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SUMMARY: 18 
Here we present a protocol for DNAzyme-dependent cleavage of RNA. This enables fast and site-19 
dependent analysis of RNA 2’-O-methylation. This approach can be used for the preliminary or 20 
major assessment of snoRNA activity.  21 
 22 
ABSTRACT: 23 
Guide box C/D small nucleolar RNAs (snoRNAs) catalyze 2’-O-methylation of ribosomal and small 24 
nuclear RNA. However, a large number of snoRNA in higher eukaryotes may promiscuously 25 
recognize other RNA species and 2’-O-methylate multiple targets. Here, we provide step-by-step 26 
guide for the fast and non-expensive analysis of the site-specific 2’-O-methylation using a well-27 
established method employing short DNA oligonucleotides called DNAzymes. These DNA 28 
fragments contain catalytic sequences which cleave RNA at specific consensus positions, as well 29 
as variable homology arms directing DNAzyme to its RNA targets. DNAzyme activity is inhibited 30 
by 2-’O-methylation of the nucleotide adjacent to the cleavage site in the RNA. Thus, DNAzymes, 31 
limited only by the consensus of the cleaved sequence, are perfect tools for the quick analysis of 32 
snoRNA-mediated RNA 2’-O-methylation. We analyzed snoRNA snR13- and snR47-guided 2’-O-33 
methylation of 25S ribosomal RNA in Saccharomyces cerevisiae to demonstrate the simplicity of 34 
the technique and to provide a detailed protocol for the DNAzyme-dependent assay.  35 
 36 
INTRODUCTION: 37 
RNA modifications play important roles in the regulation of gene expression. RNA 2’-O-38 
methylation and pseudouridylation, which are guided by box C/D and box H/ACA small nucleolar 39 
RNAs (snoRNAs) respectively, protect RNA from degradation and stabilize their higher-order 40 
structures1-3. SnoRNA targets have been identified mainly in ribosomal RNAs (rRNA) and small 41 
nuclear RNAs (snRNAs). However, in higher eukaryotes, there are potentially hundreds of snoRNA 42 
with no assigned functions and some of them may recognize multiple RNAs1,4-7. Therefore, 43 
methods which allow for the identification and analysis of snoRNA-guided modifications are 44 
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important tools in uncovering mechanisms governing cellular processes. 45 
 46 
A box C/D snoRNA-guided putative 2’-O-methylation site can be identified bioinformatically and 47 
confirmed experimentally by many techniques, including RNase H-directed cleavage, or site-48 
specific and genome-wide methods, which employ reverse transcription in low nucleotides 49 
(dNTPs) concentration approach8-11. These techniques are very sensitive but also laborious and 50 
expensive, therefore, may not be suitable for the initial or quick testing. One of the simplest and 51 
low-cost methods to identify 2’-O-methylation sites is DNAzyme-dependent RNA cleavage12. 52 
DNAzymes are short, single-stranded and catalytically active DNA molecules capable of 53 
endonucleolytic cleavage of RNA at specific positions. They consist of a conserved and 54 
catalytically active core sequence and 5’ and 3’ binding arms composed of variable sequences 55 
designed to hybridize by Watson-Crick base-pairing to the RNA target (Figure 1). Thus, the 5’ and 56 
3’ arms deliver the catalytic sequence to the specific RNA site. DNAzyme-dependent cleavage is 57 
inhibited by 2’-O-methylation of the nucleotide positioned directly upstream of the cleavage 58 
site12,13. This makes DNAzymes very practical tools for the analysis of putative or known RNA 2’-59 
O-methylation sites.  60 
 61 
Two types of DNAzymes are used for RNA modifications analyses12. The active sequence of 10-62 
23 DNAzyme (Figure 1A) consists of 15 nucleotides (5’RGGCTAGCTACAACGA3’) which form a loop 63 
around the targeted RNA purine-pyrimidine (RY) dinucleotide and catalyze the cleavage between 64 
these two nucleotides. The RNA purine (R) is not base-paired with the DNAzyme and the 2’-O-65 
methylation presents on the DNAzyme inhibits the cleavage. The binding arms of 10-23 66 
DNAzymes are usually 10-15 nucleotides long. The second DNAzyme class, 8-17 DNAzymes 67 
(Figure 1B) contain 14-nucleotide catalytic sequence (5’TCCGAGCCGGACGA3’). Nucleotides C2, 68 
C3 and G4 pair with C9 G10 and G11 forming a short stem-loop structure. 8-17 DNAzymes cleave 69 
RNA upstream of any guanine that is imperfectly paired with the first thymine from the DNAzyme 70 
active sequence. The RNA nucleotide upstream of the guanine is not base-paired with DNAzyme 71 
and its 2’-O-methylation impairs the cleavage. 8-17 DNAzymes require longer homology arms of 72 
around 20 nucleotides to direct DNAzyme to its specific sequence.  73 
 74 
Here, we provide a step-by-step protocol for the analysis of 2’-O-methylation of rRNA in 75 
Saccharomyces cerevisiae using 10-23 and 8-17 DNAzyme-dependent approaches12,13 (Figure 76 
1C). This protocol can be easily adapted for other organisms and RNA species and employed for 77 
the fast, preliminary or major analyses of site-specific RNA 2’-O-methylation. 78 
 79 
PROTOCOL: 80 
 81 
1.  Strains, media and buffer recipes 82 
 83 
1.1. Prepare yeast (S. cerevisiae) media as detailed here: 1% w/v yeast extract, 2% w/v 84 
bacteriological peptone and, glucose and galactose stocks at 20% w/v. 85 
 86 
1.2.  Prepare sodium acetate (NaAc)-EDTA (AE) buffer by adding 50 mM NaAc pH 5.3 and 10 mM 87 
EDTA. 88 
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 89 
1.3.  Prepare 10-23 DNAzyme 4x Incubation Buffer as detailed here: 24 mM Tris pH 8, 60 mM 90 
NaCl and 10-23 DNAzyme 4x Reaction Buffer: 200 mM Tris pH 8 and 600 mM NaCl. 91 
 92 
1.4.  Prepare 8-17 DNAzyme 2x Reaction Buffer as detailed here: 200 mM KCl, 800 mM NaCl, 100 93 
mM HEPES pH 7.0, 15 mM MgCl2, and 15 mM MnCl2. 94 
 95 
1.5. Prepare 10x MOPS Buffer as detailed here: 200 mM MOPS, 50 mM NaAc, 1 mM EDTA; pH 96 
7.0 and 1.5x Sample Denaturing Buffer: 50% v/v formamide, 20% v/v formaldehyde, 1.5x MOPS 97 
buffer. 98 
 99 
1.6. Obtain S. cerevisiae strains, BY4741 (MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0); GAL1::SNR13 100 
(as BY4741 but GAL1::SNR13:KANmX); GAL1::SNR47 (as BY4741 but GAL1::SNR47:HIS3mX). Any 101 
other yeast strain can be used for this analysis.  102 
 103 
2. DNAzyme design 104 
 105 
2.1. Find RNA sequence of interest or putative methylation site using an appropriate database. 106 
For S. cerevisiae snoRNA targets, use yeast snoRNA database: 107 
http://people.biochem.umass.edu/fournierlab/snornadb/mastertable.php14  108 
 109 
2.2. To find the methylation site of interest, e.g., snR13-dependent site, select “snR13” and make 110 
a note of the position of the modified nucleotide (e.g., snR13-guided A2281 in 25S rRNA). 111 
 112 
2.3. Find sequences upstream and downstream of the modified nucleotide using appropriate 113 
database. For S. cerevisiae, use the Saccharomyces Genome Database: 114 
https://www.yeastgenome.org/ 115 
 116 
2.4. Search for the target gene name e.g., RDN25 (coding 25S rRNA). 117 
 118 
2.5. Select 10-15 nucleotides upstream and downstream of the methylation site when using a 10-119 
23 DNAzyme assay and 20 nucleotides upstream and downstream of the methylation site for the 120 
8-17 DNAzyme.  121 
 122 
2.6. Flank 10-23 or 8-17 DNAzyme catalytic sequence with a 5’ arm and a 3’ arm. 123 
 124 
2.7. Order DNAzyme as a normal DNA oligonucleotide from the supplier. 125 
 126 
3.  S. cerevisiae growth conditions 127 
 128 
NOTE: S. cerevisiae BY4741 strain derivatives were used, in which the expression of either SNR13 129 
or SNR47 snoRNA is driven from the inducible GAL1 promoter. In order to induce or inhibit their 130 
synthesis, grow cells on medium containing galactose (GAL1-dependent transcription on) or 131 
glucose (GAL1-dependent transcription off). As a control, use the wild type strain (BY4741) grown 132 
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either on galactose or glucose. 133 
 134 
3.1. Grow yeast strains in an appropriate medium and conditions. To analyze GAL1::SNR13 and 135 
GAL1::SNR47 strains as well as the isogenic wild type strain, grow cells in 50 mL of YP media with 136 
either 2% glucose (YPD) or galactose (YPGal) at 30 °C to the middle exponential phase.  137 
 138 
3.2. Centrifuge cells at 1,000 x g, for 3 min at 4 °C and keep the pellets. 139 
 140 
3.3. Remove and discard the supernatant. 141 
 142 
3.4. Freeze cell pellets in liquid nitrogen and store them at -80 °C. 143 
 144 
CAUTION: Liquid nitrogen may cause severe cryogenic burns. Always wear protective clothing 145 
and exercise safety precautions.  146 
 147 
NOTE: Cell pellets can be stored at -80 °C up to 1 month. The protocol can be paused here if 148 
needed.  149 
 150 
4. RNA isolation15 151 
 152 
NOTE: Use the most appropriate method to isolate RNA. For yeast S. cerevisiae, hot-phenol RNA 153 
extraction can be used.  154 
 155 
4.1. Add 1 mL of ice-cold water, resuspend the pellets and transfer resuspended cells to 1.5 ml 156 
microtubes. 157 
 158 
4.2. Centrifuge at 20,000 x g for 10 s at 4 °C and remove the supernatant. 159 
 160 

