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[Abstract] The mammalian cell nucleus is highly organized and contains membraneless nuclear bodies
(NBs) characterized by distinct resident factors. The NBs are thought to serve as sites for biogenesis
and storage of certain RNA and protein factors as well as assembly of ribonucleoprotein complexes.
Some NBs are formed with architectural RNAs (arcRNAs) as their structural scaffolds and additional
NBs likely remain unidentified in mammalian cells. Here, we describe an experimental protocol to search
for new NBs built on certain arcRNAs. RNase-sensitive NBs were identified by monitoring nuclear foci
visualized by tagging thousands of human cDNA products.
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Subcellular localization

[Background] The mammalian cell nucleus is highly organized and composed of multiple distinct
substructures called nuclear bodies (NBs). So far ~15 NBs have been identified as subnuclear
membraneless granular structures containing various proteins and RNA factors, many of which function
as sites of biogenesis, maturation, storage, and sequestration of specific RNAs, proteins, and/or

ribonucleoprotein (RNP) complexes (Mao et al., 2011; Sleeman and Trinkle-Mulcahy, 2014) (Table 1).

Table 1. Nuclear bodies in mammalian cells

Body name Number/cell Size (um) Markers (proteins and IncRNA)
Cajal body 0-10 0.1-2.0 COIL, SMN
DBC1 body 1-10 0.5-1.0 CCAR2 (DBC1)
Histone locus body 2-4 0.2-1.2 NPAT, CASP8AP2 (FLASH)
Nuclear speckle 25-50 0.8-1.8 MALAT1 IncRNA, SRSF1, SRSF2
Nuclear stress body 2-10 0.3-3.0 Satellite Il IncRNA, HSF1, SAFB
Nucleolar detention center 1-4 0.5-4.0 intergenic spacer IncRNAs, VHL, RNF8
Nucleolus 1-4 0.5-4.0 FBL, NPM1 (B23)
Paraspeckle 2-20 0.36 NEATL1 IncRNA, PSPC1, SFPQ
Perinucleolar compartment 1-4 0.2-1.0 PTBP1, CELF1
Promyelocytic leukemia body  10-30 0.3-1.0 PML, SUMO
Polycomb body 12-16 0.3-1.0 BMI1, CBX4
Samé68 nuclear body 1-3 0.5-1.0 KHDRBS1 (Sam68), HNRNPL

Some NBs are constructed on specific long noncoding RNAs (IncRNASs) called architectural RNAs
(arcRNAs), which are defined as structural core of NBs (Chujo et al., 2016). The arcRNA-dependent
NBs are composed of numerous RNA-binding proteins that interact with the arcRNAs. The most
remarkable example is the paraspeckle, which is composed of several characteristic RNA-binding

proteins (Fox et al.,, 2002; Prasanth et al., 2005). RNase treatment disintegrates the paraspeckle
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structure (Fox et al., 2005). Nuclear paraspeckle assembly transcript 1 (NEAT1), a IncRNA, localizes
exclusively to paraspeckles and acts as an arcRNA of these massive RNP complexes (Chen and
Carmichael, 2009; Clemson et al., 2009; Sasaki et al., 2009; Sunwoo et al., 2009).

Presently, two IncRNAs are classified as arcRNAs in addition to NEAT1, namely, intergenic spacer
IncRNAs for nucleolar detention center (Audas et al., 2012) and human satellite 11l IncRNA for nuclear
stress body (Biamonti and Vourc’h, 2010) (Table 1). It is expected that additional arcRNAs remain to be
characterized in mammalian cells. Here, we describe a novel method called ‘RNase sensitivity screening’
to identify novel arcRNA-dependent NBs by screening for nuclear foci whose structures are
disintegrated by RNase treatment. This method employed a Venus-tagged human full-length (FLJ)
cDNAlibrary (32,651 clones), which was originally constructed during the NEDO full-length human cDNA
sequencing project in Japan (FLJ-PJ), and obtained 571 cDNA clones whose products (463 proteins)
localize in certain nuclear foci (Hirose and Goshima, 2015; Naganuma et al., 2012). We explored
whether the respective nuclear focus was abolished or diffused upon RNase treatment after cell
permeabilization to select candidate RNase-sensitive nuclear foci that potentially contain arcRNAs
(Figure 1). We identified 32 Venus-tagged proteins that required RNA for their localization in distinct
nuclear foci (Mannen et al.,, 2016). Immunostaining of the corresponding endogenous proteins
confirmed that the Sam68 nuclear body (SNB) was an RNase-sensitive NB. In the following protocol,
we describe the detailed procedure of the RNase sensitivity screening. This protocol is for screening for
RNase-sensitive NBs under normal conditions in HelLa cells, but it should be applicable to other cell

lines under various conditions.
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RNase-sensitive nuclear foci: 32 clones (32 proteins)

