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Supplemental Experimental Procedures 14 

 15 

Inducible Tet-ON/Tet-OFF lentiviral shRNA vectors 16 

To downregulate WRN protein expression, we generated a conditional shRNA vector 17 

construct targeting the 3´-UTR of WRN mRNA. The shWRN was designed using the 18 

sequence ranging from 5272-5297 (22nt) of accession number AF091214.1 19 

(NM_000553.5), obtained from GenBank, NCBI (GenBank, RRID:SCR_002760). Them, 20 

complementary oligonucleotides were annealed and cloned into the pENTT-miRc2 21 

vector. The sequences are: WRN-3´UTRf: 5′-GCCTACGTGAGTACATCACCTA-3´. 22 

miR-shRNA vectors were then generated by in vitro recombination between pENTT-23 

miRc2 and pSLIK-Neo (RRID: Addgene_25735) or pSLIK-Hyg (Addgene #25737) using 24 

the Gateway LR Clonase Enzyme Mix Kit (Invitrogen, Carlsbad, CA, USA). For the 25 

production of recombinant lentiviruses, we followed the protocol previously described by 26 

Shin, K. J. et al 2006(1). We conducted Lentiviral infection as previously described Li, B. 27 
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et al. 2014(2). The infected cells were then washed twice with PBS 1X, and after 24 28 

hours the transfected cells were selected using 400 μg/mL geneticin (G418) and 200 29 

μg/mL hygromycin for seven days. 30 

 31 

Metabolic labeling using 35S-met/cys 32 

These experiments were performed following the protocol described by Bonifacino, J. S. 33 

2001(3). First, shCTR and shWRN HeLa cells were treated with doxycycline for three 34 

days. Two days after induction, the cells were divided into two plates and incubated for 35 

an additional day. On the third day of incubation, one pair of the dishes were used to 36 

confirm WRN depletion by Western blot while a second pair we used for metabolic 37 

labeling. For metabolic labeling assay, HeLa cells were washed twice and incubated in 38 

pre-warmed pulse-labeling medium (methionine/cysteine-free DMEM) at 37 °C for 30 39 

min to deplete the intracellular pool of methionine/cysteine. The medium was removed 40 

and added three mL of freshly prepared labeling solution to the cells (0.1 mC/mL 41 

TRANS35S-LABEL MP Biomedicals, USA, made in pulse-labeling medium). Cells plates 42 

with the radiolabeled material were incubated for 15 min. The medium was removed and 43 

properly discarded. Them, cells were rinsed with ice-cold PBS for three times and PBS 44 

properly discarded. After cells collection by trypsinization the same number of cells, 45 

counted by Trypan-Blue (TB) exclusion method, were lysed in a Lysis buffer (25 mM 46 

TRIS-HCl pH 8.0; 100 mM NaCl; 0.1% TX-100; 0.1% SDS; 1 mM EDTA; 1 mM DTT and 47 

PIC (1/100 v/v). The whole cell lysates were centrifuged at 20,000 x g at 4 °C, and the 48 

extracts measured for de-novo protein synthesis by SDS-PAGE or immunoprecipitation 49 

assays after protein quantitation by Bradford Assay. 50 

 51 

Immunoprecipitation of 35S-met/cys labeled proteins 52 

 53 

35S-met/cys labeled extracts derived from the above treatment were immunoprecipitated. 54 

To this end, we used the same concentration of specific antibodies against G6PD, Ku70, 55 
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and Tubulin. Reactions were incubated for all night at 4°C in a roller and then captured 56 

using Protein A/G PLUS-Agarose (Santa Cruz Biotechnology, sc-2003,) following the 57 

manufacturer’s instructions. The immunoprecipitated complexes were resolved in 10% 58 

PAA and stained with CBB followed by vacuum drying. Finally, the gel was scanned for 59 

IgG visualization and then exposed to Phosphoscreen and developed using a PharosFX 60 

molecular imager (BIO-RAD). 61 

 62 

Nuclei-Cytoplasm fractionation and Polysome Enriched Fraction (PEF) 63 

All the reagents and buffers were RNase/DNase free or prepared in the DEPC-treated 64 

water early in the morning and kept on ice or in the cold room for at least 1 hour. For 65 

PEF we follow the protocol describe by Masek, T. et al 2011(4). Before harvesting, the 66 

cells used for PEF preparation were treated them with 100 μg/mL of cycloheximide 67 