4.3. Add 400 L of AE buffer and resuspend the cells.  161 
 162 
NOTE: Steps 4.4 - 4.15 are performed at room temperature unless stated otherwise. 163 
 164 

4.4. Add 40 L of 10% SDS and 400 L of acid phenol (pH 4.5). 165 
 166 
CAUTION: Phenol is toxic and should be handled under a fume hood. Always wear a lab coat, 167 
protective gloves, and glasses when working with phenol. Dispose of the waste according to the 168 
institutional regulations. 169 
 170 
4.5. Mix well by vortexing for 20 s. 171 
 172 
4.6. Incubate at 65 °C for 10 min. Every 2 min, gently open and close the tube to release the 173 
pressure and flip the tube 2-3 times to mix the phases. 174 
 175 
4.7. Transfer the tubes to -80 °C and incubate for 10 min. 176 
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 177 
4.8. Defrost the tubes on the bench and centrifuge at 20, 000 x g, for 5 min at room temperature. 178 
 179 

4.9. Transfer the upper phase to a new tube containing 400 L acid phenol:chloroform:isoamyl 180 
alcohol (25:24:1). Do not disrupt the interphase. 181 
 182 
CAUTION: Chloroform is toxic and should be handled under a fume hood. Always wear a lab coat, 183 
protective gloves, and glasses when working with chloroform. Dispose of the waste according to 184 
institutional regulations. 185 
 186 
4.10. Mix well by vortexing for 30 s and centrifuge at 20, 000 x g for 10 min at room temperature. 187 
 188 

4.11. Transfer the upper phase (~400 L) to a new tube containing 400 L chloroform. 189 
 190 
4.12. Mix well by vortexing for 30 s and centrifuge at 20,000 x g for 5 min at room temperature. 191 
 192 

