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SUMMARY:  26 
We have developed a simple and inexpensive protocol to load Cas9/single-guide RNA (sgRNA) 27 
ribonucleoprotein complexes within virus-like particles. These particles, called “Nanoblades”, 28 
allow efficient delivery of the Cas9/sgRNA complex in immortalized and primary cells as well as 29 
in vivo. 30 
 31 
ABSTRACT:  32 
The clustered regularly interspaced short palindromic repeats (CRISPR)-Cas system has 33 
democratized genome-editing in eukaryotic cells and led to the development of numerous 34 
innovative applications. However, delivery of the Cas9 protein and single-guide RNA (sgRNA) into 35 
target cells can be a technically challenge. Classical viral vectors, such as those derived from 36 
lentiviruses (LVs) or adeno-associated viruses (AAVs), allow for efficient delivery of transgenes 37 
coding for the Cas9 protein and its associated sgRNA in many primary cells and in vivo. 38 
Nevertheless, these vectors can suffer from drawbacks such as integration of the transgene in 39 
the target cell genome, a limited cargo capacity, and long-term expression of the Cas9 protein 40 
and guide RNA in target cells.  41 
 42 
To overcome some of these problems, a delivery vector based on the murine Leukemia virus 43 
(MLV) was developed to package the Cas9 protein and its associated guide RNA in the absence 44 
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of any coding transgene. By fusing the Cas9 protein to the C-terminus of the structural protein 45 
Gag from MLV, virus-like particles (VLPs) loaded with the Cas9 protein and sgRNA (named 46 
“Nanoblades”) were formed. Nanoblades can be collected from the culture medium of producer 47 
cells, purified, quantified, and used to transduce target cells and deliver the active Cas9/sgRNA 48 
complex. Nanoblades deliver their ribonucleoprotein (RNP) cargo transiently and rapidly in a 49 
wide range of primary and immortalized cells and can be programmed for other applications, 50 
such as transient transcriptional activation of targeted genes, using modified Cas9 proteins. 51 
Nanoblades are capable of in vivo genome-editing in the liver of injected adult mice and in 52 
oocytes to generate transgenic animals. Finally, they can be complexed with donor DNA for 53 
“transfection-free” homology-directed repair. Nanoblade preparation is simple, relatively low-54 
cost, and can be easily carried out in any cell biology laboratory. 55 
 56 
INTRODUCTION:  57 
Compared to other programmable nucleases, the CRISPR-Cas system dramatically simplified and 58 
democratized the procedure of sequence-specific genome targeting and cleavage in eukaryotic 59 
cells. Through the simple expression of a sgRNA, users can program the Cas9 protein (or 60 
optimized variants) for almost any cellular locus1. In this scenario, delivery of the Cas9 protein 61 
and sgRNA becomes the main limitation when performing site-directed mutagenesis. In 62 
immortalized cells, the sgRNA and the Cas protein can be easily expressed from transfected 63 
plasmids to achieve efficient genome targeting in most cells. However, constitutive expression of 64 
the Cas9/sgRNA complex can increase off-target activity of the Cas9 protein and introduce 65 
undesired changes in non-specific loci2. In primary cells, DNA transfection can be technically 66 
difficult to achieve and lead to poor expression or a small percentage of transfected cells. 67 
Alternatives to classic DNA transfection comprise the use of viral vectors that deliver a transgene 68 
coding for the Cas9 and sgRNA or the electroporation of recombinant Cas9 protein coupled to a 69 
synthetic sgRNA. However, these approaches can lead to transgene integration within the cell 70 
host genome (as is the case for classical retroviral and lentiviral expression vectors), restriction 71 
by cellular factors, and lead to constitutive expression of the Cas9 protein and sgRNA.  72 
 73 
Electroporation of the Cas9/sgRNA RNP complex can overcome most of these problems and lead 74 
to efficient and transient delivery in primary cells and in vivo as well as allow a dose-dependent 75 
response. Nevertheless, it usually relies on expensive equipment and reagents and is also difficult 76 
to upscale if a large number of cells have to be treated. As an alternative to the above-mentioned 77 
techniques, these authors have developed “Nanoblades”—a retroviral delivery vector for the 78 
Cas9 protein and sgRNA3 that is conceptually similar to other viral-derived capsid protein delivery 79 
systems4–8. Nanoblades exploit the natural capacity of the Gag polyprotein from retroviruses to 80 
produce, when expressed alone in cultured cells, VLPs that are released in the extracellular 81 
medium9. By fusing the Cas9 protein to the C-terminal end of the murine leukemia virus (MLV) 82 
Gag polyprotein and co-expressing the sgRNA and viral envelope glycoproteins, the Cas9 protein 83 
can be encapsidated within released VLPs or Nanoblades. Upon purification, the Nanoblades can 84 
be incubated with target cells or injected in vivo to mediate rapid, transient, and dose-dependent 85 
delivery of the Cas9/sgRNA RNP complex3.  86 
 87 
Nanoblades can be programmed with multiple sgRNAs for simultaneous editing at different loci 88 
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or with Cas9 variants to perform other applications such as target-specific transcriptional 89 
activation or repression3. In contrast to protein electroporation, which relies on recombinant 90 
expression, newly described Cas variants from the literature can be easily cloned into the Gag 91 
fusion expression vector, making it a versatile platform. Nanoblades can be further complexed 92 
or loaded with single-stranded and double-stranded oligodeoxynucleotides (ssODNs) to perform 93 
homology-directed repair3. Nanoblade production is relatively simple and cheap. Moreover, 94 
Nanoblades can be stored at 4 °C for many days or at -80 °C for long-term storage. Typically, 95 
Nanoblades mediate efficient, transgene-free genome-editing in most immortalized and primary 96 
cultured cells. However, some primary cells might be sensitive to the presence of viral particles, 97 
resulting in increased mortality. Cells of the innate immune system can also react to the presence 98 
of Nanoblades (because of their viral origin) and become activated. In these cases, the 99 
transduction protocol has to be optimized to limit the exposure time to Nanoblades and minimize 100 
nonspecific effects. Nanoblades represent a viable and easy-to-implement alternative to other 101 
available CRISPR delivery methods. 102 
 103 
PROTOCOL:  104 
1. sgRNA Design and cloning 105 
 106 
NOTE: Guidelines for the design of sgRNAs can be obtained from multiple sources such as 107 
https://blog.addgene.org/how-to-design-your-grna-for-crispr-genome-editing or from Hanna 108 
and Doench10. 109 
 110 
1.1. Once the 20 nucleotide sgRNA sequences have been designed, order the following single-111 
stranded DNA oligonucleotides: 112 
 113 
1.1.1. Forward: 5' caccgNNNNNNNNNNNNNNNNNNNN 3' (N corresponds to the targeted locus 114 