(CHX) for 10 min at 37 °C. The cells plates were then transferred to an ice bed and 68 

washed twice with ice-cold PBS plus CHX (100 µg/mL). Cells were scraped off from the 69 

plates with a cell lifter and collected in PBS containing CHX. After centrifugation at 1,850 70 

x g, cell pellets were rinsed in hypotonic buffer (10 mM HEPES-KOH pH 7.6; 1.5 mM 71 

MgCl2; 10 mM KCl; 1 mM PMSF; 5 mM NaF; 5 mM β-GP; 1 mM DTT; 200U RNase 72 

Inhibitor Murine (40 U/μL); EDTA-Free Protein inhibitor cocktail PIC (1/100 v/v) and 100 73 

μg/mL CHX) and spun down immediately for 5 min at 4 °C at 1,850 x g. The supernatant 74 

was transferred to a new 1.5 mL ice-cold tube, and the cell pellet was again resuspended 75 

in hypotonic buffer and incubated for 15 min on ice. NP-40 (0.1 % final concentration) 76 

was then added and incubated, with occasional tube inversion, for an additional 10 min 77 

or until more than 95% of cells show positive for TB staining. The homogenates were 78 

centrifuged at 1,850 x g for 15 min at 4 °C to separate the nuclear and the cytoplasmic 79 

fractions. The cytoplasmic fraction was centrifugated again at 10,000 x g for 15 min at 80 

4°C to assure complete nuclei elimination. The resultant nuclear fraction was 81 

resuspended again in hypotonic buffer supplemented with 420 mM NaCl and incubated 82 

on ice for additional 45 min to extract nuclear proteins. For Polysome enriched fraction 83 
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generation, the above-obtained cytoplasm is loaded on top of a one mL sucrose cushion 84 

(30%) prepared in the same hypotonic buffer(4, 5). The sample was centrifuged using 85 

Optima LE-80K (Beckman Coulter) in an SW55-Ti pre-chilled rotor at 130,000 x g for 2.5 86 

hours. After taking an aliquot, the supernatant was discarded, and the pellet was quickly 87 

rinsed with hypotonic buffer and then resuspended in 2X protein loading buffer for protein 88 

analysis or resuspended in the same buffer (100 µL) for RNA extraction using TRIzol 89 

(ThermoFisher) following the manufacturer’s instructions. 90 

 91 

Gene expression analysis by RT-qPCR 92 

All the reagents and buffers were RNase/DNase free or prepared in the DEPC-treated 93 

water early in the morning and kept on ice or in the cold room for at least 1 hour. Total 94 

and ribosomal RNAs were prepared using TRIzol (ThermoFisher) following the 95 

manufacturer instructions. After three days of dox treatment, the cells were either treated 96 

or not with cycloheximide (CHX, 100 µg/mL) for 10 min in the incubator. For the isolation 97 

of total RNA, untreated CHX cells were scraped out and washed twice with ice-cold PBS. 98 

Then we resuspend the cell pellet in a small volume of 1X PBS, and 0.8-1 mL of TRIzol 99 

was directly added to the samples. For isolation of ribosome-derived RNAs, we describe 100 

it in the previous section. This PEF generated was directly resuspended in TRIzol after 101 

washed with lysis buffer. For RNA quality visualization we separate the sample using 102 

formaldehyde-agarose gel and concentration were calculated with a NanoDrop 103 

spectrophotometer (ND-1000, NanoDrop Technologies, Wilmington, Delaware). We 104 

routinely treated two micrograms of each RNA sample preparation with DNase (Turbo 105 

DNase AM-1907-ThermoFisher Scientific) following the manufacturer’s instructions. 106 

Each sample was subjected to a PCR to check for genomic DNA contamination using 107 

Taq MasterMix (abm; G013). RNA was retrotranscribed to generate cDNA using the kit 108 

OneScript cDNA Synthesis SuperMix from abm (G452), following the manufacturer’s 109 

instructions. For qPCR, 10 to 100pg of each freshly synthesized cDNA was analyzed 110 

using BrightGreen 2X qPCR MasterMix-R (with ROX) from abm, according to the 111 
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manufacturer’s instructions and StepOne Real-Time PCR (Applied Biosystems) 112 

thermocycler. For each qPCR, a specific set of primers against the target was generated 113 

using Primer3: WWW primer tool online(6), and validate each set of primers using blastn 114 

suite from NIH(7). All designed primers have an estimated melting temperature of 60 °C. 115 

We use GAPDH or 18S as internal controls. 116 

 117 

Immunofluorescence and stress granule formation (SG) assay 118 

For the immunofluorescence assays, cells were seeded in a 100 mm TC-treated plates 119 