4.13. Transfer the upper phase (~300-350 L) to a new tube containing 1 mL of EtOH and 40 L 193 
of 7.5 M ammonium acetate (NH4AC). Mix by flipping the tube a few times. 194 
 195 
4.14. Incubate at -80 °C for 2 h or overnight at -20 °C. 196 
 197 
NOTE: The procedure can be paused here. 198 
 199 
4.15. Centrifuge at 20, 000 x g, for 10 min at 4 °C. A small, white RNA pellet will become visible 200 
on the bottom of the tube. 201 
 202 
4.16. Remove EtOH by pipetting to avoid disturbing the pellet. 203 
 204 
4.17. Add 1 mL of 70% EtOH and centrifuge at 20, 000 x g for 5 min at room temperature. 205 
 206 
4.18. Remove 70% EtOH by pipetting. 207 
 208 

4.19. Centrifuge at 20, 000 x g for 15 s and remove the remaining EtOH with 2-20 L pipette. 209 
 210 
4.20. Leave the tube open on the bench for 5 min to dry the RNA pellet.  211 
 212 
NOTE: RNA pellet changes its color from white to transparent when dry. 213 
 214 

4.21. Resuspend the RNA pellet in 30 L of RNase/DNase-free H2O, transfer the tube immediately 215 
on the ice and measure RNA concentration on microspectrophotometer. 216 
 217 
4.22. Freeze the samples at -20 °C. 218 
 219 
NOTE: RNA can be stored at -20 °C up to 1 month and at -80 °C up to 1 year. The procedure can 220 
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be paused here or proceeded directly to the next step. 221 
 222 
5. DNAzyme digestion 223 
 224 
5.1. 10-23 DNAzyme digestion 225 
 226 

5.1.1. In 1.5 mL tubes prepare an incubation mix by combining 5 g of RNA, 200 pmol of 10-23 227 

DNAzyme (2 L of 100 M stock solution) and 2.5 L of 4x 10-23 Incubation Buffer in a total 228 

volume of 10 L. Keep the tubes on ice. 229 
 230 
5.1.2. Transfer the tubes to a dry heat block set at 95 °C and incubate for 3 min. 231 
 232 
5.1.3. Transfer the tubes immediately on ice and incubate for 5 min. 233 
 234 
5.1.4. Spin down briefly and put the tubes back on the ice. 235 
 236 

5.1.5. Add 20 U of RNase inhibitor (e.g., 0.5 L RiboLock RNase inhibitor). 237 
 238 
5.1.6. Place the tubes in a dry heat block set for 25 °C and incubate for 10 min. 239 
 240 

5.1.7. In the meantime, prepare a reaction mixture in a 1.5 mL tube by combining 5 L of 4x 10-241 

23 Reaction Buffer with 4 L of 300 mM MgCl2 and 1 L H2O. Place the tube in a dry block set to 242 
37 °C. 243 
 244 

5.1.8. Transfer the incubation mix to a dry heat block set for 37 °C and add 10 L of pre-warmed 245 
reaction mix.  246 
 247 
5.1.9. Incubate the reaction at 37 °C for 1 h. 248 
 249 
5.1.10. Transfer the tubes on ice and proceed to step 5.3.1. 250 
 251 
5.2. 8-17 DNAzyme digestion 252 
 253 

5.2.1. Prepare a 1.5 mL microtube with 5 g of RNA in a total volume of 6 L. Keep the tube on 254 
ice. 255 
 256 

5.2.2. Prepare a 1.5 mL microtube with 400 pmol of 8-17 DNAzyme (4 L out of 100 M stock). 257 
Keep the tube on ice. 258 
 259 
5.2.3. Transfer the tubes to a dry heat block set for 95 °C and incubate for 2 min. 260 
 261 
5.2.4. Move the RNA sample on ice. 262 
 263 
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5.2.5. Spin down the tube with DNAzyme for 5 s and incubate at 25 °C for 10 min. 264 
 265 

5.2.6.  At the same time, prepare a 1.5 mL tube with 10 L of 2x 8-17 Reaction Buffer and incubate 266 
at 25 °C. 267 
 268 

5.2.7. Prepare a reaction mixture by adding 10 L of pre-warmed 2x Reaction Buffer to the tube 269 
with DNAzyme. 270 
 271 

5.2.8. Transfer 14 L of the reaction mix to the tube with RNA and add 20 U of RNase inhibitor. 272 
 273 
5.2.9. Incubate the reaction at 25 °C for 2h. 274 
 275 
5.2.10. Transfer the tube on ice and proceed to RNA purification (step 5.3.1). 276 
 277 
5.3. RNA purification 278 
 279 

5.3.1. Add 350 L of water and 400 L of chloroform to the reaction tube, mix well by vortexing 280 
for 30 s and centrifuge at 20,000 x g for 5 min at room temperature. 281 
 282 

5.3.2. Transfer the upper phase (~300-350 L) to a new tube containing 1 mL of EtOH, 40 L of 283 

7.5 M NH4AC and 1 L of glycogen (10 g/L). Mix by flipping the tube a few times. 284 
 285 
5.3.3. Incubate at -80 °C for 2 h or overnight at -20 °C. 286 
 287 
NOTE: The procedure can be paused here. 288 
 289 
5.3.4. Repeat steps from 4.15 to 4.21. 290 
 291 