without the protospacer-adjacent motif (PAM) sequence) 115 
 116 
1.1.2. Reverse: 5' aaacNNNNNNNNNNNNNNNNNNNNc 3' (N correspond to the reverse-117 

complement of the targeted locus without the PAM sequence) 118 
 119 
NOTE: No special modifications are required when ordering the oligonucleotides (no requirement 120 
for 5' phosphate). 121 
 122 
1.2. Hybridize the two DNA oligonucleotides in a 0.2 mL polymerase chain reaction (PCR) tube 123 
by mixing 5 µL of annealing buffer (500 mM NaCl; 100 mM Tris-HCl; 100 mM MgCl2; 10 mM DTT; 124 
pH 7.9 at 25 °C), 1 µL of each DNA oligonucleotide (100 µM stock solution in water), and 42 µL of 125 
water. 126 
 127 
1.3. On a PCR block, incubate samples at 95 °C for 15 s and then decrease the temperature to 128 
20 °C with a ramp of 0.5 °C/s. Keep at room temperature or store at -20 °C. 129 
 130 
NOTE: The protocol can be paused here. 131 
 132 

https://blog.addgene.org/how-to-design-your-grna-for-crispr-genome-editing
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1.4. Digest 10 µg of the BLADE or SUPERBLADE sgRNA expression plasmids with 10 units of 133 
BsmBI-v2 restriction enzyme for 3 h at 55 °C in a total reaction volume of 50 µL.  134 
 135 
NOTE: The digested vector should release a DNA insert of ~1.9 kb and a second DNA fragment of 136 
~3.3 kb. 137 
 138 
1.5. Load the restriction reaction on a 1% agarose gel stained with 5 µg/mL of ethidium 139 
bromide (or a safer alternative DNA gel stain). 140 
 141 
NOTE: Wear appropriate protection gear when manipulating ethidium bromide, which is 142 
suspected of causing genetic defects. 143 
 144 
1.5.1. On an ultraviolet (UV) table set at a wavelength of 312 nm (to avoid damaging the DNA), 145 
cut the 3.3 kb DNA fragment from the gel, and place it in a 1.5 mL microcentrifuge tube. 146 
 147 
NOTE: Wear appropriate protection gear (gloves and UV protection goggles) when manipulating 148 
ethidium bromide and working on the UV table. 149 
 150 
1.5.2. Extract DNA from the sliced gel containing the 3.3 kb DNA fragment using a dedicated DNA 151 
gel extraction kit (see the Table of Materials). Quantify the amount of purified DNA using a 152 
spectrophotometer. 153 
 154 
NOTE: The protocol can be paused here. 155 
 156 
1.6. Ligate the hybridized forward and reverse DNA oligonucleotides from step 1.2 to the BsmB1-157 
digested, gel-purified BLADES or SUPERBLADE vector from step 1.5.2. For this, add 2 µL of T4 DNA 158 
ligase buffer, 50 ng of the gel-purified vector (from step 1.5.2), 1 µL of the hybridized DNA 159 
oligonucleotides (from step 1.2), water to make up the volume to 19 µL, and 1 µL of T4 DNA 160 
ligase. Incubate the reaction at 25 °C for 10 min. 161 
 162 
1.6.1. Transform the ligation product into competent bacteria (see the Table of Materials) as 163 
described in 11. Plate the transformed bacteria on an ampicillin Luria Bertani agar plate and 164 
incubate overnight at 37 °C. 165 
 166 
1.6.2. Select several isolated colonies on the agar plate to perform DNA minipreparation11 (see 167 
the Table of Materials), and perform Sanger sequencing using a U6 forward primer (5' 168 
GACTATCATATGCTTACCGT 3') to check for correct ligation of the sgRNA variable sequence. 169 
 170 
NOTE: Other sgRNA expression plasmids can be used if they do not code for the Cas9 protein, 171 
which could interfere with Nanoblade production. 172 
 173 
2. Plasmid preparation 174 
 175 
2.1. Perform maxipreparation (see the Table of Materials) of all required plasmids, and prepare 176 
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10 µg aliquots at 1 µg/mL to store at -20 °C. Avoid repeated freeze/thawing cycles of the plasmids; 177 
use aliquots twice before discarding them. 178 
 179 
3. Nanoblade preparation 180 
 181 
3.1. On Day 1, seed between 3.5 and 4 × 106 HEK293T cells in 10 mL of Dulbecco’s modified Eagle 182 
medium (DMEM) containing high glucose, sodium pyruvate, L-glutamine, 10% fetal bovine serum 183 
(FBS), and penicillin/streptomycin in a 10 cm cell culture dish. Move the 10 cm plate gently 184 
backward and forward, then from right to left (repeat this sequence 5x) to distribute cells 185 
homogeneously over the culture dish. Incubate cells at 37 °C in a cell incubator with 5% CO2. 186 
 187 
NOTE: All procedures related to the handling of cultured cells and Nanoblades should be 188 
performed under a cell culture laminar flow hood to avoid their contamination. 189 
 190 
3.2. Day 2: Plasmid transfection 191 
 192 
3.2.1. Cells should be 70–80% confluent 24 h after plating (Figure 1A). Replace the medium with 193 
10 mL of fresh DMEM containing high glucose, sodium pyruvate, L-glutamine, 10% FBS (penicillin 194 
and streptomycin can be omitted although it is not mandatory) before transfection. 195 
 196 
NOTE: At this step, it is important that the cells are not confluent. Otherwise, transfection 197 
efficiency as well as particle production could be reduced. 198 
 199 
3.2.2. For each 10 cm plate, prepare the following quantities of plasmids in a 1.5 mL tube: 0.3 μg 200 
