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Introduction

Alkaline phosphatases are phosphomonoesterases
that remove phosphates from DNA or RNA at
alkaline pHs (>8) (1,2). They are used to dephos-
phorylate the 5´ ends of DNA for radiolabeling
with T4 polynucleotide kinase or to prevent self-
ligation of vector DNA during cloning(figure 1).
Ligation of DNA requires a 5´ phosphate (1,2) on
one of the ends to be ligated together. Therefore,
dephosphorylated vector DNA cannot self-ligate
while a DNA insert, containing phosphates on 
the 5´ termini, can be efficiently ligated into the 
vector. So dephosphorylation of vector DNA 
lowers the number of vector self-religation back-
ground colonies. Alkaline phosphatases also
remove 5´ phosphates from RNA (3) and 3´ phos-
phates from DNA (4). Additionally, calf intestinal
alkaline phosphatase can be used to dephos-
phorylate proteins (5). 

Two commonly used alkaline phosphatases are
calf intestinal alkaline phosphatase (CIAP) and
bacterial alkaline phosphatase (BAP). A geneti-
cally engineered, mutant BAP called tempera-
ture sensitive alkaline phosphatase (TsAP) with
40 times higher activity than BAP, was devel-
oped with the advantage of being heat inacti-
vated at 65°C in the presence of EDTA (6). The
enzymes are compared in table 1.

In this bulletin, two protocols for DNA dephos-
phorylation are given. The Traditional Protocol
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FIGURE 1. Scheme for vector dephosphorylation and
insert ligation.
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employs the reaction buffer supplied with the
enzyme, purified DNA, and a minimal amount
of enzyme. The Simplified Protocol is the result
of a series of experiments (see Additional Infor-
mation) which allow a stream-lined protocol that
can use unpurified DNA directly from a restric-
tion digestion.



Unit Definitions
(1 pNPP unit ≈ 5,270 ATP units)

CIAP: One unit hydrolyzes 1 µmol of 4-nitro-
phenyl phosphate in 1 min at 37°C.

BAP: One unit hydrolyzes 1 nmol ATP in 
30 min at 37°C.

TsAP: One unit hydrolyzes 1 µmol of 4-nitro-
phenyl phosphate in 1 min at 37°C.

Materials

In addition to the enzyme and DNA, the 
following reagents are required for the protocols
described below:

Dephosphorylation Protocol:
water bath (37°C to 65°C)
1.5-ml microcentrifuge tubes
autoclaved distilled water

For Inactivation/Removal of Enzyme:
(depends on method used)

TE buffer [10 mM Tris-HCl (pH 8.0),
1.0 mM EDTA]

0.5 M EDTA (pH 8.0)
buffer-saturated phenol:chloroform:isoamyl 

alcohol [25:24:1 (v/v/v)]
3 M sodium acetate
100% ethanol
microcentrifuge capable of 15,000 × g
CONCERT™ Rapid PCR Purification System
CONCERTGel Extraction Systems

Table 2

Size of µg DNA/ No. of pmol 
Fragment (kb) 1 pmol of ends ends/µg DNA

0.1 kb 0.033 30.30

0.5 kb 0.17 6.06

1 kb 0.33 3.03

2 kb 0.66 1.52

2.7 kb (linearized pUC DNA) 0.89 1.12

4.1 kb (linearized pSPORT I DNA) 1.35 0.74

5 kb 1.64 0.61

10 kb 3.30 0.30

Table 1

ENZYME PROPERTY CIAP BAP TsAP

Molecular Weight 140 kDa 95 kDa (dimer) 95 kDa (dimer)
48 kDa (monomer) 48 kDa (monomer)

Source Calf intestines Periplasmic space of E.coli Expressed as a recombinant 
protein in E.coli

REACTION CONDITION CIAP BAP TsAP

Reaction temperature 37°C (5´ overhang) 65°C 37–65°C
50°C (blunt ends or 5´ recessed)

Reaction time (Traditional) 0.5 h (5´ overhang) 1 h 15 min 
1 h (blunt, 5´ recessed)

Optimal pH Range 9.4–10.5 8.0 –9.5 9.4–10.5

Metal ion requirement (Catalytic) — — Mg2+

Heat Inactivation Yes, with EDTA No Yes, with EDTA
65°C, 15 min 65°C, 15 min

TABLE 1. Comparison of alkaline phosphatases.