5.3.5. Resuspend the RNA pellet in 10 L of RNase/DNase-free H2O and transfer the tubes 292 
immediately on ice. 293 
 294 
5.3.6. Freeze the samples at -20 °C.  295 
 296 
NOTE: RNA can be stored at -20 °C up to a month and at -80 °C up to 1 year. The procedure can 297 
be paused here or proceed to RNA electrophoresis. 298 
 299 
6. RNA electrophoresis  300 
 301 
6.1. Spray the electrophoresis equipment (tank, tray, comb) with 1% SDS, leave for 15 min and 302 
rinse with plenty of ddH2O. 303 
 304 
6.2. Dissolve 1.5 g of agarose in 127.5 mL of ddH2O by heating it in the microwave.  305 
 306 
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6.3. Add 15 mL of 10x MOPS and 7.5 mL of 37% formaldehyde to the agarose solution (total 307 
volume is 150 mL). 308 
 309 
CAUTION: Formaldehyde is toxic and should be handled under a fume hood. Always wear a lab 310 
coat, protective gloves, and glasses when working with formaldehyde. Dispose of the waste 311 
according to institutional regulations. 312 
 313 

6.4. Add an appropriate amount of a gel stain of choice to the agarose solution (e.g., 15 L of 314 
SYBR Safe DNA gel stain). Mix well and pour the agarose to the tray. 315 
 316 
6.5. Insert a comb in the gel immediately. 317 
 318 
6.6. Leave it for 45 min under the fume hood. Cover the tray with aluminum foil when using a 319 
light-sensitive gel stain. 320 
 321 
6.7. Prepare 600 mL of 1x MOPS buffer. 322 
 323 
6.8. RNA sample preparation 324 
 325 

6.8.1. In a 1.5 mL tube, combine 10 L of the digested and purified RNA sample, 5 L of Sample 326 

Denaturing Buffer and 0.5 L of 6x Loading Dye. 327 
 328 
CAUTION: Formamide is toxic and should be handled under a fume hood. Always wear a lab coat, 329 
protective gloves, and glasses when working with formamide. Dispose of the waste according to 330 
institutional regulations. 331 
 332 
6.8.2. Incubate RNA samples at 70 °C for 5 min. Transfer the samples on ice. Incubate for 5 min. 333 
 334 
6.8.3. Spin down briefly before loading on the gel. 335 
 336 
6.9. Put the gel in the electrophoresis tank and fill with 1x MOPS buffer. Load the entire volume 337 