pCMV-VSV-G, 0.7 μg pBaEVRless, 2.7 μg MLV Gag/Pol, 1.7 μg BIC-Gag-Cas9, 4.4 μg of BLADES or 201 
SUPERBLADES plasmid encoding the cloned sgRNA (or 2.2 μg each if using two sgRNAs). 202 
 203 
3.2.3. Add 500 µL of transfection buffer (see the Table of Materials), vortex for 10 s, and then 204 
centrifuge for 1 s. Add 20 µL of the transfection reagent (see the Table of Materials), vortex the 205 
tube for 1 s, and then centrifuge for 1 s. 206 
 207 
3.2.4. Incubate for 10 min at room temperature, and add the entire solution dropwise to the cells 208 
in DMEM medium using a P1000 pipettor. Move the 10 cm plate gently backward and forward, 209 
then from right to left (repeat this sequence 5x) to uniformly distribute the transfection reagent 210 
over the cells. Incubate cells at 37 °C for at least 40 h in a cell incubator with 5% CO2. 211 
 212 
NOTE: If desired, medium can be changed 4 h after transfection. 213 
 214 
3.3. On Day 3, check the morphology of the transfected cells under the microscope. 215 
 216 
NOTE: Producer cells will begin to fuse. This is a normal occurrence due to the expression of 217 
fusogenic viral envelopes (Figure 1B,C). 218 
 219 
3.4. Day 4: Harvesting Nanoblades 220 
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 221 
NOTE: At least 40 h after transfection, the cells would have fused together because of expression 222 
of the fusogenic viral envelopes, and sometimes, the cells are completely detached from the 223 
plate support (Figure 1D). 224 
 225 
3.4.1. Collect 9 mL of the culture medium supernatant using a 10 mL pipette. 226 
 227 
NOTE: Nanoblades are VLPs capable of delivering the Cas9 protein and its associated sgRNA into 228 
primary cells and in vivo. Although they are not considered genetically modified organisms as 229 
they are devoid of genetic material, they can induce genetic changes. Therefore, they must be 230 
manipulated with caution to avoid any contact with users (especially if they are programmed to 231 
target tumor suppressor genes). Users are advised to follow their local safety guidelines for the 232 
manipulation of retroviral vectors and work in a BSL-2 level laboratory when preparing VLPs and 233 
performing transduction experiments. Nanoblades can be inactivated with 70% ethanol or 0.5% 234 
of sodium hypochlorite. It is also advisable to treat all plastic waste (pipette tips, tissue culture 235 
plates, centrifugation tubes) with 0.5% sodium hypochlorite to inactivate the Nanoblades. 236 
 237 
3.4.2. Centrifuge the collected supernatant at 500 × g for 5 min to remove cellular debris and 238 
recover the supernatant without disturbing the cell pellet. 239 
 240 
NOTE: If Nanoblades are meant to be used on primary cells, filter the supernatant using a 0.45 241 
µm or 0.8 μm filter. Be aware that this step drastically reduces the Nanoblade titer as a significant 242 
fraction will be blocked in the filter membrane. 243 
 244 
3.4.3. Pellet the Nanoblades overnight (12–16 h) in a swinging bucket rotor at 4,300 × g or at 245 
209,490 × g in an ultracentrifuge for 75 min at 4 °C (see the Table of Materials). 246 
 247 
NOTE: If target cells can grow in DMEM, incubate them directly with the supernatant obtained 248 
after step 3.4.2 without concentrating the Nanoblades. 249 
 250 
3.5. Day 5: Resuspension and storage of Nanoblades 251 
 252 
3.5.1. After centrifugation, slowly aspirate the medium and resuspend the white pellet with 100 253 
µL of cold 1x phosphate-buffered saline (PBS). Cover the tube with parafilm, and incubate for 1 254 
h at 4 °C with gentle agitation before resuspending the pellet by pipetting up and down.  255 
 256 
NOTE: A white viscous material may appear upon resuspension; this is normal and does not 257 
significantly affect the efficiency of transduction. 258 
 259 
3.5.2. Store the Nanoblades at 4 °C if planning on using them within four weeks. Otherwise, snap-260 
freeze the Nanoblades in liquid nitrogen and store them at -80 °C. 261 
 262 
NOTE: Wear protection goggles and cryogenic gloves when manipulating liquid nitrogen. Snap-263 
freezing and storage at -80 °C leads to a significant decrease in Nanoblade efficiency. Moreover, 264 
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thawed Nanoblades should not be frozen again. The protocol can be paused here. 265 
 266 
4. Concentration of Nanoblades on a sucrose-cushion 267 
 268 
NOTE: As an alternative to overnight centrifugation or ultracentrifugation (step 3.4.3), the 269 
Nanoblades can be concentrated on a sucrose cushion. This yields a purer fraction of Nanoblades, 270 
although the total amount recovered will be lower. 271 
 272 
4.1. Prepare a 10% sucrose solution (weight to volume) in 1x PBS, and filter it through a 0.2 μm 273 
syringe filter (see the Table of Materials). 274 
 275 
4.2. Begin the process of concentrating the Nanoblades on the sucrose cushion. 276 
 277 
4.2.1. Place 9 mL of VLP-containing sample (from step 3.4.3) into an ultracentrifuge tube (see the 278 
Table of Materials). Using a 3 mL syringe and cannula, slowly layer 2.5 mL of the 10% sucrose 279 