TABLE 2. Picomole equivalents for a microgram of different
size DNAs.

Calculating picomoles of ends of DNA

Use the following calculation and the information
in table 2 to calculate the mass of DNA/pmol of
DNA ends:

moles of ends of dsDNA fragment =
2 × (g of DNA)/[molecular mass of DNA(Da)]

or

moles of ends of dsDNA fragment =
2 × (g of DNA)/[(number of bp) × (660 Da/bp)]



Protocols for Inactivation/
Removal of Enzyme

Heat Inactivation (for CIAP or TsAP)
1. Note the MgCl2 concentration in the reaction and

add EDTA (pH 8.0) to an equal final concentration.
2. Incubate the reaction at 65°C for 15 min.

Organic Extraction
1. Add an equal volume of phenol:chloroform:isoamyl

alcohol (25:24:1). Vortex thoroughly and centrifuge
at room temperature for 5 min at 14,000 × g to sepa-
rate the phases.

2. Carefully remove the upper, aqueous layer and
transfer it to a fresh microcentrifuge tube. 

3. Add 0.1 volumes of 3.0 M sodium acetate. Vortex.
Add 2.5 volumes of 100% ethanol. (Do not substi-
tute ammonium acetate for sodium acetate since
ammonium ions inhibit T4 polynucleotide kinase).

4. Vortex the mixture thoroughly and centrifuge at
room temperature for 15 min at 14,000 × g. 

The CONCERT Rapid PCR Purification System can be
used as an alternative to organic extraction to remove
the alkaline phosphatase.

CONCERT Gel Extraction Systems
Following electrophoresis of dephosphorylated DNA
on an agarose gel, use the protocols supplied with the
CONCERTGel Extraction Systems to purify the DNA.

Traditional Protocol for 
Dephosphorylation of DNA

This protocol dephosphorylates 1 pmol of 5´
DNA termini from purified DNA. DNA dephos-
phorylated by this protocol is suitable for cloning
or for labeling by T4 polynucleotide kinase using
the Forward Reaction. 

1. Determine the mass of DNA required for 1pmol
of the type of DNA 5´ ends from table 2.

2. To a 1.5-ml microcentrifuge tube, add 4 µl of
the appropriate 10X alkaline phosphatase
reaction buffer and 1 pmol of DNA ends. For
TsAP, add MgCl2 so the final concentration is
5 mM.

3. Add autoclaved, distilled water to 39 µl.

4. Dilute the enzyme in dilution buffer (see for-
mulas in Additional Information) so 1 µl con-
tains the amount of enzyme in the table below
and add to reaction.

5. Incubate the reaction as follows:

6. Inactivate or remove the alkaline phosphatase
(see protocols below).

Simplified Protocol for the 
Dephosphorylation of Vector DNA

This protocol allows you to dephosphorylate
DNA directly in restriction endonuclease buffer 
in the presence of the restriction endonuclease by
adding more alkaline phosphatase. This is a con-
venient way to prepare DNA for cloning (see
Additional Informationfor data used to determine
this protocol).

1. Restriction endonuclease digest the vector
DNA. (NOTE: Heat inactivation of the restric-
tion endonuclease and subsequent purification
of the DNA vector are not necessary). 

2. Add 1 µl of alkaline phosphatase to the restric-
tion endonuclease digest. (150 units of BAP,
1 unit of CIAP, and 1 unit of TsAP.)

3. Incubate the reaction as follows:

(NOTE: For TsAP, the reaction is performed at
65°C instead of 50°C, because DNA dephospho-
rylated at 50°C in the Simplified Protocol did not
perform well in cloning experiments.)

4. Inactivate or remove the alkaline phosphatase
(see protocols below).

CIAP (units) BAP (units) TsAP (units)

5´ Recessed 1 70 0.2 

Blunt 1 70 0.2 

5´ Overhang 0.01 70 0.02 

CIAP BAP TsAP

Temperature 37°C 65°C 50°C
(5´ overhangs)
50°C (blunt or 

5´ recessed ends)

Time 0.5 h 1 h 15 min
(5´ overhangs) 

1 h (blunt or 
5´ recessed ends)

CIAP BAP TsAP

Temperature 37°C 65°C 65°
(5´ overhangs)

50°C (blunt or 
5´ recessed ends)

Time 5 min 1 h 15 min



with cloned enzymes and was not manufacturer
specific. Inhibition was overcome by the addition
of excess alkaline phosphatase (1 unit CIAP,
1 unit TsAP, and 150 units BAP) (figure 2). The
efficiency of dephosphorylation was also mea-
sured by the decrease in the ability to transform
bacterial cells after religation (7). These results
suggest that in most cases the purification of
DNA after restriction endonuclease digestion is
not necessary prior to dephosphorylation. 

