH and in a
second set, neutralized HCl was added as it
does not have acidic property after neutralization. We observed no significant difference in
the value of standards as shown in the curve
plotted after addition of acid followed by neutralization (y = 0.0008x - 0.0069, R2 = 0.9952
for acid treated standards and y = 0.0007x +
8E-05, R2 = 0.9988 for neutralized buffers)
(Figure 1).
Effect of acid treatment on alkaline phosphatase activity in serum
To confirm if addition of dilute acid (0.2 N HCl)
could affect ALP activity, human serum was
used as the source of ALP enzyme. The ALP
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Figure 2. Effect of acid treatment on ALP activity in
serum samples. Serum samples were mixed with
AMP buffer and incubated for 15 minutes and HCl
was added followed by neutralization in one set and
in other only neutralized buffer was added. Reaction
was stopped and OD was taken at 405 nm. Total volume was 0.320 mL. *p value- < 0.05.

activity of serum represents the total ALP of
liver, kidney and bone functions. Each serum
sample was used in two sets, one with acid followed by neutralization and another with neutralized buffer to see the effect of acid on ALP
activity. There was no significant difference in
ALP values of serum collected from 8 human
subjects, when acid was added as shown in
Figure 2.
Comparison between DNA fragmentations by
acid treatment vs sonication on ALP activity
Some methods [13] rely upon sonication for
lysis of cells to estimate ALP activity and also
for protein estimation. This method does not
pose any viscosity problems. However, sonication itself is a very aggressive method which
may affect the enzyme activity due to rapid
vibration of protein molecules or by localized
heating during sonication. To check whether
sonication would affect the enzyme activity,
ALP activity was determined from serum with
sonication, in presence and absence of neutralization. ALP was estimated by sonication
followed by modified protocol i.e. addition of
acid followed by neutralization. Both the methods were compared with their respective control conditions viz., using neutralized buffer for
acid followed by neutralization and non-sonication for sonicated samples. Addition of acid to
the sample followed by neutralization affected
ALP but not to that extent as compared to neutralized buffer (Figure 3A). Studies have shown
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Figure 3. Comparison of DNA fragmentations by acid treatment vs sonication on ALP
activity. ALP was estimated in serum samples by same method but with some modifications. A. ALP activity in serum sample
with and without sonication (conventional).
B. DNA fragmentations by sonication vs acid
treatment. C. Combined graph comparing
sonication, acid treatment and conventional
procedure. Total volume was 0.320 mL. *p
value- < 0.05.

Figure 4. Compatibility between AMP buffer and
Bradford assay. To the BSA standards (0.5-3.0 µg),
250 µL of Bradford reagent added in presence and
absence AMP buffer. Linearity was obtained up to
3.0 µg. Total volume was 0.310 mL.

that sonication improves estimation of ALP and
similar results were obtained when sonicated
and non-sonicated samples were compared in
Figure 3B, 3C.
Compatibility of AMP buffer in Bradford assay
Total protein concentration has to be estimated in sample to express the ALP activity/mg
of protein for comparison. Bradford reagent
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changes its color to blue at alkaline pH. The
compatibility between Bradford and AMP buffer with HCl and NaOH as ALP reaction is a
mixture of these three components was checked. It was observed that there was no change in color when AMP buffer (y = 0.0551x 0.0192, R2 = 0.9776) was added to the Bradford reagent (Figure 4) as compared to without
AMP buffer (y = 0.051x - 0.0159, R2 = 0.9887)
and to that somehow HCl has additive effect to
be used in the modification step of the existing
protocol. We got linearity from 0.5 to 3 µg of
BSA with 250 µL of Bradford reagent.
Optimization of cellular alkaline phosphatase
activity using HepG2 (hepatocellular carcinoma, human) and human fetal osteoblastic
(hFOB/ER9) cell lines
Bone and Hepatic tissues are the source of alkaline phosphatase. Total ALP activity was expressed in U/mg of protein. HepG2 cells and
hFOB/ER9 cells were cultured in a 96 well plate
and ALP activity was estimated after 15 mins.
The total ALP activity in HepG2 cells (673 U/mg
of proteins) and hFOB/ER9 (22.13 U/mg of
protein) cells were estimated using proposed
protocol (Figure 5). The main advantage being
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by comparing standards in presence of HCl and
neutralized HCl, it was observed that addition
of HCl did not affect the standard as shown in
Figure 1. Neutralized buffer which includes a
mixture of HCl and NaOH was considered as
control for its experimental condition. Once it
was clear that standards were not affected by
HCl addition, this new approach was applied to
estimate ALP activity in serum samples and it
was found that the ALP activity was not affected significantly by addition of acid to the serum
(Figure 2).