under the sample, trying not to mix the VLP-containing sample and the sucrose solution. 280 
 281 
4.2.2. Alternatively, place 2.5 mL of 10% sucrose into an ultracentrifuge tube (see the Table of 282 
Materials). Tilt the tube and slowly add the 9 mL of VLP-containing sample (from step 3.4.3) with 283 
a low-speed pipettor. During this operation, progressively raise the tube to a vertical position. 284 
 285 
4.3. Centrifuge the samples at 209,490 × g in an ultracentrifuge for 90 min at 4 °C. 286 
 287 
NOTE: This technique can be adapted for low-speed centrifugation (4,300 × g) overnight as 288 
described in 12. 289 
 290 
4.4. After centrifugation, remove the supernatant carefully and place the tube upside down on 291 
tissue paper to remove any remaining liquid. After 1 min, add 100 µL of 1x PBS and place the tube 292 
at 4 °C with a parafilm cover in a tube holder on an agitation table for 1 h (see the Table of 293 
Materials) before resuspending the pellet by pipetting up and down. 294 
 295 
NOTE: The protocol can be paused here. 296 
 297 
5. Monitoring Cas9 loading within Nanoblades by dot-blot 298 
 299 
5.1. Prepare the dilution buffer by adding 1 volume of lysis buffer containing a non-ionic 300 
surfactant (see the Table of Materials) in 4 volumes of 1x PBS. Dilute 2 µL of concentrated 301 
Nanoblades in 50 µL of dilution buffer, vortex briefly, and transfer 25 µL of this mixture into a 302 
new tube containing 25 µL of dilution buffer. Repeat this operation to have 4 tubes of Nanoblade 303 
dilutions (2-fold dilution steps). 304 
 305 
5.2. For the standard controls, dilute 2 µL of recombinant Cas9 nuclease into 50 µL of dilution 306 
buffer, vortex briefly, and proceed to make eight serial dilutions (2-fold dilution for each step). 307 
 308 
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5.3. Carefully spot 2.5 µL of each VLP dilution and 2.5 µL of each standard onto a nitrocellulose 309 
membrane with a multichannel pipet (a larger volume may result in overlapping spots).  310 
 311 
NOTE: A methanol-treated polyvinyldifluoride membrane may also be used. 312 
 313 
5.4. Once the particles are absorbed onto the membrane, block the membrane with 1x Tris-314 
buffered saline containing a non-ionic surfactant (TBS-T) supplemented with non-fat dry-milk (5% 315 
w/v) for 45 min at room temperature. 316 
 317 
NOTE: The protocol can be paused here, and the membrane stored at 4 °C in 1x TBS-T. 318 
 319 
5.5. Discard the 1x TBST supplemented with non-fat dry-milk, and incubate the membrane 320 
overnight at 4 °C with the Cas9-horseradish peroxidase antibody (1/1000 dilution in 1x TBST, 5% 321 
milk). Wash the membrane 3x with TBS-T, and visualize the signal using an enhanced 322 
chemiluminescent substrate kit. 323 
 324 
5.6. Quantify the dot intensity for the Nanoblades and recombinant Cas9 standard dilutions using 325 
the proprietary software provided with the gel imaging station or imageJ13. Define a linear curve 326 
linking dot intensity to the Cas9 concentration. Using the function of the obtained curve, 327 
extrapolate the Cas9 content in each preparation. 328 
 329 
NOTE: The amount of recombinant Cas9 protein control can saturate the reading for the most 330 
concentrated samples of the standard dilution set (Figure 2). It is therefore advised, when 331 
defining the linear curve, to remove the reading from the undiluted samples (and sometimes that 332 
of the first dilution steps) if they are not in the linear range with respect to the known 333 
concentration of Cas9 that was spotted. Similarly, when extrapolating the amount of Cas9 within 334 
the Nanoblade samples, only use the readings that are within the linear range of the standard 335 
curve. 336 
 337 
6. Transduction of target cells with Nanoblades (procedure for transduction in a 12-well plate) 338 
 339 
6.1. In a 12-well plate, seed 100,000–200,000 cells (either primary or immortalized adherent 340 
cells) per well in 1 mL of the appropriate cell culture medium. Allow the cells to adhere to the 341 
plate surface before transduction. 342 
 343 
6.2. In a 1.5 mL microcentrifuge tube, add 5–20 µL of concentrated Nanoblades (from step 3.5.1 344 
or 4.4) to 500 µL of cell culture medium, and mix by pipetting up and down with a P1000 pipettor. 345 
Remove the medium from cells, and replace it with the 500 µL of this Nanoblade mixture. 346 
 347 
NOTE: Transduction must be optimized for each cell type. It is important to use the smallest 348 
possible volume of medium (while avoiding drying of the target cells) so that the Nanoblades 349 
remain highly concentrated. Adherent cells must be transduced directly while attached to the 350 
plate (do not transduce in suspension as this will significantly decrease transduction efficiency). 351 
Some cells tolerate prolonged exposure to Nanoblades (24–48 h) while others are very sensitive 352 
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and may form small syncytia. In this case, Nanoblades must be incubated with cells only for 4–6 353 
h before replacing the medium. Spinoculation14 can also improve transduction for cells grown in 354 
