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Abstract

Phosphorylation of nucleic acids is an indispensable process to repair strand interruption
of nucleic acids. We have studied the process of phosphorylation using molecular beacon (MB)
DNA probes in real-time and with high selectivity. The MB employed in this method is devised
to sense the product of a “phosphorylation-ligation™ coupled enzyme reaction. Compared with
the current assays, this novel method is convenient, fast, selective, highly sensitive and capable
of real-time monitoring in a homogenous solution. The preference of T4 polynucleotide kinase
(T4 PNK) has been investigated using this approach. The results revealed that a single-stranded
oligonucleotide containing guanine at the 5' termini is most preferred, while those utilizing
cytosine in this location are least preferred. The preference of (T)y was reduced greatly when
phosphoryl was modified at the 5' end, implying that T4 PNK could discern the
to an enhancement in preference. A fast and accurate method for assaying the kinase activity of
T4 PNK has been developed with a wide linear detection range from 0.002 to 4.0 Unit/mL in 3
minutes. The effects of certain factors such as NTP, ADP, (NH4),SO, and Na;HPO, on
phosphorylation have been investigated. This novel approach enables us to investigate the
interactions between proteins and nucleic acids in a homogenous solution, such as those found in

DNA repair or in drug development.
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Introduction
The phosphorylation of the 5-hydroxyl termini of nucleic acids plays an important role in
nucleic acid metabolism and is indispensable to for the repair of nucleic acids during strand
interruption.” The nucleic acids lesions caused by some endogenous or exogenous agents, such
as nucleases, as well as ionizing radiation and chemical agents, usually possess 5'-hydroxyl

termini. These situations lead to the failure of 5'-phosphate termin dependent repair, yepair |

polynucleotide kinase was discovered over 30 years ago, the T4 polynucleotide kinase was found
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radical isotope *’P-labeling, (denature) PAGE, and autoradiography are used to assay the

process using molecular beacon DNA probes with high sensitivity, excellent selectivity and

selectivity and excellent sensitivity.”** MBs have been used in the investigation of genetic
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Material and Methods

Oligonucleotides and Reagents

The molecular beacons and oligonucleotides were synthesized by Dalian Takara Bio Inc.

purchased from the same company. Please see the unit definition of these enzymes in the
supporting information. The index and sequences of the MBs and oligonucleotides are listed in

Table 1.

Sampling and fluorescence measurement

1.0 mM ATP, while the E. coli DNA ligase buffer was composed of 50 mM Tris-HCI (pH 8.0),
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samples were incubated at 37°C with the sequential addition of 1.4 Units of T4 DNA ligase and

3.0 Units of T4 polynucleotide kinase.

The solution for measuring the selectivity of this approach contained 200 M MB1 and 300 ,///: E E::::Z ::/aell %
nM Oligo A in E. coli DNA ligase buffer or T4 DNA ligase buffer. The oligonucleotides
inspected in this experiment were Oligo B to Oligo E and OligoH to Oligo M, and each of them
were mixed into the sample at a concentration of 300 nM. 25 Units of E. coli DNA ligase (or 1.4
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Results and Discussion
Real-time Monitoring of Nucleic Acids Phosphorylation
The fluorescence enhancement of MB1 with cDNA is about 28 times higher than MB1 with

MBL1 has high sensitivity to distinguish oligos before/after ligation upon hybridizing with them.
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As illustrated in Figure 2 (Left), after the addition of T4 DNA ligase and T4 polynucleotide
kinase, there was no fluorescence change in curves A and C (corresponding to samples A and C
affected by the T4 DNA ligase and T4 polynucleotide kinase. The only factor that could affect
the conformation of MB1 altering its fluorescence was the presence of the target cDNA

hybridizing with MBL1.

In sample B, which is represented by curve B_(Figure 2) after the addition of T4 DNA ligase,
the fluorescence did not change. After the addition of T4 polynucleotide kinase, the fluorescence
was enhanced rapidly, implying MB1’s hybridization with the target oligo. According to the

mechanism demonstrated in Figure 1, a “phosphorylation and ligation” enzyme coupled reaction
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High Selectivity for Substrates

were designed to be non-complementary and un-hybridizable to, MB1. They were introduced

into the phosphorylation samples based on E. coli DNA ligase or T4 DNA ligase. The results
were normalized by data from OligoB and listed in Figure 3 (data for Oligo | to Oligo M not

shown).
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In Figure 3, the phosphorylation rates of Oligo B, Oligo C, Oligo D, Oligo E and Oligo H with

E. coli DNA ligase are [1.00, 0.005, 0.006, 0.005 and 0.000 respectively, while the data of
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solutions. The preference of T4 PNK has been studied in detail, and the effects of a few external
factors on phosphorylation have been investigated. The monitoring of the oligonucleotide

dephosphorylation processes and exchange reactions could also be studied, which would enable

nucleic acids in homogenous solutions, such as DNA repair, or drug research and development.
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Table 1. Molecular beacon and target oligonucleotide sequences.

Index Sequence (5’ to 37)
MBI (TMR)-CCTCTC CGTGTCTTGTACTTCCCGTCA GAGAGG-
(DABCYL)
cDNA GACGGGAAGTACAAGACAC
Oligo A p-GACGG GAAG
Oligo B TACAA GACAC
Oligo C CACAA GACAC
Oligo D AACAA GACAC
Oligo E GACAA GACAC
Oligo F p-TACAA GACAC
Oligo G p-TTTTTTTTTT
Oligo H TTTTTTTTTT
Oligo | GTTTTTTTTT
Oligo J ATTTTTTTTT
Oligo K CTTTTTTTTT
Oligo L TTTTTTT
OIigOM TTTTTTTTTTTTTTTI

The stem part of MB1 was spell out in bold characters. The p in Oligo A, Oligo F and Oligo G
represented the phosphate at 5 end.
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and C represent the time courses of samples A, B and C, respectively. At time t1, T4 DNA ligase
was added into the samples, while at time t2, T4 polynucleotide kinase was added. (Right) Time
courses of real time monitoring of the phosphorylation process catalyzed by various
concentrations of T4 polynucleotide kinase (in Unit/mL). T4 polynucleotide kinase was added at
time t0.
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