Figure 5. ALP activity in HepG2 and hFOB/ER9 cells.
Cells lysed in AMP buffer with pNPP substrate and
incubated for different time period. After incubation
HCl was added followed by addition of NaOH to neutralize and stopped the ALP reaction. Total volume
was 0.210 mL.

direct determination of ALP activity in 96 well
microtiter plate in which the cells were cultured.
Discussion
Harris and group in 1995 [10] published the
protocol of estimating ALP activity in osteoblastic cells directly using AMP buffer, which
was modified later by same group [13] in which
the cells were trypsinized and lysed by sonication to reduce the DNA viscosity. The ALP activity was expressed as ALP activity/DNA content
in which DNA content was estimated by using a
kit based Picogreen dye method. Although this
method seems to work, there may be sources
of errors in taking equal number of cells for
trypsinization and differences in extent of sonication while handling countless batches of cell
cultures. To make the method less laborious,
error free and cost efficient some new changes
were included in our study. This includes addition of HCl to final concentration of 0.2 N which
brings about depurination of the DNA followed
by NaOH addition, to break the DNA into small
fragments, thereby reducing the DNA viscosity.
Before implementation of these modifications
to existing protocol, each and every condition
of this assay was optimized critically.
First, addition of 0.2 N HCl followed by neutralization with 0.2 N NaOH should not affect standards of assay i.e. para nitro phenol (PNP) and
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Second, ALP activity was estimated in serum
samples by two methods, one in which 0.2 N
HCl was added to one half of the serum and the
other half samples were sonicated before ALP
estimation. Although, sonication has improved
ALP activity to some extent similar to previous
study [18], ALP assay after sonication can be
tedious and time consuming especially when
numerous cell cultures have to be handled.
Secondly, when many samples are being handled one after another the extent of sonication
may not be the same each time and this may
lead to erroneous results. An important advantage of the AMP buffer lysis method is that cells
need to be cultured only in plates where they
are directly lysed by addition of AMP lysis buffer. On the other hand, for sonication, the cells
have to be scrapped before collecting them
into a tube and this scrapping step may not be
the same in all the plates. This was also a
source of error while assaying ALP activity.
From this comparison it was observed that
though sonication improved the ALP activity as
compared to non-sonicated samples addition
of HCl did not cause any significant change in
the ALP activity as shown in Figure 3.
Third, it has been clearly shown in Figure 4 that
even Bradford assay was not affected by addition of HCl containing AMP buffer. Fourth, this
modified protocol gives advantage over existing
protocol in absolute protein estimation as the
difficulty of sample collection after ALP in case
of cells was reduced by modification opted in
the study. Lastly, ALP activity can be estimated
in microtiter plate or microfuge tubes and can
be constructed conveniently to fulfill many objectives at the same time.
ALP activity is estimated to assess the function
of hepatocytes, kidney cells and osteoblastic
activity of osteoblasts [12, 19, 20]. It is also
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used as diagnostic marker in liver and bone
diseases [21, 22]. The adapted protocol should not cause any impediments while working
with cell lines. To address this, the protocol was
optimized with HepG2 and hFOB/ER9 cell lines.
Hepatic carcinoma cells express high levels of
ALP compared to fetal cells as shown in Figure
5. The results presented here clearly show that
ALP activity was not affected by this newly modified and optimized protocol for ALP estimation
from cell culture model systems. The advantages of this method are less labor-intensive, cost
effective, fast and more importantly estimation
in single tube to minimize experimental errors.
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Limitation and conclusion
