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[Abstract] We previously reported that oxidized nucleotide insertion by DNA polymerase 3 (pol 8) can
confound the DNA ligation step during base excision repair (BER) (Caglayan et al., 2017). Here, we
describe a method to investigate pol $ nucleotide insertion coupled with DNA ligation, in the same
reaction mixture including dGTP or 8-oxo-dGTP, pol § and DNA ligase |. This in vitro assay enables us
to measure the products for correct vs. oxidized nucleotide insertion, DNA ligation, and ligation failure,
i.e., abortive ligation products, as a function of reaction time. This protocol complements our previous
publication and describes an efficient way to analyze activities of BER enzymes and the functional
interaction between pol 3 and DNA ligase | in vitro.
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[Background] This protocol is to observe the last two steps of the BER pathway: nucleotide insertion
by pol B and DNA ligation by ligase |. Using this protocol, one measures both reactions as a function of
time of incubation in the same reaction mixture in vitro. The original entity was to analyze BER
enzymes pol B and DNA ligase | on the single-nucleotide gapped DNA substrate that mimics a BER
intermediate. These BER enzymes bind to and function on this BER intermediate. The DNA substrate
used in this protocol includes a fluorescent label at both 5'- and 3’-ends that enables us to observe
single-nucleotide insertion and DNA ligation of the DNA substrate. The pol B nucleotide insertion
coupled with DNA ligation mimics the hand off or channeling of the nicked DNA intermediate from
nucleotide insertion step to following ligation step during BER pathway. Using this protocol, one is also
able to measure ligation failure, or abortive ligation, after pol B oxidized nucleotide (8-oxo-dGTP)
insertion. This is achieved by quantification of the addition of an adenylate (AMP) group at 5’-end of the
BER intermediate. This protocol can also be used to measure nucleotide insertion coupled with ligation

using other DNA polymerases and DNA ligases.

Materials and Reagents

1. Eppendorf tubes (1.5 ml)
2. Pipette tips (10 pl, 100 ul, 1,000 ul)
3. Deoxyguanosine triphosphate (dGTP) (New England Biolabs, catalog number: N0447S)
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8-ox0-2’-deoxyguanosine-5-Triphosphate (8-oxo-dGTP) (Jena Bioscience, catalog number:
NU-1117L)

DNA substrate: The DNA substrate includes a fluorescent tag at both the 5’- and 3’-ends of one
of the gap-containing strand in the double-stranded DNA with a single nucleotide gap opposite
template base Cytosine (Caglayan et al., 2017)

Note: The sequence information for the DNA substrate is presented in the Notes section of the
protocol.

Tris-HCI (pH 7.5)

Potassium chloride (KCI) (Sigma-Aldrich, catalog number: P9333)

Magnesium chloride (MgClz2) (Sigma-Aldrich, catalog number: M8266)

Adenosine 5’-Triphosphate (ATP) (New England Biolabs, catalog number: PO756S)

. Dithiothreitol (DTT) (Sigma-Aldrich, catalog number: D0632)

. Bovine serum albumin (BSA) (New England Biolabs, catalog number: B9000S)
. Glycerol (Sigma-Aldrich, catalog number: G9012)

. HEPES (pH 7.5)

. Sodium chloride (NaCl)

. EDTA (Sigma-Aldrich, catalog number: 93283)

. Purified enzymes: Recombinant human DNA polymerase B and DNA ligase | (see Recipes and

Figure 2)

Formamide (Sigma-Aldrich, catalog number: F9037)

Bromophenol blue (Sigma-Aldrich, catalog number: B0126)

Xylene cyanol (Sigma-Aldrich, catalog number: X4126)

Trizma-base (Sigma-Aldrich, catalog number: T4661)

Boric acid (Promega, catalog number: H5003)

Urea (National Diagnostic, catalog number: EC-605)

Ammonium persulfate (APS) (Sigma-Aldrich, catalog number: A3678-25G)
Tetramethylethylenediamine (TEMED) (Sigma-Aldrich, catalog number: T9281-25ML)
Sterile water

AccuGel (40%) 19:1 Acrylamide to Bisacrylamide Stabilized Solution (National Diagnostic,
catalog number: EC-850)

Full-range rainbow protein ladder (Amersham™ ECL™ Rainbow™ Marker) (GE Healthcare,
catalog number: RPN80OE)

1x reaction buffer (see Recipes)

1x protein storage and dilution buffer (see Recipes)

Enzyme mixture (see Recipes)

Gel-loading dye (see Recipes)

10x TBE solution (see Recipes)

Denaturing PAGE solution (15%) (see Recipes)

EDTA buffer (pH 8.0) (see Recipes)
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Equipment