suspension. Adjuvants such as cationic polymers (see the Table of Materials) can also improve 355 
transduction efficiency in some cell types. 356 
 357 
6.3. After 4–6 h of cell incubation in a low volume of medium containing Nanoblades, increase 358 
the volume of medium to the normal amount (1 mL if working with a 12-well plate), or replace it 359 
with fresh medium if the cells are sensitive to VLPs. 360 
 361 
NOTE: Cell medium containing Nanoblades must be inactivated with 0.5% sodium hypochlorite 362 
for 10 min before discarding it. Use gloves and protective goggles when manipulating sodium 363 
hypochlorite. If Nanoblades induce cell death, adapt the amount and total time of exposure to 364 
reduce cell mortality. 365 
 366 
7. Measuring CRISPR efficiency at the targeted locus by T7 endonuclease assay 367 
 368 
7.1. Design PCR primers to amplify a 400–700 base-pair (bp) region encompassing the CRISPR-369 
cleavage site. 370 
 371 
NOTE: The cleavage site should be distant from the amplicon edge by at least 200 bp and should 372 
be slightly shifted from the center of the amplicon so that upon T7 endonuclease cleavage, 2 373 
fragments of different sizes will be released. 374 
 375 
7.2. Extract genomic DNA from cells treated with Nanoblades targeting the gene of interest and 376 
from control cells treated with Nanoblades programmed with a control sgRNA (see the Table of 377 
Materials). 378 
 379 
NOTE: The protocol can be paused here. 380 
 381 
7.3. Using 150 ng of genomic DNA as a template, program a PCR reaction of 30 µL volume by 382 
following the manufacturer’s protocol. Check that the PCR amplification yields a single amplicon 383 
of the expected size by running a 2% agarose gel stained with 5 µg/mL of ethidium bromide (or 384 
a safer alternative DNA gel stain). 385 
 386 
NOTE: Wear appropriate protection gear when manipulating ethidium bromide, which is 387 
suspected of causing genetic defects. The protocol can be paused here. 388 
 389 
7.4. Heteroduplex generation and digestion 390 
 391 
7.5.1. In a 0.2 mL PCR tube, add 5 µL of the enzyme buffer (provided with the T7 endonuclease 392 
I), 20 µL of water, and 24 µL of the PCR product from step 7.3. Allow heteroduplex formation by 393 
heating the samples to 94 °C over 3 min and then by decreasing the temperature (2 °C per min) 394 
to reach 40 °C. 395 
 396 
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7.5.2. Add 0.5 µL of T7-endonuclease I at room temperature to each heteroduplex tube, including 397 
the control. Incubate at 37 °C for 15 min. Load the resulting reaction in a 2.5% (weight/volume) 398 
agarose gel stained by ethidium bromide. After migration, image the gel on a UV transilluminator. 399 
 400 
NOTE: Wear appropriate protection gear when manipulating ethidium bromide, which is 401 
suspected of causing genetic defects. Use UV-protection goggles when using the UV 402 
transilluminator. 403 
 404 
7.5.3. Measure cleavage efficiencies by analyzing the image resulting from the digestion reaction 405 
to quantify the intensity of each band with appropriate software (see the Table of Materials). 406 
 407 
8. Measuring CRISPR efficiency at the targeted locus by Sanger sequencing and TIDE analysis 408 
 409 
NOTE: As an alternative to the T7 endonuclease assay, CRISPR efficiency can be monitored by 410 
analysis and deconvolution of Sanger sequencing traces based on the TIDE protocol15. 411 
 412 
8.1. Perform Sanger sequencing of PCR amplicons from step 7.3 (include a control condition 413 
corresponding to untreated cells) using either the forward or reverse PCR primer. 414 
 415 
8.2. Analyze the Sanger sequencing traces of the control condition (untreated cells) and 416 
Nanoblade-treated samples using the TIDE server (https://tide.nki.nl) and following their analysis 417 
guidelines. 418 
 419 
9. Nanoblade complex-formation with ssODN donors for homology-directed repair (procedure 420 
for transduction in a 12-well plate) 421 
 422 
NOTE: Guidelines for the design of ssODN for efficient homology-directed repair mediated editing 423 
have been described previously16. 424 
 425 
9.1. In a 12-well plate, seed 100,000–200,000 cells per well in 1 mL of the appropriate cell culture 426 
medium. Allow the cells to adhere to the plate surface before transduction. 427 
 428 
9.2. Prepare 100 µL of a solution of the cationic polymer (see the Table of Materials) at 8 µg/mL 429 
in 1x PBS. 430 
 431 
9.2.1. Mix 19 µL of the cationic polymer solution with 100 pmol of the ssODN template. Add 20 432 
µL of concentrated Nanoblades (from step 3.5.1 or 4.4), and incubate for 15 min on ice. 433 
 434 
9.2.4. Remove the complexed Nanoblades/ssODN from ice, and add 500 µL of cell culture 435 
medium (at 37 °C). Remove the medium from target cells (from step 9.1), and add the 500 µL of 436 
medium containing the complexed Nanoblades/ssODN. Allow the cells to proliferate for 48 h 437 
before genotyping. 438 
 439 
9.3. Extract genomic DNA from a fraction of the cell population using a dedicated extraction kit 440 