The main limitation was the optimization of the
protocol in only limited number of cell lines.
Also, the enzyme kinetics (at different time period) was not performed due to limited availability of funds and resources.
To conclude, the modified protocol presented
here is more efficient, economical, fast and
consistent method to estimate ALP activity and
protein concentration in a single tube for cultured cells.
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Assay of ALP activity in cellular model systems
Objective: Determination of cellular ALP activity directly in 96 well microtiter plate.
Principle of the method: Addition of 2-amino 2-methyl 1-propanol (AMP) buffer to the cells releases cellular content including genomic DNA, proteins and enzymes. Alkaline phosphatase in the cell lysate
converts paranitrophenyl phosphate (PNPP) present in the AMP buffer to yellow colored paranitrophenol
(PNP) at pH 10.5 which is read at 410 nm. At the end of incubation, just before stopping the enzyme
activity with NaOH, HCl is added to 0.2 N. The addition of HCl to the cell lysate causes depurination of
DNA and further fragmentation of DNA is induced when NaOH is added. This results in complete loss of
viscosity due to the released genomic DNA, making it easier to pipette out an aliquot of the reaction
content - after taking the spectrophotometric reading of ALP assay - for direct protein estimation by
Bradford assay. Finally the ALP activity in the cells is expressed as µmols of PNP produced/min/mg of
protein. All standards are set up the same way as the tests for both ALP and protein estimations.
Reagents:
a) AMP (2-amino 2-methyl 1-propanol) buffer pH 10.5: Add 11.6 mL of AMP to 60 mL of distilled water
and adjust the pH to 10.5 with 6 N HCI. The final volume is made up to 100 mL with distilled water. This
can be stored at 4°C for 6 months.
b) PNPP (paranitrophenyl phosphate) substrate: The substrate solution (2 mg/mL) is made in AMP buffer and prepared freshly before use.
c) HCl: 6 N
d) Neutralised HCl: To 6 mL of 6 N HCl, 3.6 mL of 10 N NaOH is added
e) NaOH: 1 N & 10 N
f) Standard PNP (paranitrophenol) stock solution (10.8 mmol/L): To 8 mL of 1 N NaOH, 15 mg of PNP
is dissolved and made up to 10 mL. To be stored in a brown glass bottle at ambient temperature.
g) Working PNP (54 µmol/L): To 0.995 mL of 1 N NaOH solution, 0.005 mL of the PNP stock solution is
added. To be prepared freshly before use.
h) Bradford reagent: Dissolve 100 mg Coomassie Brilliant Blue G-250 in 50 ml 95% ethanol and then
add 100 ml 85% (w/v) phosphoric acid. Once the dye has completely dissolved, dilute to 1 liter with
deionised water and filter through Whatman #1 paper. The Bradford reagent is also available
commercially.
i) Stock BSA (bovine serum albumin) solution (10 mg/mL) in 0.15 M NaCl: To ensure homogenous solution, let it stand at ~25°C for several hours, with intermittent gentle shaking, before using it to make the
working standard.
j) Working BSA standard solution (200 µg/mL): The stock BSA solution is diluted 50X in 0.15 M NaCl.
k) ALP assay reagent blank for setting up BSA standards: Mix 0.100 mL of PNPP substrate in AMP buffer, 0.006 mL of 6 N HCl and 0.104 mL of 1 N NaOH
l) Equipment and plastic ware: Microplate reader, 96 well plates.
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A. Schematic Presentation of ALP activity determination in cells.
Approximately 1×104 cells (or as required) per well are plated in a 96 well plate
↓
Cells to be maintained/treated as per requirement, in triplicates, along with appropriate controls
↓
To the wells containing only cells (after removing media) 0.1 mL of AMP buffer containing
PNPP substrate is added. Addition of AMP results in cellular lysis.
↓
Incubate at 37°C for 15 minutes
↓
Add 0.006 mL of 6 N HCl and mix the contents by briefly swirling the plate.
↓
Quickly add 0.104 mL of 1.0 N NaOH which insures the termination of ALP activity
as well as neutralization of HCl
↓
Measurement at 405 nm in a microplate reader
Setting up PNP standards: Standards are also set up in triplicates in microtiter plate and read at 405
nm.
Standards*
Working PNP solution (mL)
1 N NaOH solution (mL)
AMP buffer (mL)
Neutralized HCl (mL)
PNP amount (µmol)

