Chapter 17

Probing N°-methyladenosine (m°A) RNA Modification
in Total RNA with SCARLET

Nian Liu and Tao Pan

Abstract

Posttranscriptional N°-methyladenosine (m°A) RNA modification is indispensable for cell development
and viability; however, functional investigation of m°A biological function has been hindered by the lack
of methods for its precise identification and quantitation. Here, we describe a method that accurately
identifies m®A position and modification fraction in human messenger RNA (mRNA) and long noncoding
RNA (IncRNA) at single-nucleotide resolution, termed as “site-specific cleavage and radioactive-labeling
followed by ligation-assisted extraction and thin-layer chromatography (SCARLET)” (Fig. 1). This
method combines two previously established techniques, site-specific cleavage and splint ligation, to probe
the m°A RNA modification status at any mRNA /IncRNA site in the total RNA pool.
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1 Introduction

Discovered in the 1970s, m°A is the most prevalent internal
mRNA /IncRNA modification in eukaryotes, present on average in
over three sites per mRNA molecule in mammals [ 1-6]. The m°A/
MeRIP-seq revealed the m°A topology along mammalian tran-
script at ~100 nucleotides resolution [7-9]. In this chapter, we
describe a protocol to determine the exact position as well as the
modification fraction of mRNA /IncRNA modifications at single-
nucleotide resolution without the need to isolate the target
RNA. This method has been applied to reveal the m°A status in
human mRNA/IncRNAs, which provided information on the
location and structural contexts of m°®A modification [10].
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2 Materials

Prepare all solutions using RNase-free water (prepared by auto-
claving deionized water).

1. PerfectPure RNA cultured cell kit (5").

2. GenElute mRNA miniprep kit (Sigma-Aldrich).
3. T4 PNK (USB).
4

. Thermosensitive —alkaline phosphatase, TAP (Thermo
Scientific).

. Crush and soak buffer, 50 mM Potassium Acetate, 200 mM
KCl, pH 7.

. RNase T1 (Thermo-Scientific).

. RNase A (Sigma-Aldrich).

. T4 DNA ligase (Thermo-Scientific).

. Nuclease P1 (Sigma-Aldrich).

10. TLC cellulose plastic sheet, 20 x20 cm (Merck).

11. TLC running buffer, isopropanol: HCl:water, 70:15:15, v /v /v.
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3 Methods

The method is termed as “site-specific ceavage and radioactive-
labeling followed by ligation-assisted extraction and thin-layer
chromatography (SCARLET).” SCARLET is composed of four
main steps: site-specific cleavage at the target nucleotide site; radio-
active labeling of the target nucleotide; splint-assisted ligation
followed by RNase T1 /A digestion; and thin-layer chromatogra-
phy (TLC) (Fig. 1). We describe the SCARLET method in detail
below in each of these four steps. Perform at room temperature
(RT) unless specifically indicated.

When interested in the modification status (the presence of
modification and the modification fraction) of the target nucleo-
tide X along the target mRNA Y, we need to first design the chi-
meric oligos, splint oligos and ssDNA oligos according to the
sequence of the target mRNA Y, as previously reported [10-14].
All chimeric oligos and DNA oligos can be ordered from IDT, and
gel purified before use.

Before performing SCARLET, isolate total RNA from HelLa
cells or other cell lines using PerfectPure RNA cultured cell kit (5")
according to the manual. Then, isolate polyadenylated RNA
(polyA* RNA) from the total RNA sample via the GenElute mRNA
miniprep kit (Sigma-Aldrich) according to the manual. Store the
RNA at -80 °C until ready for SCARLET.



3.1 Site-Specific
Cleavage at the Target
Nucleotide Site
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Fig. 1 Schematic diagram of SCARLET. SCARLET consists of four steps: site-
specific cleavage at the target nucleotide site; radioactive labeling of the target
nucleotide; splint-assisted ligation followed by RNase T1/A digestion; and thin-

layer chromatography (TLC)

Day 1

1. Mix 1 pg polyA* RNA with (3 pmol) corresponding chimeric
oligo in a total volume of 3 pl 30 mM Tris-HCI, pH 7.5.
Anneal the oligo to RNA by heating at 95 °C for 1 min, fol-
lowed by incubation at room temperature (RT) for 3 min
before putting on ice for the next step.

2. Add 1 pl 5x RNase H reaction mixture [2x T4 polynucleotide
kinase bufter (T4 PNK, USB), 1 U/pl RNase H (Epicentre)]
and 1 pl thermosensitive alkaline phosphatase (1 U/ul, TAP,
Thermo Scientific) to the annealed RNA sample. Incubate at
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3.2 Radioactive 1.
Labeling of the Target
Nucleotide

44 °C for 1 h for site-specific cleavage and dephosphorylation
at the 5’ end of nucleic acids.

. Terminate the reaction by heating the reaction mixture at

75 °C for 5 min followed by immediate incubation on ice to
inactivate RNase H and TAP.

Add 1 pl 6x T4 PNK reaction mixture [1x T4 PNK buffer,
6 U/pl T4 PNK (USB), 28 uCi/pl [y-3?P]-ATP] to the mix-
ture from above.

2. Incubate at 37 °C for 1 h.

3.3 Splint-Assisted 1.
Ligation Followed by
RNase T1/A Digestion
2
3

. Terminate the reaction by heating the mixture at 75 °C for

5 min followed by immediate incubation on ice to inactive the
T4 PNK.