Effect of Excess Enzyme
Dephosphorylation protocols suggest the use of
minimal amounts of alkaline phosphatase based 
on the calculated of picomole of ends of DNA.
More often than not, to use this amount of
enzyme, it needs to be freshly diluted. To avoid
dilution however, some researchers prefer to add 
1 µl of the enzyme (excess enzyme) to the reaction.

The use of 1 µl of BAP, TsAP, and CIAP did not
affect the cloning efficiency while maintaining
complete dephosphorylation. Furthermore, the
integrity of the ligated termini was confirmed by
successfully digesting isolated mini-prep DNA
with the same restriction endonuclease whose
sites were used to clone the insert. One micro-
liter of BAP, TsAP, and CIAP can correspond to
up to 2 times, 50 times, and 2,800 times the rec-
ommended concentration, respectively. Based on
these results, 1 µl of any of alkaline phosphatase
can be added directly to a pmole of DNA ends to
achieve dephosphorylation of the 5´ ends.

Dephosphorylation During 
Restriction Endonuclease Digest
If you are using CIAP, 1 µl of this enzyme can be
added at the start of the restriction endonuclease
digest (regardless of the 5´ end type) in reactions
that are performed at temperatures < 55°C as
long as the reaction is incubated for 1 h.

Additional Information

Activity of Alkaline Phosphatases 
in Restriction Endonuclease Buffers 
CIAP, BAP, and TsAP were able to dephospho-
rylate 5´ ends generated by restriction endonu-
clease digestion of a purified substrate with or
without restriction endonuclease (AccI, BamH I,
EcoR I, Hinc II; Pst I, Sal I, and Sph I) in the
most commonly used REACT Buffers at 1X con-
centration (table 3). Several of the enzymes
tested have anecdotal accounts of interfering
with subsequent modifications of digested DNA.
The dephosphorylation was 97 to 99% in the
presence of all enzymes except Sal I. The inhibi-
tion of dephosphorylation with Sal I occurred

TABLE 3. Activity of alkaline phosphatases in REACT
Buffers. Dephosphorylation was measured by the inability of
the DNA to religate with T4 DNA ligase. Ligated products were
detected by visual inspection on an ethidium bromide-stained
agarose gel. (+) indicates that no religation detected (7).

Table 4

Temperature CIAP BAP TsAP

37°C 100% 100% 100%

50°C 89% 176% 138%

55°C 70% 194% 80%

60°C 34% 231% 58%

65°C 25% 342% 19%

TABLE 4. Activity of alkaline phosphatases at different
temperatures. The activity is reported as a percent of activity
at 37°C for each enzyme. These activity values represent unit
assay activity and may not accurately represent the DNA
dephosphorylation.

FIGURE 2. Effect of Sal I on alkaline phosphatase. pUC19 DNA was digested with Sal I (5´ overhang);
treated with recommended amounts of alkaline phosphatase (panels A and B) or excess alkaline phosphatase
(panels C and D, 1 unit CIAP, 150 units BAP, 1 unit TsAP); purified and religated. Lane C. uncut pUC19;
lane 1, pUC19 digested with Sal I; lanes 2-4, Religated DNA from CIAP, BAP, or TsAP samples, respectively.
Panels A and C were one Sal I supplier and panels B and D were Sal I from a second supplier. 
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Table 3

5´ Overhang 5´ Recessed Blunt end

REACT Buffer

BAP

CIAP

TsAP

Composition of REACT Buffers

Buffer Tris-HCl pH MgCl2 NaCl KCl
(mM) (mM) (mM) (mM)

REACT 1 50 8.0 10 — —

REACT 2 50 8.0 10 50 —

REACT 3 50 8.0 10 100 —

REACT 4 20 7.4 5 — 50

REACT 6 50 7.4 6 50 50

REACT 10 100 7.6 10 150 —

1 2 3 4 6 10

+ + + + + +

+ + + + + +

+ + + + + +

1 2 3 4 6 10

+ + + + + +

+ + + + + +

+ + + + + +

1 2 3 4 6 10

+ + + + + +

+ + + + + +

+ + + + + +



Activity at Different Temperatures
The unit assay conditions for CIAP were used to
measure affect of temperature on activity (table 4).
The percent activity is reported as a relative value
for that particular alkaline phosphatase and values
are not comparable between enzymes. 