of each sample (15 L) on the gel. Run at 80 V until bromophenol blue reaches 2/3 of the gel 338 
length. 339 
 340 
6.10. Image the gel using an imager appropriate to detect the chosen gel stain (e.g., UV 341 
transilluminator). 342 
 343 
REPRESENTATIVE RESULTS: 344 
 345 
The utility of the DNAzyme-dependent cleavage in the analysis of rRNA modifications has been 346 
shown recently in the context of snoRNAs maturation13. The DNAzyme-dependent assay was 347 
used to show that lack of 5’-end pre-snoRNA processing affects 2’-O-methylation levels of 25S 348 
and 18S rRNA in S. cerevisiae13.  349 
 350 
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Here, we used an inducible snoRNA transcription system to demonstrate the effectiveness and 351 
simplicity of the technique. Box C/D snR13 guides methylation at two positions in 25S rRNA, 352 
including adenine 2281 (Figure 2A). This nucleotide is followed by uracil, which constitutes the 353 
consensus dinucleotide (RY) cleavable by a 10-23 DNAzyme. Box C/D snR47 also guides 354 
methylation of two nucleotides in 25S rRNA (Figure 2B). The adenine in position 2220 is followed 355 
by a guanine residue and this dinucleotide can be cleaved by an 8-17 DNAzyme. In order to induce 356 
or inhibit synthesis of either snR13 or snR47 snoRNA, we inserted the inducible GAL1 promoter 357 
upstream of either SNR13 or SNR47 genes and cultivated cells in medium containing galactose 358 
(GAL1-dependent transcription on) or glucose (GAL1-dependent transcription off). Next, RNA 359 
isolated from GAL1::SNR13 cells were incubated with 10-23 DNAzyme designed to cleave 25S 360 
rRNA at snR13-dependent site, in between nucleotides 2281 and 2282 (Figure 2C). RNA from 361 
GAL1::SNR47 strain was treated with 8-17 DNAzyme targeting snR47-dependent site in between 362 
nucleotides 2220 and 2221 (Figure 2D). As a control, RNA from the wild-type BY4741 strain 363 
growing on either galactose or glucose was incubated with both DNAzymes. Electrophoresis of 364 
the DNAzyme-treated RNA revealed that 25S rRNA extracted from GAL1::SNR13 and 365 
GAL1::SNR47 strains growing on galactose (GAL) remained intact (Figure 3A,B; lanes 3). In 366 
contrast, RNA isolated from GAL1::SNR13 and GAL1::SNR47 cells growing on glucose (GLC) was 367 
digested by respective DNAzymes (Figure 3A,B; lanes 4). In both cases, the 25S rRNA band 368 
decreased and 5’ and 3’ cut-off cleavage products (A and B) were observed. This indicates that in 369 
GAL1::SNR13 and GAL1::SNR47 strains, 25S rRNA was 2’-O-methylated at snR13- or snR47-guided 370 
sites when galactose was used as a carbon source and these snoRNA were expressed. The lack of 371 
25S rRNA methylation when snR13 or snR47 expression was shut off on glucose allowed for 372 
DNAzyme-dependent cleavage. No RNA digestion was observed for wild-type samples (Figure 373 
3A,B; lanes 1 and 2), as the expression of snR13 and snR47 is galactose/glucose-independent in 374 
this strain. Therefore, rRNA was normally methylated and so resistant to DNAzymes activity. 375 
 376 
Overall, our experiment shows that the cleavage activity of 10-23 (Figure 3A) and 8-17 (Figure 377 
3B) DNAzymes correlated with the absence of box C/D snR13 or snR47, clearly indicating that 378 
these snoRNA are responsible for 25S rRNA 2’-O-methylation at particular sites. 379 
 380 
FIGURE AND TABLE LEGENDS:  381 
 382 
Figure 1: DNAzymes and their RNA substrates. (A) 10-23 DNAzymes cleave a purine-pyrimidine 383 
(RY) RNA dinucleotide. R in the RNA is not paired with DNAzyme, while Y is complementary to 384 
the R base in the DNAzyme. Methylation of the purine (R) in RNA suppresses DNAzyme-385 
dependent cleavage. (B) 8-17 DNAzymes cleave RNA upstream of guanine that is imperfectly 386 
paired with the first thymine in the DNAzyme catalytic sequence. The nucleotide preceding 387 
guanine is not paired and its methylation protects from DNAzyme-dependent cleavage. RNA is 388 
shown in grey (apart from the methylation site), DNAzyme is shown in purple. N – any nucleotide, 389 
R – purine: adenine or guanine, Y – pyrimidine: cytosine or uracil; CH3- denotes RNA methylation. 390 
Base pairing within the DNAzyme active sequences is marked by dotted lines. A blue lightning 391 
bolt marks the cleavage site. (C) A flowchart showing the steps of a DNAzyme-dependent 392 
analysis. 393 
 394 
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Figure 2: DNAzymes targeting snR13- and snR47-dependent methylation sites in 25S rRNA 395 
(A, B) Browser screenshots showing snR13-dependent (A) and snR47-dependent (B) methylation 396 
sites in 25S rRNA (C) 25S rRNA sequence surrounding snR13-dependent methylation site (A2281) 397 
and 10-23 DNAzyme (shown in purple) designed to cleave RNA between A2281 and U2282. A2281 is 398 
not paired with the DNAzyme while U2282 forms a pair with the first nucleotide from the DNAzyme 399 
active sequence (marked by a blue line). A blue lightning bolt marks the cleavage. (D) 25S rRNA 400 
sequence surrounding snR47-dependent methylation site (A2220) and 8-17 DNAzyme (shown in 401 
purple) designed to cleave RNA between A2220 and G2221. A2220 is not hybridized with the DNAzyme 402 
while G2221 is imperfectly paired with thymine (denoted with a dashed line). A blue lightning bolt 403 
marks the cleavage site. 404 
 405 
Figure 3: Analysis of site-specific 2’-O-methylation of 25S rRNA using 10-23 and 8-17 DNAzyme-406 
dependent assay. (A) Analysis of snR13-dependent 25S rRNA methylation using 10-23 DNAzyme. 407 
(B) Analysis of snR47-dependent 25S rRNA methylation using 8-17 DNAzyme. RNA was visualized 408 
staining in a denaturing agarose gel. Cleavage products A and B are marked by red arrows. WT – 409 
wild-type strain; GAL – galactose, GLC – glucose. 410 
 411 
DISCUSSION: 412 
DNAzyme-dependent digestion can be used as a simple and quick method to analyze site-specific 413 
RNA 2’-O-methylation12,13. DNAzymes cleave RNA if the nucleotide upstream of the cleavage site 414 
is not methylated. In contrast to other approaches, including RNase H-directed digestion, alkaline 415 
degradation or reverse transcription in low nucleotides concentration followed by quantitative 416 
PCR or sequencing8,10,11,16, DNAzyme approach requires a simple DNA oligonucleotide and basic 417 
reagents that are present in any molecular biology laboratory. Moreover, DNAzymes may be used 418 
in a similar way to analyze RNA pseudouridylation mediated by box H/ACA snoRNA12, which 419 
makes them versatile tools in studying snoRNA targets.  420 
 421 
DNAzyme-dependent approaches are limited only by cleavage site consensus sequences17. 10-23 422 
DNAzymes can be used to analyze 2’-O-methylation only at position R of the RY dinucleotide, 423 
while 8-17 DNAzymes recognize the modification of the nucleotide located upstream of guanine. 424 
As a result, modifications like 2’-O-methylation of the first nucleotide in the dinucleotides 425 
guanine-adenine (GA), adenine-adenine (AA), pyrimidine-adenine (YA) and pyrimidine-426 
pyrimidine (YY) cannot be analyzed. Moreover, the low efficiency of DNAzyme-dependent 427 
cleavage12 should be considered. Although some DNAzymes cleave RNA almost completely 428 
(Figure 3B), many DNAzymes only partially digest their targets (Figure 3B). The efficiency may 429 
depend on the sequence surrounding the cleavage site. For example, RNA regions with stretches 430 
of the same nucleotide may affect the correct positioning of the DNAzyme active sequence. 431 
Furthermore, RNA regions forming strong secondary structure may re-hybridize and suppress 432 
DNAzyme binding to the target sequence. To overcome these issues, cycles of heating and cooling 433 
of the 10-23 DNAzyme and its RNA substrate can be applied18. 434 
 435 
We used the DNAzyme approach to investigate 2’-O-methylation of rRNA. One can also  use this 436 
technique to analyze other RNA modifications, such as N6‐methyladenosine19. Ribosomal RNA, 437 
due to its abundance, can be analyzed by electrophoresis and the cleavage products can be 438 
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visualized under the UV light. However, this is not applicable for less abundant RNAs like RNA 439 
Polymerase II-generated coding RNAs (mRNA) and non-coding RNAs (ncRNA). These RNAs cannot 440 
usually be detected directly by RNA staining in agarose or polyacrylamide gels. In such cases, 441 
DNAzyme-dependent cleavage can be visualized by Northern blotting, indirectly detected by 442 
PCR/quantitative PCR or analyzed by quantitative PCR with polymerases (e.g., KlenTaq DNA 443 
Polymerase) capable of discriminating 2′-O-methylated RNA from unmethylated RNA20,21. 444 
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Chemicals Company Catalog Number Comments/Description