Add to the reaction mixture from above 1.5 pl the splint/
ssDNA-116 oligo mixture (4 pmol splint oligos and 5 pmol
ssDNA-116 oligos), and mix well.

. Anneal the RNA samples, splint oligos, and ssDNA-116 oligos

by heating the mixture at 75 °C for 3 min, followed by incuba-
tion at room temperature (RT) for 3 min before putting on ice
for the next step.

. Add 2.5 pl 4x ligation mixture [1.4x T4 PNK butffer, 0.27 mM

ATD, 57 % DMSO, 1.9 U/pl T4 DNA ligase].

4. Incubate at 37 °C for 3.5 h for the splint ligation.

. Terminate the reaction by mixing the reaction samples with

equal volume of 2x RNA loading buffer (9 M urea, 100 mM
EDTA, XC, and BPB dyes).

.Add 1 pl RNase T1/A mixture (160 U/ul RNase T1,

0.16 mg/ml RNase A in distilled water), and mix well.

. Incubate at 37 °C overnight (~16 h) to ensure complete RNase

digestion.

Day 2

8.

10.

Spin down the reaction mixture. Load all samples to a pre-run
10 % urea denaturing PAGE gels (0.8 mm double-thick gel).
Run the bromophenol dye to the bottom.

. Disassemble the gel electrophoresis equipment, wrap the gel

with plastic film, and expose the gel to a blanked phosphorim-
ager screen. To get clear phosphorimaging figures with visible
target bands, the exposure time varies from 10 to 30 min,
depending on the radioactive signal strength (Fig. 2).

Visualize and print the phosphorimager figure in the actual
size. Put the printed figures under the gel for localization of
the target bands.



3.4 Thin-Layer
Chromatography
Reveals the
Modification Status
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Fig. 2 Denaturing PAGE showing the band for ssDNA-116 oligos with ligated
radioactive target nucleotide. This band was derived from the SCARLET experi-
ment with the 2577-A site on the MALAT1 IncRNA (NR_002819) from HFF-1 cells

11.

12.

13.

14.

8]

Cut the bands with flame-sterilized blades from the gel and
transfer the cut gel slices into a clean 1.5 ml low-adhesion,
plastic tube.

Add 0.4 ml crush and soak buffer to the tube, and invert and
rotate the tube for 4 h at RT.

Transfer the crush and soak buffer containing the target oligos
out to new low-adhesion tubes, and add 2.7x vol. of pure
ethanol. Mix well, freeze at —20 °C for at least 1 h, and then
precipitate the nucleic acid products in microcentrifuge at
16k x4 for 20-30 min.

Vacuum or air-dry the pellet. Expect good signals for the next
step when the radioactive signal is detectable by the Geiger
counter.

. Resuspend and dissolve the alcohol-precipitated RNA pellet

with 3 pl nuclease P1 mixture (0.33 U/pl nuclease P1 in
30 mM sodium acetate /acetic acid, pH 4.8).

. Incubate at 37 °C for 2 h to allow complete digestion.
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MALAT1 2,577-A site is 84%
methylated from HFF-1 cells

3 TLC result showing the modification status of the 2577-A site on the

MALAT1 IncRNA (NR_002819) from HFF-1 cells

3.

Spot the reaction mix 0.5-1 pl at a time on a cellulose TLC
plate (20x20 cm; Merck) as previously described. If multiple
spotting is needed, wait for the TLC plate to dry completely
before spotting the next aliquot and ensure spotting at the
same position of the TLC plate.

. Develop the TLC plate in a tank with running buffer

[isopropanol:HCl:water (70:15:15, v/v/v), 100 ml]. This
process takes ~14 h.

Day 3

5.

After that, dry the TLC plate at room temperature for 1 h,
wrap the plate in plastic film and expose it to a blanked phos-
phorimager screen. The exposure time varies from 1 to 20 h,
depending on the strength of radioactive signals on the TLC
plate.

. Visualize and quantify the TLC result through the phospho-

rimager to get the modification status of the target nucleotide
(Fig. 3). Please see Notes 1-7.

4 Notes

. RNA modifications in abundant RNA, such as ribosomal RNA,

small nuclear RNA, etc., normally generate very strong
SCARLET signal.

. RNA modifications in abundant mRNA /IncRNA tend to have

stronger SCARLET signal and lower background noise signal
on the TLC plate.

. It is strongly advisable to use specific, synthetic oligos as reac-

tion and TLC controls. Synthetic oligos normally ensure sig-
nificant signal of m°A on the electrophoresis gel and TLC
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result, providing valuable information whether every step is
done correctly, all reagents and enzymes are active, and the
correct position of the bands or dots containing the target
nucleotides.

. The m®A RNA modification fraction on mRNA /IncRNA nor-

mally ranges between 5 and 88 % [10]. We arbitrarily set the
detection threshold at 5 %, so modification signal with a fraction
less than 5 % is considered background noise or unmodified.

. Since each SCARLET experiment works on only one candi-

date site, careful works on selecting candidate sites are needed
to ensure successful detection of m°A RNA modification.
Potential candidate m®A sites are evaluated through previous
m®A/MeRIP results, RNA abundance through previous
RNA-seq data or else, RRACH consensus motif [15, 16],
structural motit embedded, species-conserved level, and so
on. More detailed selection process was described in ref. 10.

. We normally perform ~10 SCARLET experiments in parallel to

examine 10 potential m°A sites at one time.

. The modification fraction of m°A located in structured RNAs

can be underestimated by SCARLET, due to the inefficient
hybridization with chimeric oligos [17].
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