(Celltreat) and grown in the presence of dox (1.5 µg/mL). After two days of treatment, 120 

cells were trypsinized and transferred to 8-well culture cell slides (Lab-Tek® II Chamber 121 

Slide) at 3x104 cells/well concentration. Extra cells were separately kept with treatment 122 

to confirm WRN downregulation by Western blot. The treatment with dox continues for 123 

another day to reach three days of dox treatment. Before cell fixation, we treat or not the 124 

cells with Sodium Arsenite (3 mM) for 2 hours. Then, rinse the cells with 1X PBS (RT) 125 

and fixed for 10 min at RT in a freshly prepared PFA solution (4% in 1X PBS). 126 

Permeabilization was made by incubation the cells with 0.5 % TX-100 (in 1X PBS). The 127 

blocking step was carried out with blocking buffer (2.5% BSA and 1% Normal Serum 128 

raised in the same host as the secondary antibody, in 1X PBS) for 1 hour at room 129 

temperature. Rabbit anti TIAR primary antibody diluted in the blocking buffer was added 130 

to the samples and incubated overnight at 4 °C. The next day, cells were washed with 131 

1X PBS three times for 5 min with agitation and incubated in a dark condition for 1 hour 132 

at RT with a combination of Donkey anti Rabbit IgG Alexa Fluor 488-conjugated 133 

secondary antibody and Alexa Fluor-594 Phalloidin (Supplemental Table 1). The 134 

samples were washed five times with 1X PBS for 5 min each including DAPI in the 135 

second wash and the samples mounted using VECTASHIELD HardSet Antifade 136 

Mounting Medium with DAPI (H-1500) from Vector Labs. Finally, we acquired the images 137 

with a confocal laser scanning microscope (Nikon). 138 

 139 
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Co-Immunoprecipitation assays 140 

We prepare ten of 100 mm plates with 75% confluence HeLa cells. At the day of the 141 

experiment, media was replaced for new media and incubated for two additional 2 hours. 142 

Cells were washed with ice-cold 1X PBS DEPC-treated twice and scraped off. The cells 143 

were centrifuged at 1,500 x g for 5 min at 4 °C and pellet lysates in Lysis Buffer (50 mM 144 

HEPES-KOH pH 7.5; 150 mM NaCl; 50 mM KAc; 0.5% TX-100; 0.5% NP-40; 2 mM 145 

EDTA; 10% Glycerol; 1 mM PMSF; 1 mM NaF; 1 mM Na3VO4; 1 mM β-GP and PIC 146 

(1/100 (v/v) prepared in DEPC-treated water) for 10 min on ice. We take an aliquot as a 147 

total. The lysates were divided into two equal volumes and transfer to a new tube. One 148 

tube was treated with 10 mM of Ribonucleoside Vanadyl Complex (RVC) to protect RNAs 149 

(NEB S1402S) and the other tube treated with 250U of Benzonase (250U; SC-391121). 150 

Both tubes were incubated on ice for 40 min and centrifuge at 14,000 x g for 30 min at 4 151 

°C. Supernatants were transferred to new ice-chilled tubes and separated in equal 152 

volumes according to the number of antibodies used, including the control isotype. To 153 

each tube we add Lysis Buffer to completed up to one milliliter, containing either RVC or 154 

Benzonase, respectively. An aliquot was taken as an Input and for RNA integrity 155 

visualization by formaldehyde-agarose gel. We add the antibodies to the tubes, and the 156 

samples were incubated ON at 4 °C in a roller mixer. Next day, three hundred twenty 157 

microliters of Protein G Magnetic Beads were equilibrated by washing three times in 158 

Lysis buffer and blocked in the same Lysis Buffer containing 2% of acetylated BSA for 1 159 

hour at 4 °C. Thirty microliters of blocked beads were added to each tube and incubated 160 

for 2 hours at 4 °C in a roller mixer. Before washing the beads, we remove an aliquot to 161 

assay RNA integrity again. Then, the beads were washed three times with Lysis Buffer 162 

and three times with Wash Buffer (Lysis Buffer with 300 mM NaCl) using a magnetic 163 

rack. The immunocomplexes were eluted with 10 µL of 0.2 mM Glycine pH 2.8 twice, 10 164 

min each, at RT and the elutes neutralized in tubes containing 3 µL of 1M Tris-HCl pH 8. 165 

We added the same volume of 2X protein loading buffer to each tube, mix and heat at 166 

