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[Abstract] UV cross-linking assay is a standard method used to detect protein-RNA interaction.
This method takes advantage of UV irradiation to trigger the formation of the covalently bonded
RNP (ribonucleoprotein) complex that is more stable and makes it possible to be isolated in the
denaturing conditions. Briefly,

32

P-labeled RNA probe and proteins are incubated to form RNP

complexes spontaneously; the mixture is then exposed to UV irradiation, followed by treatment
with ribonuclease to remove RNA fragments not covalently bound to protein. The
oligoribonucleotide-protein complexes are analyzed by SDS-PAGE, and the signals visualized by
phosphorimaging. Competitive UV cross-linking assay is a method to determine the protein
binding sites and specificity on the RNA substrate. In this assay, the excessive amounts of
unlabeled competitor RNA are pre-incubated with the proteins prior to the addition of

32

P-labeled

RNA probe. If the competitor RNA comprises the protein binding region, the bindings between
proteins and RNA probes will be competed and the radioactive binding signals will be reduced.

Materials and Reagents

1. Purified recombinant protein or cell extract
2. RNase inhibitor (Promega Corporation, catalog number: N251B)
3. BSA (Sigma-Aldrich, catalog number: A7906)
®

4. Yeast total RNA (Life Technologies, Ambion , catalog number: AM9260G)
5. Tween 20 (AM7118)
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6. RNase A (Sigma-Aldrich, catalog number: R4875)
7. RNase T1 (Epicentre Biotechnologies, catalog number: NT09100K)
8. Materials for SDS-PAGE
9. Transcription optimized 5x buffer (Promega Corporation, catalog number: P118B)
®

10. Recombinant RNasin Ribonuclease Inhibitor (20 unit) (Promega Corporation, catalog
number: N251B)
11. RNase-Free DNase (1 unit) (Promega Corporation, catalog number: M610A)
32

12. [α- P] UTP (50 μCi at 10mCi/ml) (IZOTOP)
13. Illustra MicroSpin G-50 Column (GE Healthcare Life Sciences, catalog number:
GE-27-5330-02)
14. T7 RNA Polymerase (20 unit) (Promega Corporation, catalog number: P207B)
15. DTT (Promega Corporation, catalog number: P117B)
16. Bromphenol blue
17. β-Mercaptoethanol
18.

32

P-labeled RNA probe (see Recipes)

19. 4x binding buffer (see Recipes)
20. 5x protein sample buffer (see Recipes)
21. Competitor RNA transcripts (see Recipes)

Equipment

1. 37 °C and 100 °C water baths
TM

2. 254-nm UV light source (Stratagene, UV strataliker , model: 1800)
3. Equipments for SDS-PAGE
4. Gel Dryer (Bio-Rad Laboratories, model: 583)
5. Imaging plate (Fujifilm Corporation)
6. Fujifilm BAS-1500 Image Analyzer (Fujifilm Corporation, Multi Gauge)
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Procedure

A. UV cross-linking assay
1. Prepare the following mixture on ice:
2.5 μl 4x binding buffer
0.5 μl RNase inhibitor (10 units/μl)
1.0 μl BSA (1 μg/μl)
1.0 μl Yeast total RNA (1 μg/μl)
0.5 μg purified protein
32

25 fmol P-labeled RNA probe
Adjust the final volume to 10 μl with Nuclease-free water and mix the reaction.
Note: The amount of protein used in the reaction depends on the RNA binding affinity.
Therefore the amount of protein, either purified one or from cell extract, needs to be
tested.
2. Incubate at room temperature (RT) for 10 min.
3. Place the cap-opened tube containing the reaction mixture on ice, and illuminate under a
UV lamp at 254 nm wavelength for 20 min.
Note: The distance between the sample and UV source is about 10 cm.
4. Add 1 μl of 10 mg/ml protease-free RNase A and 1 μl of 0.5 unit/μl RNaseT1 to the
reaction mixture. Incubate at 37 °C for 30 min.
Note: A reaction (as shown in procedure 1a) excluding the protein addition needs to be
done as the negative control to make sure the unbound RNA probe is complete digested.
5. Add 3 μl of 5x protein sample buffer to the reaction mixture. Incubate the sample in a
boiling water bath for 5 min.
6. Analyze the sample by electrophoresis with a standard SDS-PAGE gel.
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7. Dry the gel by the using of Bio-Rad model 583 Gel dryer and place an imaging plate over
the dried gel. Expose overnight to visualize the radioactive signals of cross-linked
proteins.
8. Scan the radioactive images by the using of Fujifilm BAS-1500 Image Analyzer.