Figure 1. Outline of RNase sensitivity screening of NBs. Venus-tagged human FLJ cDNA clones

were transfected into HeLa cells. cDNA clones whose products localized to certain nuclear foci were
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selected (571 clones). Subsequently, the RNase sensitivity of the nuclear foci labeled by Venus was
investigated (32 clones). To this end, the cells were permeabilized with 2% Tween 20, followed by

treatment with an RNase mixture. Bar = 10 ym.

Materials and Reagents

Note: Prepare all solutions using ultrapure water (prepared by purifying deionized water to attain a
sensitivity of 18.2 MQ cm at 25 °C) and analytical grade reagents.
A. Preparation of collagen IV-coated plate
1. Pipette tips (Labcon, catalog number: 1030-260-000)
2. 96-well glass bottom microplate (IWAKI, catalog number: 12-017-006)
3. Sodium hydroxide (NaOH) (Wako Pure Chemical Industries, catalog number: 190-14565)
4. Phosphate Buffered Salts (PBS) (Takara Bio, catalog number: T900)
5. Hydrochloric acid (HCI) (Wako Pure Chemical Industries, catalog number: 080-01066)
6. Type IV collagen solution (Life Laboratory Company, catalog number: LL-10043)
7

Collagen solution (see Note 1; see Recipes)

B. Cell culture
1. HelLa (Human cervical cancer) cells (see Note 2)
10 cm dish
MEM medium (Thermo Fisher Scientific, Gibco™, catalog number: 11095080) (see Note 3)
Fetal bovine serum (FBS) (Thermo Fisher Scientific, Gibco™, catalog number: 26140079)

o~ DN

Trypsin-EDTA (Nacalai Tesque, catalog number: 32778-34)

C. Administration of plasmids with transfection reagent
1. 96-well U-bottom plate (Corning, Falcon®, catalog number: 351177)
2. Venus-tagged human FLJ cDNA clone plasmids expressing proteins localized to certain nuclear
foci (see Note 4)
TransIT-LT1 reagent (Mirus Bio, catalog number: MIR2300)
Opti-MEM | reduced serum medium (Thermo Fisher Scientific, Gibco™, catalog number:
31985070)

D. RNase treatment

1. 96-well plate sealing film (Thermo Fisher Scientific, Invitrogen™, catalog number: 12261012)
0.45 pm filter
RiboShredder RNase Blend (Epicentre, catalog number: RS12500)
Polyoxyethylene sorbitan monolaurate (Tween 20) (Nacalai Tesque, catalog number: 28353-
85)

P e
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5. 2-Amino-2-hydroxymethyl-1,3-propanediol (Tris) (Wako Pure Chemical Industries, catalog
number: 011-20095)

Magnesium chloride (MgCl2) (Nacalai Tesque, catalog number: 20909-55)

7. Ethylene glycol-bis(2-aminoethylether)-N,N,N’,N’-tetraacetic acid (EGTA) (Nacalai Tesque,
catalog number: 08907-42)

8. cOmplete, EDTA-free protease inhibitor cocktail (Roche Diagnostics, catalog number:
11873580001)

9. Paraformaldehyde (PFA) (EMD Millipore, catalog number: 1.04005.1000)

10. DAPI (Sigma-Aldrich, catalog number: D9542)

11. Pyronin Y (Sigma-Aldrich, catalog number: P9172)

12. 1 M Tris-HCI, pH 7.4 (see Recipes)

13. Permeabilization buffer (see Recipes)

14. 4% PFA (see Note 5; see Recipes)