Acid phenol SIGMA P4682

Agarose VWR A2114

Ammonium acetate SIGMA A1542

Chlorophorm Fisher scientific 10293850

DNase/RNase free water Fischer Scientific 10526945

DNAzyme Integrated DNA Technology Custom oligo DNA

EDTA SIGMA E9884

Ethanol Absolute Fisher scientific 10437341

Formaldehyde Sigma F8775

Formamide sigma F9037

Galactose SIGMA G0750

Gel Loading Dye Thermo Fisher Scientific R0611

Glucose SIGMA G7021

Glycogen Thermo Fisher Scientific R0561

HEPES SIGMA H3375

Isoamyl SIGMA W205702

KCl SIGMA P9333

MgCl2 SIGMA M8266

MnCl2 SIGMA 244589

MOPS SIGMA M1254

NaCl SIGMA S7653

Oxoid Peptone Bacteriological Thermo Fisher Scientific LP0037

Oxoid Yeast Extract Powder Thermo Fisher Scientific LP0021

RiboLock RNase Inhibitor (40 U/µL) Thermo Fisher Scientific EO0382

SDS SIGMA 74255

Sodium acetate trihydrate SIGMA S8625

SYBR Safe DNA Gel Stain Thermo Fisher Scientific S33102

Table of Materials Click here to access/download;Table of Materials;010419
Winczura&Grzechnik_Materials.xls

https://www.editorialmanager.com/jove/download.aspx?id=1022692&guid=fc192719-33ad-4aba-8e14-a70ed4b8842a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1022692&guid=fc192719-33ad-4aba-8e14-a70ed4b8842a&scheme=1


Tris base SIGMA TRIS-RO

Equipment Company

1.5 mL microtubes Sarstedt

152VR5C01M -80°C freezer Thermo Fisher Scientific

250 mL Erlenmeyer flasks Cole-Parmer

50 mL conical tubes Sarstedt

Combicup VX200 vortex Appleton Woods

DS-11 microspectrophotometer Denovix 
Electrophoresis chamber (20 cm 

tray) SIGMA

FiveEasy F20 pH meter Appleton Woods

Gel documentation system Syngene

Heraeus Fresco 21 micro centrifuge Fisher Scientific
Megafuge 8R centrifuge with 

rotator suitable for 50 mL conical 

tubes Fisher Scientific

Mini Fuge Plus mini centrifuge Starlab

Mixer HC thermal block Starlab

OLS26 Shaking Water Bath Grant 

PowerPac power supplier BioRad



ARTICLE AND VIDEO LICENSE AGREEMENT - UK 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

� Standard Access  � Open Access
 
Item 2: Please select one of the following items: 

� The Author is NOT a United States government employee. 

� The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

� The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: "Agreement" means this Article and 
Video License Agreement; "Article" means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; "Author" 
means the author who is a signatory to this Agreement; 
"Collective Work" means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
"CRC License" means the Creative Commons Attribution 3.0 
Agreement (also known as CC-BY), the terms and conditions 
of which can be found at: 
http://creativecommons.org/licenses/by/3.0/us/legalcode
; "CRC NonCommercial License" means the Creative 
Commons Attribution-NonCommercial 3.0 Agreement (also 
known as CC-BY-NC), the terms and conditions of which can 
be found at: http://creativecommons.org/licenses/by-
nc/3.0/legalcode; "Derivative Work" means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; "Institution" means the 
institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; "JoVE" means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; "Materials" means the Article 
and / or the Video; "Parties" means the Author and JoVE; 
"Video" means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 

affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 
of the Article, and in which the Author may or may not 
appear.  
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and (c) to license others to do 
any or all of the above. The foregoing rights may be 
exercised in all media and formats, whether now known or 
hereafter devised, and include the right to make such 
modifications as are technically necessary to exercise the 
rights in other media and formats. If the "Open Access" box 
has been checked in Item 1 above, JoVE and the Author 
hereby grant to the public all such rights in the Article as 
provided in, but subject to all limitations and requirements 
set forth in, the CRC License. If the "Standard Access" box 

 

 

Author License Agreement (ALA)

DNAzyme-Dependent Analysis of rRNA 2’-O-Methylation 

Kinga Winczura, Pawel Grzechnik

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_UK_new.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1023525&guid=fededb57-ba36-4591-b31d-b9a8ba6a0718&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1023525&guid=fededb57-ba36-4591-b31d-b9a8ba6a0718&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT - UK 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

has been checked in Item 1 above, JoVE and the Author 
hereby grant to the public all such rights in the Article as 
provided in, but subject to all limitations and requirements 
set forth in, the CRC NonCommercial License. 
4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the 
non-exclusive right to use all or part of the Article for the 
non-commercial purpose of giving lectures, presentations 
or teaching classes, and to post a copy of the Article on the 
Institution's website or the Author's personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE's copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author.  
5. Grant of Rights in Video - Standard Access. This 
Section 5 applies if the "Standard Access" box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE.  
6. Grant of Rights in Video - Open Access. This 
Section 6 applies only if the "Open Access" box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats.  
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 
rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 

such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute.  
8. Protection of the work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author's name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws.  
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author's 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 



ARTICLE AND VIDEO LICENSE AGREEMENT - UK 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

discretion andwithout giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author's institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney's 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney's fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author's or the Author's institution's 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contaminationdue to 
the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 

decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author's expense. All indemnifications provided herein 
shall include JoVE's attorney's fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors.  
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE's successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement. 

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:   
 
Department:  
 
Institution:  
 
Title:  
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

Pawel Grzechnik

School of Biosciences

University of Birmingham

Dr, PI

03.04.2019



 
SCHOOL OF BIOSCIENCES  

 
Dr Pawel Grzechnik 

Nuclear RNA Biology Group 

Principal Investigator 

Royal Society and Wellcome Trust Sir Henry Dale Fellow 

Edgbaston 

Birmingham, B15 2TT 

Tel. +44 1214143669 

Email: P.L.Grzechnik@bham.ac.uk 

 

 

Birmingham, 3rd April 2019 

    

 

The Review Editor 

Journal of Visualized Experiments  

 
 

Dear Vineeta, 

Thank you for your reply and for the helpful comments from the reviewers. We have worked 

hard to address the comments and suggestions of the editor and the reviewers, placing 

particular emphasis on the clarity of the protocol.  

