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[Abstract] Steady state kinetic assays have been a reliable way to estimate fidelity of several
polymerases (Menendez-Arias, 2009; Rezende and Prasad, 2004; Svarovskaia et al., 2003).
The ability to analyze the extension of primers with specific mismatches at the 3ʹ end is a major
strength of the mismatched primer extension assays. Recently, we used the mismatched
primer extension assays to show that the fidelity of HIV RT increases dramatically when
concentration of Mg

2+

is reduced to a physiologically relevant concentration (~0.25 mM)

(Achuthan et al., 2014). Here, we describe in detail how to perform the mismatched primer
extension assay to measure the standard extension efficiency using human immunodeficiency
2+

virus reverse transcriptase (HIV RT) at 2 mM Mg . The relative fidelity of the polymerase can
then be estimated using the standard extension efficiency. The assay described here is based
on the method published in Mendelman et al. (1990).

Materials and Reagents
1. Deoxynucleoside triphosphate (Roche Diagnostics, catalog number: 11969064001)
32

2. Gamma [γ- P] ATP (PerkinElmer, catalog number: Blu502A001MC)
3. G-25 Macro spin columns (best suited for volumes of 75-150 μl) (Harvard Apparatus,
catalog number: 74-3901)
4. 40% Acrylamide-Bisacrylamide (19:1) solution (VWR International, catalog number:
JT4969-0)
5. T4 polynucleotide kinase (PNK) (New England Biolabs, catalog number: M0201L)
6. 10X T4 polynucleotide kinase buffer (New England Biolabs, catalog number: B0201S)
7. Urea (VWR International, catalog number: 97061-926)
8. Ammonium Persulfate (VWR International, catalog number: 97064-594)
9. HIV Reverse Transcriptase, purified as described in Hou et al. (2004)
10. DNA oligonucleotides from Integrated DNA Technologies
a. Template:
5'-GGGCGAATTTAG[G/C]TTTTGTTCCCTTTAGTGAGGGTTAATTTCGAGCTTG
G-3’. The underlined nucleotides in brackets indicate that templates with either a
G or C at this position can be used depending on the type of mismatch examined.
b. Primer:
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5ʹ-TAACCCTCACTAAAGGGAACAAAAX-3ʹ. “X” at the 3ʹ end of the primer
denotes A, T, or C depending on the mismatch examined. “X” in the case of a
matched primer is G.
11. 1 M MgCl2
12. Extension reaction buffer (see Recipes)
13. 2x loading dye (see Recipes)
Equipment
1. Eppendorf tubes
2. Micropipette
3. Table top centrifuge
4. Incubator
5. Gel apparatus
Software
1. Sigmaplot Version 10.0 (Sysstat Software)
Procedure
1. Primer labelling
a. All the primers should be first radiolabelled in 50 µl of 1x PNK buffer along with 50
32

pico moles of each primer, 10 μl of [γ- P] ATP and 5 units of PNK.
Note: The reaction mixture was incubated for 30 min at 37 °C and the PNK was
heat inactivated for 15 min at 65 °C.
b. G-25 spin columns were incubated with 500 µl dH2O for 15 min to equilibrate the
column and the water was removed by spinning the columns at a table top
centrifuge at 5,000 rpm for 4 min.
c.

32

After heat inactivation, the excess [γ- P] ATP was removed from the reaction
mixture by loading it onto an equilibrated column and spinning at 5,000 rpm for 4
min.

2. Matched primer extension reactions
To obtain information about the standard extension efficiency, extension of matched as
well as mismatched primers should be performed. The standard extension efficiency
can then be calculated as the ratio of efficiency of extending mismatched primers to
efficiency of extending matched primers.
a. Eight matched primer extension reactions were set up. For each reaction, 14 nM
of the radiolabeled primer was hybridized to 14 nM of the template (1:1 ratio of
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primer:template) in 7 μl of the extension reaction buffer. The mixture was heated at
65 °C for 5 min and then slowly cooled to room temperature.
b. The hybrid was then incubated for 3 min at 37 °C in the reaction buffer along with
2 μl of 10 mM MgCl2 (final concentration of 2 mM MgCl2) and 2 μl of the nucleotide
substrate (concentration varies for each reaction, see below) for each reactions.
The nucleotide substrate is the next correct nucleotide to be added and it depends
on the template used in the reactions.