https://tide.nki.nl/
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(see the Table of Materials). 441 
 442 
9.3.1. Design PCR primers to amplify a 400–700 bp region encompassing the knock-in site. 443 
 444 
NOTE: PCR primers should not overlap with the homology arms of the ssODN to avoid false-445 
positive results resulting from the PCR amplification of any residual ssODN still present within 446 
target cells. 447 
 448 
9.3.2. Using 150 ng of genomic DNAs from control cells (untreated) or Nanoblade-treated-cells 449 
as a template, program a 30 µL PCR reaction following the manufacturer’s protocol. 450 
 451 
NOTE: ssODN traces may be present in the cell medium several days after transduction with the 452 
complex. This ssODN may serve as a partial template for PCR assays attempting to screen for the 453 
correct integration. Hence, it is advisable to passage the cells at least twice after transduction, to 454 
avoid eventual false-positive assays. 455 
 456 
9.3.3. Load 5 µL of the control and Nanoblade-treated PCR reactions in a 1% (weight/volume) 457 
agarose gel stained by ethidium bromide. After migration, image the gel on a UV-458 
transilluminator. 459 
 460 
NOTE: If homology recombination is successful and corresponds to the insertion of more than 1 461 
bp of genetic material, there should be a difference in the molecular weight of the PCR amplicons 462 
between the control and the Nanoblade-treated sample. As the efficiency of HDR does not reach 463 
100%, two bands should be visible in the Nanoblade-treated sample (one of similar size to the 464 
control PCR amplicon corresponding to the unedited allele and one of higher molecular weight 465 
corresponding to the knock-in allele). 466 
 467 
9.4. Perform Sanger sequencing of the control and Nanoblade-treated PCR amplicons. 468 
 469 
9.5. Quantify knock-in efficiency using the TIDER protocol17. 470 
 471 
10. Nanoblade delivery in vivo 472 
 473 
10.1. Deliver up to 25 µL of concentrated Nanoblades from step 3.5.1 through retro-orbital 474 
injection or up to 100 µL through tail vein injection, as described in18, if working with mice. 475 
 476 
NOTE: All procedures involving animal experimentation (including Nanoblade injections for 477 
genome editing purposes) require an approved protocol from a local ethics committee. 478 
 479 
10.2. For the generation of transgenic mice, use a micro-injector to deliver from 1 pL to 10 pL of 480 
concentrated Nanoblades from step 4.4 into the perivitelline space of mouse oocytes as 481 
described previously18. 482 
 483 
NOTE: For perivitelline injection, it is essential to purify and concentrate Nanoblades on a sucrose 484 
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cushion to avoid clogging of the micro-injector. 485 
 486 
REPRESENTATIVE RESULTS:  487 
The protocol for Nanoblade preparation is fairly straightforward and requires simple laboratory 488 
equipment besides access to a tissue culture hood, a CO2 incubator, and a swinging bucket 489 
centrifuge or an ultracentrifuge. However, some steps require particular attention such as the 490 
source and handling of producer cells, as well as transduction conditions. As shown in Figure 1A, 491 
it is important to seed cells so that they are homogeneously distributed in the plate and reach 492 
~70–80% confluence on the day of transfection (avoid having clumps of cells). Twenty-four hours 493 
after transfection (Figure 1B,C), producer cells will form syncytia leading to cells of larger size 494 
with multiple nuclei. Forty hours after transfection (Figure 1D), most cells in the plate will have 495 
formed syncytia and start detaching from the plate.  496 
 497 
This is perfectly normal and is caused by the expression of the envelope glycoprotein, which 498 
induces fusion between neighboring cells. Upon concentration by centrifugation (or even straight 499 
from the supernatant of producer cells), the amount of Cas9 loaded within Nanoblades can be 500 
quantified in an absolute manner by dot-blot on a nitrocellulose membrane using recombinant 501 
Cas9 as reference (Figure 2). This step is important to determine the correct amount of 502 
Nanoblades to use for transduction of target cells. When performing the dot-blot assay, it is 503 
important to consider only the readings that fall within the linear range of the standard curve. 504 
However, independently of the amount of Cas9 present within Nanoblades, it is essential to test 505 
the efficiency of genome editing directly on target cells using the T7 endonuclease assay (Figure 506 
3) or Sanger sequencing.  507 
 508 
As shown in Figure 3, the efficiency of Nanoblades can differ from batch to batch although it is 509 
usually correlated to the amount of Cas9. In the example shown in Figure 3, the batch from lane 510 
1 leads to 20% overall editing efficiency while the batch from lane 3 leads to 60% efficiency. In 511 
this case, it is possible to increase the volume of Nanoblades used from batch 1 to achieve an 512 
editing efficiency similar to that from batch 3. Figure 4 shows the maximum editing efficiency 513 
obtained using Nanoblades in different types of primary cells. It is important to note that the 514 
efficiency may vary depending on the sequence of the sgRNA used and the target accessibility.  515 
 516 
FIGURE AND TABLE LEGENDS:  517 
Figure 1: Morphology of producer cells during Nanoblade production. (A) HEK293T cells at 70–518 
80% confluence 24 h after plating. (B and C) HEK293T cell morphology 24 h after transfection. (D) 519 