95 °C for 5 min. The samples were them analyzed by Western blot. 167 
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mRNA Fluorescence In Situ Hybridization (FISH) 168 

RNA FISH was performed as previously described in Viphakone, N. et al, 2012(8) with 169 

some modifications. The shCTR and shWRN cells were grown on 100 mm treated plates 170 

in the presence of dox for two days. Them, the cells were transferred to 8-well chamber 171 

slides or coverslips for additional day in presence of dox. The cells were washed two 172 

times with 1X PBS-DEPC (RT) to remove unattached and debris cells and fixed at RT 173 

for 10 min at room temperature with 4% paraformaldehyde, freshly prepared in 1X PBS-174 

DEPC. Cells were washed three times in 1X PBS-DEPC and permeabilized for 10 min 175 

at RT with 0.5% TX-100 prepared in 1X PBS-DEPC. After two washes with PBS-DEPC 176 

and once with 2X SSC-fromamide pH 7.0 (30 mM sodium saline citrate, 300 mM sodium 177 

chloride and 20% formamide), the cells were pre hybridized for 2 hours at 37 °C with 178 

hybridization solution (2X SSC, 20% formamide, 1 μg/μL tARN, 1% acetylated BSA 179 

(B2518, Sigma-Aldrich), 2mM RVC, 10% dextran sulphate and 1 µg/µL salmon sperm). 180 

Them, the samples were incubated ON at 37 °C with hybridization solution containing 1 181 

ng/μl Cy3 labelled oligo (dT)50 (Gene Link) in the hybridization oven. Next day, the cells 182 

were washed three times with 2X SSC-formamide at 37°C and once with 0.5X SSC at 183 

RT. Finally, the samples were rinsed three times at RT with 1X PBS-DEPC, including in 184 

the last wash DAPI as counterstain before mounting on glass slides or cover by coverslip 185 

for microscopy analysis. We include RNase, Benzonase and DNase treatments as 186 

control of the specificity of the signal. More than 300 hundred cells for shCTR and 187 

shWRN samples of three biological replicates were counted for the statistical analysis. 188 

The resulting images were used to calculated the intensity by pixels of the Oligo(dT)-Cy3 189 

along a line of width of 5 pixels and the length relative to the cell size(9). 190 

 191 

mRNA pulldown assay 192 

We prepare fifteen of 100 mm plates containing 75% confluent HeLa cells. At the day of 193 

the experiment, media was replaced for new media and incubated for an additional 2 194 

hours. Cells were washed with ice-cold 1X PBS-DEPC twice and scraped off with a cell 195 
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lifter. The cells were centrifuged at 1,500 x g for 5 min at 4 °C and resuspended again 196 

up to 1 mL of 1X PBS-DEPC. The cells soup were equally divided into two 197 

RNase/DNase-free pre-chilled 1.5 mL tubes and pelleted again. Cells were lysate for 198 

one hour on ice with Lysis Buffer (25 mM Tris pH7.5; 5 mM MgCl2; 0.5% NP40; 150 mM 199 

NaCl; 1 mM DTT; 2 mM PMSF; PIC (1/100 (v/v)); 5 mM β-GP and 1 mM NaF) prepared 200 

in DEPC-treated water. Just resuspending the cells in Lysis Buffer, we add to one tube 201 

10 mM of RVC and to the other tube 100 µg/mL RNase A (G117, abm). After 30 min of 202 

incubation, the crude extracts were clarified at 15,000 x g for 30 min at 4 °C and 203 

supernatants transferred to a new RNase/DNase-free ice-chilled tube. We take an 204 

aliquot to assay RNA integrity by formaldehyde-agarose gel. During clarification step, we 205 

prepared 100 µL of Oligo d(T)25 Magnetic Beads (NEB S1419S) by washing and block 206 

in Lysis Buffer, containing either RVC or RNase A/DNase-Free, and 5% acetylated BSA 207 

for 1 hour at room temperature in a roller mixer. The beads (50 µL for each tube) were 208 

combined with clarified extract and incubated for 2 hours at 4 °C in a roller mixer. Before 209 

washes, we take an aliquot to assay RNA integrity by formaldehyde-agarose gel. Then 210 

magnetic beads were washed three times for 10 min each with Lysis Buffer (containing 211 

RVC or RNase A) using a magnetic stand. Then the beads were directly eluted with 212 

loading buffer and heated at 95 °C for 5 min. The samples were magnetically separated, 213 

and the supernatant recovers into a new tube. The samples were resolved by SDS-214 

PAGE and probed against the indicated antibodies. 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 
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