For this particular template, dCTP was the

substrate (Figure 1). For matched primer extension reactions, the eight reactions
had a final concentration of dCTP in the order of 0, 0.02, 0.04, 0.1, 0.2, 0.3, 0.6
and 1 μM respectively.

Figure 1. Constructs used in mismatched primer extension assays. The
sequence of the DNA templates is shown at the bottom and the sequence of the
primer at the top. The underlined nucleotides show the only differences between the
two templates.
c.

The extension was then initiated by addition of 2 μl of 13 nM HIV RT (2 nM final
concentration). The total reaction volume was 13 μl.

d. After 2 min, reactions were terminated by addition of 13 μl of 2x loading dye.
Note: Reactions were run only for 2 min to ensure the primer is extended by only
one nucleotide.
e. The reaction products were then electrophoresed on 16% denaturing 7 M
urea-polyacrylamide gels, dried, and imaged using a Fujifilm FLA5100
phosphorimager.
Note: The samples were run far enough to separate the extended band from the
primer band (Figure 2).
3. Mismatched primer extension reactions
a. For mismatched primer extension reactions, a different radiolabeled primer,
depending on the mismatch analyzed (Figure 1), is used. Primer-template hybrids
were made as described above.
b. Eight individual reactions were set up. 7 μl of primer-template hybrids was
incubated at 37 °C in the reaction buffer for 3 min along with 2 μl of 10 mM MgCl 2
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(final concentration of 2 mM MgCl 2) and 2 μl of the nucleotide substrate. The total
reaction volume was 13 μl.
Note: Mismatched primer-template sequences require more substrate for
extension than matched primer-template sequences. So, the eight reactions had a
final concentration of dCTP in the order of 0, 50, 100, 200, 400, 630, 1,200 and
1,870 μM respectively (Figure 2).
c.

Extension was initiated by addition of 2 μl of 13 nM HIV RT.

d. After 5 min of extension, the reactions were terminated by addition of 13 μl of 2x
loading dye and the extension products were processed on a 16% denaturing
polyacrylamide gel as described above. The gel was run at 75 Watts for 90 min.

Figure 2. Representative data for the mismatched primer extension assay. Primer:
template hybrid used here had a C.A mismatch at the 3ʹ terminus. Concentration of
dCTP used in each of the lanes (left to right): 0, 50, 100, 200, 400, 630, 1,200 and
1,870 μM.
4. Calculation of standard extension efficiency
a. Velocity measurements were performed according to Mendelman et al. (1990).
Velocity (

rel)

of extending each primer by one nucleotide was calculated

according to the formula:
where

,

is the intensity of the extended band,

is the intensity of the primer

band, and t is the time of extension.
b.

rel

(percentage of primer extended per minute) was then plotted against [S],

where [S] is the concentration of the substrate (dCTP) used in the reaction (Figure
3).
Note: These curves are typical of Michaelis-Menten kinetics curves.
c.

The values of Vmax and Km were obtained by curve-fitting. The data were fitted to a
“Single rectangular 2-parameter hyperbola equation” using the Sigmaplot
software.
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d. The constant “a” obtained after curve fitting corresponds to the V max and “b”
corresponds to the Km for this extension. Vmax and Km values were individually
determined for both matched and mismatched primer extension reactions.
e. The standard extension efficiency,

, was calculated as the ratio of
.

Figure 3. Representative graph for the mismatched primer extension assay.
Primer:template hybrid used here had a C.A mismatch at the 3ʹ terminus. V max and Km
were determined by fitting the points to a “Single rectangular 2-parameter hyperbola
equation” using the Sigmaplot software.
Recipes
1. Extension reaction buffer (50 ml)
1 M Tris HCl (pH 8)
3 M KCl
1 M DTT
RNase free water

25 ml
13.3 ml
1 ml
10.7 ml

2. 2x loading dye (10 ml)
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50 mM Tris HCl (pH 6.8)

500 μl

100 mM DTT

1 ml

2% SDS

2 ml

0.05% Bromophenol blue

500 μl

10% glycerol

1 ml

RNase free water

5 ml
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