HEK293T cell morphology 40 h after transfection. Scale bars = 400 µm. 520 
 521 
Figure 2: Quantification of Cas9 loading within Nanoblades by dot-blot. (A) Recombinant Cas9 522 
or 100x concentrated (by ultracentrifugation) Nanoblade samples (#1, #2, and #3) are diluted 2-523 
fold sequentially and spotted on a nitrocellulose membrane before incubating with anti-Cas9 524 
HRP-coupled antibodies. Signal is revealed by enhanced chemiluminescence. (B) 525 
Chemiluminescence signal is acquired and quantified for the recombinant Cas9 dilutions and 526 
signal intensity plotted against the known amount of Cas9 spotted on the nitrocellulose 527 
membrane. A regression curve is calculated for the dilutions that are within the linear range (see 528 
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blue crosses), excluding all concentrations that are outside of the linear range (see red crosses). 529 
(C) Cas9 concentration (nM) in each Nanoblade preparation was extrapolated using the equation 530 
from the linear regression obtained in (B). For this, it is important to only use the quantified signal 531 
from the Nanoblade dilutions that fall within the linear range of the regression curve.   532 
 533 
Figure 3: Monitoring editing efficiency upon transduction. (A) T7 endonuclease assay measuring 534 
cleavage efficiency in Nanoblade-treated cells. Cells transduced with Nanoblades targeting the 535 
EMX1 gene were analyzed by T7 endonuclease assay. Lane 1: Nanoblade preparation batch #1 536 
(20% cleavage efficiency); Lane 2: Control cells; Lane 3: Nanoblade preparation batch #2 (60% 537 
cleavage efficiency). (B) Knock-in of the Flag-tag sequence within the DDX3 open reading frame. 538 
Concentrated Nanoblades programmed with an sgRNA targeting the DDX3 locus were produced 539 
from different HEK293T clones (#1, #2) and complexed with increasing doses of a Flag-DDX3 540 
ssODN template and the obtained complexes used for the transduction of HEK293T target cells. 541 
Upon transduction, cells were grown for three days before collecting them to extract genomic 542 
DNA and total proteins. Flag-DDX3 proteins were immunoprecipitated using anti-Flag agarose 543 
beads followed by western-blot analysis of the recovered proteins using an anti-Flag antibody 544 
(top panel). Site-directed insertion of the Flag-tag in the Ddx3 locus was also assayed by PCR using 545 
either primers flanking the insertion site (middle panel), or using a forward primer that recognizes 546 
the Flag-tag sequence and a reverse primer specific to the Ddx3 locus downstream of the Flag 547 
insertion site (bottom panel). Abbreviations: EMX1 = Empty Spiracles Homeobox 1; DDX3 = DEAD-548 
box RNA helicase 3; PCR = polymerase chain reaction; ODN = oligodeoxynucleotide; ssODN = sing-549 
stranded ODN; sgRNA = single-guide RNA; IP = immunoprecipitation. 550 
 551 
Figure 4: Editing efficiency achieved in different primary cell types using Nanoblades. 552 
Abbreviations: PBL = peripheral blood lymphocyte; IL = interleukin; CD = cluster of differentiation; 553 
iPSC = induced pluripotent stem cell. 554 
 555 
DISCUSSION:  556 
Nanoblades allow for rapid and dose-dependent delivery of the Cas9/sgRNA RNP complex in cell 557 
lines and primary cells. In contrast to classical transfection and other viral delivery vectors, but 558 
like protein electroporation, Nanoblades have the advantage of transient delivery of the 559 
Cas9/sgRNA RNP in a transgene-free manner. Nanoblades offer a highly versatile, simple, and 560 
inexpensive platform for protein delivery that can be easily and rapidly adapted to the ever-561 
expanding family of CRISPR variants. Nanoblades can be produced in the HEK293T cell line or its 562 
derivatives. HEK293T cell lines used here have been developed to maximize retroviral and 563 
lentiviral particle production (see the Table of Materials). However, although other sources of 564 
HEK293T cells may be suitable, users must test and compare HEK293T cells from different sources 565 
as major differences in particle production have been observed depending on the HEK293T cell-566 
source. Cells have also to be checked for Mycoplasma contamination frequently and passaged 567 
every three days (classically ⅛ dilution) to avoid overconfluence, which has a negative impact on 568 
particle production.  569 
 570 
Cells should not be maintained for over 20 passages. DMEM supplemented with glucose, 571 
penicillin/streptomycin, glutamine, and 10% decomplemented fetal bovine serum was used for 572 
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cell culture. As serum origin may affect the quality of the Nanoblade preparation, different 573 
batches of serum should be tested before large-scale production. Nanoblades can be efficiently 574 
produced in other media such as RPMI or  serum-free modifications of minimum essential 575 
medium that can replace DMEM on the day after transfection. As indicated below, although 576 
medium replacement after transfection with some DNA-transfection reagents is optional, it may 577 
be beneficial to modify the medium into which the VLPs are released, especially to limit serum 578 
traces in the particle preparation. However, cultivation of cells in reduced-serum minimum 579 
essential medium on the day before transfection has not yet been attempted. 580 
 581 
As mentioned, Nanoblades are produced upon overexpression of a mixture of plasmids in 582 
producer cells. The overexpression appears to be required for optimal production. Indeed, this 583 
laboratory developed a producer cell line where the Gag-Pol-expressing construct was stabilized 584 