15. DAPI solution (see Recipes)

16. Pyronin Y solution (see Recipes)

Equipment

1. Multichannel pipette L8 x 200 (Gilson, catalog number: FA10011)

2. Water bath (Fine, catalog number: FWB-21B)

3. Centrifuge (KUBOTA, catalog number: 040-000)

4. Hemocytometer (SANSYO, SLGC, catalog number: A103)

5. Reservoir (BM Equipment, catalog number: BM-0850-2)

6. Carbon dioxide (CO2) incubator (SANYO, catalog number: MCO-18AIC UV)

7. IN Cell Analyzer 1000 (GE Healthcare, model: IN Cell Analyzer 1000) equipped with a Plan
Fluor ELWD 40x/0.6 objective lens (Nikon Instruments, model: CFI Plan Fluor 40x). Excitation
filters for DAPI (D360/40x) and Venus (S475/20x) and emission filters for DAPI (HQ460/40M)
and Venus (HD535/50M) were used. Acquisition and processing of the images were done using
IN Cell Analyzer 1000 Software (GE Healthcare, version 3.0)

Software
1. IN Cell Analyzer 1000 Software (GE Healthcare, version 3.0)
Procedure

A. Preparation of collagen-coated plate

1.

Wash each well of 96-well glass bottom microplates with 100 pyl 0.2 N NaOH at room

temperature for 30 min.

Copyright © 2017 The Authors; exclusive licensee Bio-protocol LLC. 4



http://www.bio-protocol.org/e2232

Please cite this article as: Taro and Tetsuro, (2017). RNase Sensitivity Screening for Nuclear Bodies with RNA Scaffolds in Mammalian Cells,
Bio-protocol 7 (8): e2232. DOI: 10.21769/BioProtoc.2232.

b""' t I Vol 7, Iss 08, Apr 20, 2017
IO prO (X:O www.bio-protocol.org/e2232 DOI:10.21769/BioProtoc.2232

Rinse each well with 100 uyl PBS and then 100 pl distilled water.

Coat the glass bottom of each well with 100 ul collagen solution at room temperature for 1 h
(see Note 6).

Wash each well with 100 ul PBS twice.

Remove PBS completely from each well by pipetting. The plates can be stored at 4 °C for 1

week.

B. Cell culture

1.

Thaw frozen cell stocks in a water bath at 37 °C, and retrieve the cells by low speed
centrifugation (220 x g, 5 min). Remove the supernatant by pipetting.

Gently resuspend the cell pelletin 10 ml growth medium (e.g., MEM medium supplemented with
10% FBS) without antibiotics.

Culture the cells in growth medium in a humidified incubator with 5% CO: until 80% confluency
is reached.

For plasmid transfection, seed the cells into a 10 cm dish 1 day prior to use (see Note 7).

C. Administration of plasmids with transfection reagent

1.

Seed 6 x 102 cells into 100 pl growth medium in each well of a collagen-coated 96-well plate 1
day prior to transfection. The cells should be used for transfection when they have reached 30-
50% confluency.

Add 100 ng Venus-tagged FLJ cDNA clone plasmids to 50 pl Opti-MEM | reduced medium in
each well of a 96-well U-bottom plate.

Add 0.3 pl TransIT-LT1 reagent to 50 yl Opti-MEM | reduced medium in each well of a separate
96-well U-bottom plate.

Mix the solutions prepared in steps C2 and C3 and incubate at room temperature for 15-30 min
to form the plasmid-TransIT-LT1 complexes.

Add the resultant plasmid-TransIT-LT1 complexes (ca. 100 pl) directly to the growth medium in
each well of the 96-well plate prepared in step C1.

Culture the cells for 24 h in the incubator with 5% CO: (see Note 8).

D. RNase treatment

Remove the culture medium by pipetting and wash the cells once with 100 ul PBS.

Wash the cells once with 100 yl permeabilization buffer and then permeabilize the cells with
100 ul 2% Tween 20-permeabilization buffer at room temperature for 10 min (see Note 9).
Wash the cells once with 100 uyl permeabilization buffer.

Wash the cells once with 100 pl PBS and degrade RNAs with 100 pl 50 U/ml RiboShredder
RNase Blend-PBS at room temperature for 20 min (see Note 10).

Wash the cells twice with 100 ul PBS.

Fix the cells with 100 pl 4% PFA at room temperature for 15 min.
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7. Wash the cells three times with 100 ul PBS for 5 min each.

8. Stain the DNA with 100 yl DAPI solution for 1 min.

9. Wash the cells three times with 100 yl PBS.

10. (Optional, see Note 11) Stain the RNA with 100 pl Pyronin Y solution for 15 sec.

11. (Optional) Wash the cells three times with 100 pl PBS.