S1
0.010
0.090
0.100
0.01
0.54×10-3

S2
0.020
0.080
0.100
0.01
1.08×10-3

S3
0.040
0.060
0.100
0.01
2.16×10-3

S4
0.060
0.040
0.100
0.01
3.24×10-3

S5
0.080
0.020
0.100
0.01
4.32×10-3

S6
0.100
0.000
0.100
0.01
5.4×10-3

Total volume of standards**: 0.210 mL.
Setting up ALP assay of test samples:
Test samples
AMP buffer (mL)

T1
T2
T3
0.100
0.100
0.100
(Incubate at 37°C for 15 minutes)
6 N HCl (mL)
0.006
0.006
0.006
Mix by briefly swirling and immediately followed by addition of 1 N NaOH
1 N NaOH solution (mL)
0.104
0.104
0.104

Total volume of ALP assay mix of tests**: 0.210 mL
*PNP quantities in standards should be optimized such that test results are within the range of
standards
**Total volume and reagent composition of PNP standards and tests should be same thus obviating the
need for reagent blank
ALP activity in test (nmol/min) (A) =

Test absorbance X Standard PNP amount
Standard absorbance X 15

For expressing the specific activity of ALP of individual samples, a small aliquot of the ALP assay mix is
assayed for protein content by Bradford’s method as given below.
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B. Flow chart for protein estimation by Bradford assay
A small aliquot (10-50 µL) of ALP assay mix (cell lysate) is added to the wells of a fresh plate
↓
Bradford Reagent (250 µL) is added to the wells containing the ALP assay mix
↓
The blue color developed is measured at 595 nm in a microplate reader
Setting up BSA standards: In place of cell lysate same volume of ALP assay reagent blank is used
BSA Standards*
Working BSA (200 µg/mL) (mL)
0.15 N NaCl (mL)
ALP assay reagent blank (mL)
Bradford Reagent (mL)
BSA amount (µg)

S1
0.0025
0.0475
0.010
0.250
0.5

S2
0.005
0.0450
0.010
0.250
1.0

S3
0.0075
0.0425
0.010
0.250
1.5

S4
0.010
0.040
0.010
0.250
2.0

S5
0.0125
0.0375
0.010
0.250
2.5

S6
0.0150
0.035
0.010
0.250
3.0

Total volume of standards = 0.310 mL**
Setting up Bradford assay of tests:
Test Samples
ALP assay mix (mL)
0.15 N NaCl (mL)
Bradford Reagent (mL)

T1
0.010
0.05
0.250

T1
0.010
0.05
0.250

T3
0.010
0.05
0.250

Total volume of tests = 0.310 mL**
*BSA standard quantities and the test aliquot volumes used for protein estimation should be optimized
such that test results are within the range of standards
**Total volume and reagent composition of BSA standards and tests in the Bradford assay should be
same
Protein quantity (mg) in total cellular lysate (B) =

Test absorbance X Standard BSA amount (ng) X 210
Standard absorbance X 10 X 1000

Finally the ALP activity of the cells in the micro plate wells is presented after normalizing across the wells
with respect to the protein content of the lysates
ALP activity Units/mg of protein in test =
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A [ALP activity (units) in test (nmol/min)]
B [Protein quantity (mg) in total ALP assay mix]