Substantial improvement has been done regarding composition of the essential steps of the 

protocol for the video and clarity of text. We have added requested references and figures as 

well as we have discussed weaknesses and strengths of the technique. 

Overall, we believe the manuscript is now very much improved and hope it is suitable for 

publication. 

Below we give responses to the reviewers’ individual comments.  
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Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 

errors in the submitted revision may be present in the published version. 

A: Done 

 

2. Please sort the Materials Table alphabetically by the name of the material. 

A: Sorted. 

 

3. Please revise the title to be more concise: “Quick Protocol for” can be removed. 

A: Corrected. 

 

4. Please ensure that all text in the protocol section is written in the imperative tense as if 

telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 

should be described in the imperative tense in complete sentences wherever possible. Avoid 

usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. 

Any text that cannot be written in the imperative tense may be added as a “Note.” However, 

notes should be concise and used sparingly. Please include all safety procedures and use of 

hoods, etc. 

A: Corrected. 

 

5. Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. 

A: Corrected. 

 

6. 3.2: What happens after centrifugation? 

A: Explained. 

 

7. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 

identifies the essential steps of the protocol for the video, i.e., the steps that should be 

visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted 

Protocol steps will remain in the manuscript, and therefore will still be available to the reader. 

A: Done. 

 

8. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from 

one highlighted step to the next. Please highlight complete sentences (not parts of sentences). 

Please ensure that the highlighted part of the step includes at least one action that is written in 

imperative tense. 

A: Done. 

 

9. Please do not abbreviate journal titles in the References. 

A: We downloaded and used JoVE Endnote style. The titles in the references appear 

according to the style indicated by JoVE’s “guidelines for authors”. 

 

 

Reviewers' comments: 
 



Please note that novelty is not a requirement for publication and reviewer comments 

questioning the novelty of the article can be disregarded. 

A: We are not willing to disregard any comment as this is disrespectful for the reviewers. We 

recommend to advise reviewers about the character and mission of the journal.  

 

 

Reviewer #1: 
Manuscript Summary: 

The manuscript outlines a protocol for detection of ribose-methylation in ribosomal RNA. 

The detection is based on the inhibitory effect of ribose-methylation on custom-designed 

DNAzymes, resulting in absence of cleavage if the targeted RNA nucleotide is ribose-

methylated. DNAzyme cleaving activity on ribosomal RNA is assayed by denaturing agarose 

gel electrophoresis. 

The manuscript is generally well written, and the protocol is easy to follow with only a few 

minor points that should be clarified (see below). The protocol essentially only requires 

standard lab equipment, but it is debatable if analysis is "quick" as stated in the Abstract, 

since design and production of DNAzymes is required for each new target. 

A: We were advised by the journal to remove “quick protocol” from the title. However, we 

would like to point out that design, purchase and delivery of the oligo does not take longer 

than 3 working days.  

 

Major Concerns: 

A main concern with the method is the extremely low "catalytic" efficiency of the 

DNAzymes. The protocol uses several hundred-fold excess of DNAzyme to substrate, and 

still only a minor fraction of the substrate rRNA is cleaved. Given this very low efficiency, 

absence of cleavage may not mean methylation of the target nucleotide, but merely that the 

amount of cleaved substrate is below detection level. Many biological set-ups will not have 

the option for positive or negative controls as used in this work. This aspect must be included 

in the discussion as a minimum. 

Secondly, the protocol described here is very close to a protocol publishes in "Analytical 

Biochemistry" in 2007 (reference 12 in this manuscript). It is not obvious that the current 

manuscript offers improvements or "tricks" that cannot be found in the 2007 publication. 

A: In the revised version of the manuscript we discussed low efficiency issue and possible 

ways to tackle this problem. 

Indeed, we followed established protocol in our studies. We raised the issue of the lack of 

novelty of the protocol when we had been initially approached by the editor. We were 

informed that the scope of JoVE is to provide a video guidance, not to publish a new or an 

improved method. 

 

Minor Concerns: 

-The title should be modified to make it clear that the protocol is essentially only applicable 

to ribosomal RNA due to its abundance. 

A: We modified the title. We also discuss that the method can be used for less abundant RNA 

and the presence of the cleavage can be detected by more sensitive methods. 

 

-Step 4.13: NH4AC is not an obvious abbreviation - define. Is the pH relevant here - acidic 

salts are often preferred for RNA precipitation 

A: Corrected. We do not adjust pH of this solution. 



 

-Step 4.22: A gel check for RNA quality should be introduced. Partially degraded RNA will 

make subsequent DNAzyme cleavage nearly impossible to assess. 

A: RNA degradation usually manifests in equal disappearance of bands and smearing. It is 

very unlikely that degradation would be only endonucelolytic and would appear as a single 

band which corresponds to the size of the cleavage product. 

 

-Step 5.3.4: Is there a need for glycogen as precipitation carrier? 

A: Glycogen facilitates visualization and handling of the precipitated RNA pellet. 

 

-Step 6.2: I guess that dissolving of agarose in water requires boiling!? 

A: Yes. Information added. 

 

 

Reviewer #2: 
Manuscript Summary: 

Using DNAzymes for RNA modification analysis is an attractive low cost approach that 

might allow targeted RNA modification analysis in low-throughput format and which should 

be accessible to a broader audience. The manuscript by Winczura and Grzechnik represents 

an easy-to-use protocol for detecting 2'-O-Me, which might be a good addition to the 

experimental repertoire of any lab interested in performing some targeted analysis of specific 

transcripts before embarking on a genome-wide hunt for additional ribose-methylation sites. 

This reviewer supports publication after the minor concerns I state below have been 

addressed. 

 

Minor Concerns: 

The introductory section should contain a paragraph that informs the interested reader that the 

use of DNAzymes for the detection of RNA modifications could and does extend beyond 

testing for 2'-O-Me. 

 

- Z. Zaborowska, J. P. Fürste, V. A. Erdmann, J. Kurreck, J. Biol. Chem. 2002, 43, 40617. 