12. Add 100 ul PBS to each well and seal the wells with a 96-well plate sealing film.

13. Visualize Venus signals and detect nuclear foci in the samples using the IN Cell Analyzer 1000
(Figure 2). The images were acquired under 400x magnification, with automatically optimized
exposure times and hardware autofocus. Images of 25 different fields were acquired from each
well. (see Note 12)

RNA COIL SFPQ Sam68
(PyroninY) -Venus -Venus -Venus

Figure 2. Images of RNase sensitivity screening of NBs. Effect of RNase treatment was

-RNase

+RNase

confirmed by visualizing cellular RNAs with Pyronin Y staining, and by monitoring the
persistence of the RNase-resistant Cajal bodies (marked by COIL-Venus) and disappearance
of the RNase-sensitive paraspeckles (marked by SFPQ-Venus). Sam68 nuclear body is a newly
identified RNase-sensitive NB. Arrowheads indicate nuclear foci. DNA was stained with DAPI
(blue). Bar = 10 pym.

Data analysis
Cell numbers (n > 100) were determined by counting the outlined DAPI positive oval area as the
nucleus using IN Cell Analyzer 1000 Software. The number of nuclear foci-positive cells was
manually counted. RNase sensitivity is measured by the ratio of the number of nuclear foci-positive
cells in RNase-treated cells relative to the number of those in the cells without RNase treatment.

Notes

1. This solution should be prepared at the time of use.
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2. Although the protocol described here is for HelLa cells, it may be applicable to other cultured
cell lines (e.g., HCT116, U20S, and NIH3T3). These cell lines are available from several cell

stock centers, such as the American Type Culture Collection.

Culture medium should be properly chosen for the cell lines used.
The list of FLJ clones expressing the Venus-tagged proteins that localized to certain nuclear

foci is available at the following website: http://hgpd.lifesciencedb.jp/sys_info/download.html.

The localization images of the Venus-tagged human cDNA products are accessible at the

Human Gene and Protein Database (HGPD). The original Gateway Entry clones are available

from the Biological Resource Center, National Institute of Technology and Evaluation (NBRC).

We used two Venus-tagged proteins as controls: SFPQ-Venus (a marker of the paraspeckle,
an RNase-sensitive NB) and COIL-Venus (a marker of the Cajal body, an RNase-resistant NB).

5. This solution should be prepared at the time of use.

Other coating reagents such as cationic polymers (e.g., poly-L-lysine) or matrix proteins (e.g.,
laminin, fibronectin) can be selected according to the cells used.

The number of cell passages should be less than five.

Transfection conditions should be optimized by varying the concentration of TransIT-LT1
reagent.

9. Permeabilization conditions should be optimized by monitoring the control Venus-tagged
proteins (Note 4) and Pyronin Y staining. The concentration of Tween 20 should be optimized
for each cell line used. It should be noted that treatment with higher concentrations of Tween
20 often results in disappearance of Venus signals in the cells.

10. RNase conditions should be optimized by monitoring the control Venus-tagged proteins (Note
4) and Pyronin Y staining. We always compare two samples with and without RNase treatment
for one cDNA clone.

11. Effects of RNase treatment are confirmed by staining of cellular RNAs with Pyronin Y.

12. For final judgment of localization sites of the selected cDNA products, both N-terminally and C-
terminally Venus-tagged proteins should be confirmed to consistently localize in identical NBs.
Furthermore, the localization of the corresponding endogenous proteins should be confirmed

by labeling with specific antibodies.

Recipes

1. Collagen solution

Dilute 8.6 pl/ml collagen in 0.05 N HCI
2. 1MTris-HCI, pH 7.4 (1 L)

Dilute 121.1 g Tris in ultrapure water and adjust pH to 7.4 with HCI
3. Permeabilization buffer

20 mM Tris-HCI, pH 7.4

5 mM MgCl:
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0.5 mM EGTA
1x cOmplete, EDTA-free protease inhibitor cocktail
4. 4% PFA

Add 0.4 g PFA to PBS and adjust the volume to 10 ml
Shake vigorously at 55 °C until completely dissolved and filtrate through a 0.45 pm filter
5. DAPI solution
Add 10 mg DAPI to ultrapure water and adjust the volume to 1 ml (10 mg/ml DAPI stock)
Store at -20 °C
Before using, dilute 1 pl 10 mg/ml DAPI stock in 10 ml PBS (1 ug/ml DAPI)
6. Pyronin Y solution
Add 3 mg Pyronin Y to ultrapure water and adjust the volume to 10 ml (1 mM Pyronin Y stock)
Store at -20 °C
Before using, dilute 1,000 times with PBS (1 uM Pyronin Y)
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