Heat Inactivation 
The recommended protocols for inactivation of
alkaline phosphatases vary. Since the major use of
alkaline phosphatase is in cloning, we tested the
efficiency of inactivation procedures under cloning
conditions as in the Simplified Protocol [in the
presence of template DNA, restriction endonucle-
ases, in the REACT Buffer, and using an excess of
enzyme (1 unit for CIAP and TsAP and 70 units
for BAP)]. Of note, CIAP required the addition of
EDTA for complete inactivation(table 5).

Metal Ion Requirements
Alkaline phosphatases require zinc as a cofactor
for structural integrity, not as a catalyst. The zinc
ions are generally associated and co-purified with
the enzyme, therefore no additional zinc atoms are
required in the reaction or during dilution of BAP
or TsAP. However, CIAP requires zinc in the dilu-
tion buffer for enzyme stability. 

In a pNPP unit assay at 37°C, ZnCl2 showed no
effect on CIAP activity from 0.01 to 1.0 mM. In fact,
some inhibition of alkaline phosphatase activity was
seen at concentrations ≥0.5 mM. Additionally, func-
tional assays done with CIAP on restriction endo-
nuclease-digested plasmid showed full activity when
the reaction was done in as low as 0.5 µM ZnCl2.

Although not required for BAP and CIAP, Mg2+ will
stimulate the enzymes (1). Magnesium stabilizes
BAP at 95°C and at 10 mM Mg2+ will increase
CIAP activity 10 times.

Inhibitors
Inhibitors of alkaline phosphatases include phos-
phate ions, nucleotides, phenol, EDTA and 8-hydroxy-
quinoline.

Composition of Reaction Buffers
10X CIAP Reaction Buffer:

500 mM Tris-HCl (pH 8.5), 1.0 mM EDTA

10X TsAP Reaction Buffer:
100 mM Tris-HCl (pH 8.0)

10X BAP Reaction Buffer:
100 mM Tris-HCl (pH 8.0)

Composition of Suggested Dilution Buffers
CIAP Dilution Buffer:

25 mM Tris-HCl (pH 7.6), 1 mM MgCl2,
0.1 mM ZnCl2, 50% (v/v) glycerol.

TsAP Dilution Buffer:
10 mM Tris-HCl (pH 8.0), 1 mM MgCl2,
100 mM NaCl, 0.01 mM ZnSO4,
50% (v/v) glycerol.

BAP Dilution Buffer:
10 mM Tris-HCl (pH 8.0), 120 mM NaCl,
50% glycerol.

Storage and Stability
Each alkaline phosphatase is stable for at least 18
months when stored at –20°C in a nonfrost-free
freezer.
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Table 5

Enzyme Treatment Activity Remaining

CIAP 75°C, 15 min 28%
65°C, 15 min + EDTA 0%

BAP 65°C, 15 min 55%
65°C, 15 min, + EDTA 19%

TsAP 65°C, 15 min + EDTA 2%

TABLE 5. Heat inactivation of alkaline phosphatases. 4 µg 
of pUC19 DNA was digested with 20 units of Pst I in REACT 2 in
30 µl. For each inactivation experiment, 2 µl of this digest was
added to 23 µl of 1X REACT 2 and dephosphorylated by the 
Simplified Protocol. After the incubation, 5 µl of the reaction was
saved on ice for the positive control. 20 µl were heat inactivated
as indicated. Activity was measured in the positive control and the
inactivated samples by the CIAP unit assay.



Troubleshooting

The TECH-LINESM

The TECH-LINE is the Life Technologies Technical
Services help desk, which you can reach by calling
(800) 828-6686, sending a fax to (301) 610-8101,
or an e-mail to info@lifetech.com.

The TECH-LINE is staffed by scientists who can
help you with questions you may have about prod-
uct details, historical information, troubleshooting,
literature references, protocols, or applications
information. TECH-LINE Specialists have access to
computer databases, the Internet, and other refer-
ence material to help answer your questions. And
they attend regular technical briefings with research
and development scientists to learn more about the
new products and technologies.