B. Competition assay
1. The procedures are the same as UV cross-linking assay described above except that the
unlabeled competitor RNA is pre-incubated with the protein at RT for 10 min prior to the
32

addition of

P-labeled RNA probe.

2. Prepare the following mixture on ice:
2.5 μl 4x binding buffer
0.5 μl RNase inhibitor (10 units/μl)
1.0 μl BSA (1 μg/μl)
1.0 μl Yeast total RNA (1 μg/μl)
0.5 μg purified protein
50 fmole (2x), 250 fmole (10x), or 1,250 fmole (50x) competitor RNA.
Adjust the final volume to 10 μl with Nuclease-free water and mix the reaction.
3. Incubate at RT for 10 min.
4. Add 1 μl

32

P-labeled RNA probe (25 fmole) and Incubate at RT for 10 min.

5. The following steps are the same as UV cross-linking assay described above (from
procedure 1c-1 h).

Recipes

1.

32

P-labeled RNA probe preparation

In vitro transcription is performed with linearized DNA template and T7 RNA, polymerase
32

in the presence of [α- P] UTP.
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a. Prepare the following mixture on ice:
5 μl Transcription optimized 5x buffer
2.5 μl 100 mM DTT
5 μl rNTP mix (10 mM each of ATP, CTP, and GTP, and 20 μM of UTP)
®

0.5 μl recombinant RNasin Ribonuclease Inhibitor (20 unit)
1 μl T7 RNA polymerase (20 unit)
32

5 μl [α- P] UTP (50 μCi at 10 mCi/ml)
Linearized DNA template (1 μg)
Adjust the final volume to 25 μl with Nuclease-free water and mix the reaction.
b. Incubate at 37 °C water bath for 1 h.
c.

Add 1 μl RQ1 RNase-free DNase (1 unit) and Incubate at 37 °C water bath for 15 min.

d. Load the mixture into illustra MicroSpin G-50 Column and spin 2 min at 735 x g for
32

elution of labeled transcripts and sequestering from free [α- P] UTP.
2. 4x binding buffer
80 mM Tris-Cl (pH 8.0)
12 mM MgCl2
40 mM KCl
8 mM DTT
16 % (v/v) glycerol
3. 5x protein sample buffer
312.5 mM Tris-Cl (pH 6.8)
50% (v/v) glycerol
10% (w/v) SDS
0.1% (w/v) bromphenol blue
12.5% (v/v) β-Mercaptoethanol
4. Competitor RNA transcripts
In vitro transcription is performed with linearized DNA template and T7 RNA polymerase.
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a. Prepare the following mixture on ice:
10 μl Transcription Optimized 5x buffer
5 μl 100 mM DTT
8 μl rNTP mix (4 mM each of ATP, CTP, GTP, and UTP)
®

0.5 μl Recombinant RNasin Ribonuclease Inhibitor (20 unit)
1 μl T7 RNA Polymerase (20 unit)
Linearized DNA template (1 μg)
Adjust the final volume to 50 μl with Nuclease-free water and mix the reaction.
b. Incubate at 37 °C water bath for 2 h.
c.

Add 1 μl RQ1 RNase-Free DNase (1 unit) and Incubate at 37 °C water bath for 15
min.

d. Purification of RNA transcripts with Phenol/Chloroform/Isoamyl Alcohol (25:24:1) and
then ethanol precipitation of RNA.
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