- S. Schubert, D. C. Gül, H.-P. Grunert, H. Zeichhardt, V. A. Erdmann, J. Kurreck, Nucleic 

Acids Res. 2003, 31, 5982. 

- m6A in RNA (DOI: 10.1002/ange.201808745) should be mentioned and referenced. 

- 2'-O-Me analysis (PMID: 25074936) should be mentioned and referenced. 

A: We added references Sednev et al., 2018 as well as Lee and Bogenhagen, 2014.  

Zaborowska et al. and Schubert et al. describe optimization of the technique and therefore are 

not suitable in this context. 

 

Figure 3 should be inverted (black/white) like it was done in Grzechnik, P. et al. Nuclear fate 

of yeast snoRNA is determined by co-transcriptional Rnt1 cleavage. Nat Commun. 9 1783, 

(2018). This would allow to see the weak banding pattern in Figure 3b to believe that an 

agarose gel is indeed a readout for the technique. 

A: We compare both options and, in our opinion, white and black is more informative. 

 

The discussion contains a list of potential drawbacks of the method. One is: "The second 

drawback is low efficiency of DNAzyme-dependent cleavage". As other protocols using 

DNAzymes used cycles of heating/annealing and cutting to improve the efficiency, it would 

be good if the authors would mention such possibility in their workflow or the discussion 

with the appropriate reference such as PMID: 17998290). 



A: We added this information to the manuscript. 

 

Reviewer #3:  
In this manuscript Winzcura and Grzechnik describe the method allowing to check the 2'-O-

methylation status of certain rRNA nucleotides, using specific RNA-cleaving DNAzymes. In 

the presence of 2'-O-methylation the cleavage is compromised, allowing to distinguish fully 

methylated and unmethylated sites. In principle the method is somehow useful and 

sometimes used in the RNA methylation field, however the reviewer has serious doubts on 

the proposed manuscript. 

My major concerns are both total lack of novelty and also limited efficiency/usefulness for 

the proposed protocol. Original idea comes from Dr. D.Entian's lab (ref 12 in the manuscript) 

and the protocol used here was already published >10 years ago. As far as I can see, in the 

current manuscript the protocol remains essentially the same, so, except additional visual 

illustration of routine RNA biology manipulations, the manuscript does not bring anything 

new nor really helps new users in the field to apply it efficiently to other projects. 

This is related to the intrinsic weakness of the method itself, by my own experience I know 

that the success of this approach heavily relies on the design of DNAzymes used for cleavage 

and some sites in rRNA are even not amenable to testing due to unfavourable sequence 

context, and most probably strong secondary rRNA structure around. Regrettably, authors 

provide only some very broad and imprecise guidelines on the DNAzyme design and 

illustrate the success with only one example of cleavage for both DNAzyme types used in 

this study. 

To be really useful for the field, such method development study should be completed by 

much more extensive repertoire of "testable" sites (even for yeast rRNA, one should indicate 

which sites can be tested and with which DNAzyme, followed by experimental validation) 

and more serious optimization of the length and sequence of DNAzyme regions 

complementary to target rRNA. 

In conclusion, in its current state, the manuscript brings very little new insight into the 

proposed analytical approach, and more experimental work and optimizations are required to 

warrant publication. 

A: As the reviewer noticed this is established method which has been known and used for 

many years. We raised the issue of the lack of novelty of the protocol when we had been 

initially approached by the journal. The editor informed us that the scope of JoVE is to 

provide a video guidance for researchers and students not to publish a new or an improved 

method. Therefore, the above comment should be directed to the editor, not to the authors. 

 

Reviewer #4:  
Manuscript Summary: 

This is a methods article to determine site specific 2'-O-Methylation of 25S ribosomal RNA 

in Saccharomyces cerevisiae by snoRNA snR13 and snR47. The authors utilize DNAzyme, 

short DNA oligonucleotides, for quick and cheap analysis of RNA methylation via snoRNA 

as determined by RNA electrophoresis. However, there are some suggested changes that 

needs to be addressed. 

 

Major Concerns: 

1. This is a methods paper, so it would be helpful for the readers to have a flowchart or a 

diagrammatic representation of the methods added to the figures. 

A: A flow chart has been added. 

 



2. Please incorporate the following paper in your citation: 

"Direct and site-specific quantification of RNA 2′-O-methylation by PCR with an engineered 

DNA polymerase" by Joos Aschenbrenner and Andreas Marx and was published in NAR in 

2016. This paper described the detection of 2'-O-methylation via a thermostable KlenTaq 

DNA polymerase variant. Perhaps this can be incorporated in the last paragraph of page 9 

where the different methods for detecting 2'-O-methylation of RNA is discussed. 

A: The citation has been added. 

 

3. Please elaborate the last paragraph of page 9. The discussion for detecting 2'-O-

methylation of RNA by various different methods should be more detailed. 

A: We improved the discussion. 

 

Minor Concerns: 

1. Please discuss in a bit more detail the known functions of snoRNAs in the first paragraph 

of your introduction section (page1). 

A: We think that discussing snoRNA functions is above the scope of the manuscript. 

 

2. Please check the sentence structure of line 62 in page 1. 

A: Corrected. 

 

3. Line 97: provide full form for AE buffer. 

A: Corrected. 

 

4. The suggestion as provided in line 170 and others should start with "Note:" or "Helpful 

Suggestion:". I suggest changing "CAUTION" (line 174 etc.) to "Note" or "Helpful 

Suggestion" as well. 

A: We feel that “Caution” is an adequate word when giving precautionary measures in order 

to be safe. We introduced “Note” in other parts of the manuscript. 

 

5. Please mention an approximate days/months for the duration of which the sample can be 

stored (line 159, 206, 228, 298, 307) 

A: Information added. 

 

6. Please add citations for line 359 "The utility of the DNAzyme-dependent... of snoRNAs 

maturation." and line line 436 "The major disadvantage... consensus sequences." 

A: The citation has been added. 