TECH-ONLINESM

TECH-ONLINE is a “self-serve” electronic source 
of technical information that can be accessed any
time. It is a convenient source of information 
for scientists doing research in molecular biology,
cell biology, cell culture, and immunology. Topics 
include technical product descriptions, trouble-
shooting guides, general and cell-line specific trans-
fection protocols, medium formulations, sequences,
frequently asked questions (FAQs), reference charts,
and technical bulletins.

PROBLEM: INCOMPLETE DEPHOSPHORYLATION

POSSIBLE CAUSE SUGGESTED SOLUTION

•Too low of a pH in the reaction. • Use the suggested reaction buffer for the alkaline
phosphatase.

• In the case of TsAP, the final magnesium • Add magnesium to the reaction.
concentration was not 2 to 10 mM.

• Improper temperature was used. • Use the recommended temperature for each 
alkaline phosphatase.

•A restriction endonuclease was used (i.e., Sal I) • Purify the DNA prior to the alkaline phosphatase 
that needed to be removed by phenol extraction. reaction.

•Not enough alkaline phosphatase. • Use 1 µl of the alkaline phosphatase in the reaction
when using the Simplified Protocol. Otherwise cal-
culate pmol DNA ends and use the recommended 
amount in the Traditional Protocol. 

• Inhibitors present in the reaction. • Purify the DNA prior to the alkaline phosphatase
reaction.

PROBLEM: POOR CLONING EFFICIENCY WITH DEPHOSPHORYLATED VECTOR

POSSIBLE CAUSE SUGGESTED SOLUTION

• Incomplete inactivation of the alkaline phosphatase. • Use the correct inactivation time and temperature.
• Do heat inactivation in the presence of EDTA. 
• Switch to an organic extraction method instead of

heat inactivation or use CONCERTProducts.

• TsAP was used at 50°C in the Simplified Protocol. • For maximum cloning efficiencies, it must be used
at 65°C in this protocol.

PROBLEM: POOR LABELING USING T4 POLYNUCLEOTIDE KINASE

POSSIBLE CAUSE SUGGESTED SOLUTION

• Ammonium ions present. • Use sodium salts in ethanol precipitation of DNA
after dephosphorylation.



Ordering Information
Product Cat. No. Size

Calf Intestinal Alkaline Phosphatase 18009-019 1,000 units (20–30 units/µl)
Supplied with vial of 10X dephosphorylation buffer 18009-027 1,000 units (1 unit/µl)
[500 mM Tris-HCl (pH 8.5), 1 mM EDTA], vial of dilution buffer.

Bacterial Alkaline Phosphatase 18011-015 2,500 units (150 units/µl)
Supplied with vial of 10X dephosphorylation buffer 
[100 mM Tris-HCl (pH 8.0)]

Thermosensitive Alkaline Phosphatase 10534-014 1,000 units (1 unit/µl)
Supplied with vial of 10X TsAP buffer [100 mM Tris-HCl (pH 8.0)] 
and a vial of Stop buffer [200 mM EDTA (pH 8.0)]

Related Products

Distilled Water, DNase/RNase-Free 10977-015 500 ml
10977-023 10 × 500 ml

1 M Tris-HCl, pH 8.0 15568-025 1 L

0.5 M EDTA, pH 8.0 15575-020 4 × 100 ml

Phenol:Chloroform:Isoamyl Alcohol [25:24:1, (v/v/v)] 15593-031 100 ml
15593-049 400 ml
15593-023 4 × 100 ml
15593-015 4 × 400 ml

CONCERTRapid PCR Purification System 11458-015 50 reactions
11458-023 250 reactions

CONCERTRapid Gel Extraction System 11456-019 50 reactions
11456-027 250 reactions

CONCERTMatrix Gel Extraction System 11457-017 150 reactions

Complete Set of REACT Buffers 15461-023 10 × 1 ml
(Consists of one 1-ml vial of each REACTBuffer and 
one 250-µl vial of 10 mM DTT)

U.S. Academic and Government Orders/TECH-LINESM: (800) 828-6686
U.S. Industrial Orders/TECH-LINE: (800) 874-4226
Internet Ordering:www.lifetech.com