1. Pipettes (P2, P10, P20, P100, P200)
2. Table-top heat block (Digital Dry Block Heater, VWR)
3. Polyacrylamide gel electrophoresis (PAGE) apparatus (Biometra, model: Model S2)
4. Typhoon Phosphor Imager (GE Healthcare, model: Typhoon FLA 9500)
Procedure
1. Prepare 10 pl of reaction mixture (final volume) including 1 pl of 10x reaction buffer (1x final

concentration), 2 pl of 1 mM dGTP or 8-oxo-dGTP (200 pM final concentration), and 1 pl of 2.5
UM DNA substrate (250 nM final concentration). Each reaction tube contains 10 pl of the
reaction mixture needed for each time point. (see Recipes)

Preincubate the enzyme mixture including 1 pl of 1 uM pol B and DNA ligase | (100 nM final
concentration) at 37 °C for 3 min. (see Recipes)

Start the reaction by addition of the enzyme mixture, prepared as above, to the reaction mixture,
and pipette up and down to mix the reaction components.

Incubate the reaction mixture at 37 °C for time points of 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, and 15
min.

Quench the reactions with 0.3 mM EDTA. (see Recipes)

Mix the reaction products with an equal volume of gel loading dye.

Heat the reaction samples at 95 °C for 3 min before loading onto the gel, and load 5 pl of
reaction sample.

Separate the reaction products in a 15% polyacrylamide gel containing 8 M urea at 30 mA for
~2 h.

Scan the gel on a Typhoon Phosphor Imager as described (Caglayan et al., 2014; 2015 and
2017).

Data analysis

A sample gel image that shows the products of pol B nucleotide insertion, DNA ligation by DNA

ligase, and ligation failure is presented below (Figure 1). The original results were published in
Caglayan et al. (2017).
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Figure 1. Time course-dependent changes in the products of nucleotide insertion and
DNA ligation in a coupled BER assay in vitro. Lane 1 is a minus enzyme control, lanes 2-12
are the reaction products of dGTP insertion and ligation, and lanes 13-23 are the reaction
products of 8-0xo-dGTP insertion, ligation and ligation failure. The reaction time points
corresponding to lanes 2-12 and 13-23 are 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, and 15 min. The sizes
of DNA substrate for insertion and ligation are 18- and 16-mer, respectively. The sizes of the
reaction products for dGTP or 8-0x0-dGTP insertion and ligation are 19- and 35-mer,

respectively. The size of the abortive ligation product is 16-mer plus an adenylate (AMP) group
(~17-mer).

Representative gel images (Figure 2) illustrate the purity of the human recombinant enzymes,
DNA polymerase 8 (38 kDa) and DNA ligase | (101 kDa). The procedure for the purification of
these enzymes was published previously (Beard and Wilson, 1995 and Chen et al., 2006).
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Figure 2. Photographs of SDS-PAGE analyses for the purified enzymes used, human
recombinant DNA polymerase B (A) and human recombinant DNA ligase | (B). In both
panels, lane 1 represents the marker protein ladder. Lanes 2-4 (in panel A) and lanes 2-6 (in
panel B) are serial dilutions of pol § and ligase |, respectively.
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Notes

1. After preincubation of the enzyme mixture including pol 3 and DNA ligase |, the reaction should
be immediately started by mixing this enzyme mixture into the reaction tube including 1x
reaction buffer, ANTP, and DNA substrate. In addition, the enzymatic activities are determined
with the substrate in excess over enzyme, under steady-state conditions.

2. The oligonucleotides (Integrated DNA Technologies, IDT) below are used to construct a
double-stranded DNA substrate, including a single-nucleotide gap in one strand (Caglayan et
al., 2017). FAM indicates a fluorescent label at 5'- or 3'-end of the upstream or downstream
oligonucleotide.

Upstream oligonucleotide: FAM-5'-AACATGGGCGGCATGAAAT
Downstream oligonucleotide: AATGCCCATCCTCACCA-3'-FAM
Template oligonucleotide: 3'-TTGTACCCGCCGTACTTTACTTACGGGTAGGAGTGGT-5'

Recipes

1. 1xreaction buffer
50 mM Tris-HCI (pH 7.5)
100 mM KCI
10 mM MgClz
1 mMATP
1mMDTT
100 ug/ml BSA
10% glycerol
2. 1x protein storage and dilution buffer
50 mM HEPES (pH 7.5)
100 mM NacCl
1 mM EDTA
0.1% BSA
20% glycerol
3. Enzyme mixture
1 mg/ml DNA polymerase 3
0.5 mg/ml DNA ligase |
Prepare 1 uM dilutions for each enzyme in the dilution buffer above
4. Gel-loading dye
95% formamide
20 mM EDTA
0.02% bromophenol blue

0.02% xylene cyanol
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5. 10x TBE solution
108 g Tris-base
55 g boric acid
40 ml 0.5 M EDTA
dH2OuptollL

6. Denaturing PAGE solution (15%)
40 g urea
8 ml 10% TBE solution
10 ml dH20
250 ul 10% APS
35 yl TEMED

7. EDTA buffer (pH 8.0)
10 mM Tris-HCI
1 mM disodium EDTA
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