by antibiotic selection; however, this system failed to produce significant amounts of 585 
Nanoblades. A similar observation was made when the sgRNA-coding construct was stably 586 
integrated into the genome of producer cells. As described for other particle production systems, 587 
a stable cell line expressing at least some constructs involved in Nanoblades production may be 588 
useful; however, this would certainly require the processing of large volumes of supernatant and 589 
an appropriate technique to purify particles. The above protocol outlines the preferred 590 
procedure to produce Nanoblades that exploits specific transfection reagents (see the Table of 591 
Materials).  592 
 593 
Although transfection reagents from other manufacturers have also been tested with success, 594 
the vast majority of this group’s results with Nanoblades follow the procedure described herein. 595 
Low-cost transfection can be achieved using calcium phosphate reagents and yield good 596 
production efficiency; however, this method absolutely requires the replacement of transfection 597 
medium on the day after transfection and may leave calcium phosphate residues in the 598 
sedimented particle preparation. Consistent with the necessity of high expression levels for 599 
Nanoblade components within producer cells is the observation that the amount of sgRNAs 600 
associated with the Cas9 protein can be a limiting factor for efficient genome-editing. To improve 601 
sgRNA loading, two technical approaches have been recently developed by independent groups 602 
using protein delivery vectors similar to Nanoblades. These rely on the use of T7 polymerase-603 
dependent cytoplasmic expression of sgRNA19 or through the addition of a retroviral 604 
encapsidation signal to the sgRNA sequence to mediate binding to the Gag polyprotein6. These 605 
approaches could indeed improve sgRNA loading within Nanoblades although they have not been 606 
tested yet. 607 
 608 
Transduction of target cells is a critical step in the procedure. In most immortalized cell lines, 609 
transduction with Nanoblades has little or no cytopathic effect. However, in primary cells, toxicity 610 
can be an issue. Transduction has therefore to be optimized for each cell type. Specifically, the 611 
exposure time to Nanoblades is an important factor to modify when optimizing the transduction 612 
protocol. For sensitive cells such as primary neurons or bone marrow cells, 4–6 h of incubation 613 
with Nanoblades before replacing the medium allows for efficient delivery of the Cas9 protein 614 
while minimizing cell toxicity. Furthermore, adjuvants such as cationic polymers, among others, 615 
can significantly improve the efficiency of transduction in some cells (see the Table of Materials). 616 
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It is important to note that Nanoblades are VLPs and can induce an immunogenic response. This 617 
can be a limitation if working with certain types of primary cells, such as macrophages or dendritic 618 
cells, in which incubation with Nanoblades could induce important changes in gene expression 619 
and the phenotype of the cells. If macrophages and dendritic cells are derived from 620 
hematopoietic stem cell precursors (such as mouse bone marrow cells), it is preferable to 621 
transduce cells with the Nanoblades before they are fully differentiated to avoid inducing a 622 
cellular response against the Nanoblades. Otherwise, Cas9 protein electroporation could 623 
represent a viable alternative when working with differentiated immune cells.  624 
 625 
Nanoblades can be used in vivo to transduce mouse zygotes or embryos to generate transgenic 626 
animals. Similar to classical retroviral or lentiviral vectors, they can also be injected directly into 627 
tissues from adult animals. However, Nanoblades (similar to retroviral and lentiviral vectors) can 628 
be inactivated by the immune response of the host animal; hence, the dose to be injected has to 629 
be optimized for each application. This immune response can also limit the distribution of 630 
functional VLPs to tissues close to the injection site. Finally, unlike lentiviral vectors, Nanoblades 631 
are transgene-free and deliver the Cas9 in a restricted timeframe. Therefore, they cannot be used 632 
to perform genome-wide functional screenings that require high-throughput sequencing of 633 
sgRNAs upon selection of cells. Nanoblades are useful when rapid, dose-dependent, and 634 
transgene-free genome-editing is required20. Furthermore, similar to protein electroporation, 635 
Nanoblades lead to fewer off-target effects than prolonged expression of Cas9/sgRNA through 636 
DNA transfection or classical viral vectors3. Future development of Nanoblades is focused on 637 
incorporating Cas9 variants for different technological applications such as base-editing and RNA 638 
targeting. 639 
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Sheet1

Name of Material/ Equipment Company Catalog Number

13.2 mL, Thinwall Polypropylene 

Tubes, 14 x 89 mm - 50Pk

Beckman Coulter 

Life Sciences 331372

Amersham Protran Premium 

Western blotting membranes, 

nitrocellulose Merck GE10600004

BIC-Gag-CAS9 Addgene 119942

BICstim-Gag-dCAS9-VPR Addgene 120922

BLADE Addgene 134912

BsmBI-v2

New England 

Biolabs R0739S

Cas9 (7A9-3A3) Mouse mAb (HRP 

Conjugate) #97982

Cell Signaling 

Technology 97982S

Cas9 Nuclease, S. pyogenes

New England 

Biolabs M0386T

Ethidium bromide solution (10 

mg/mL in H2O) Sigma-Aldrich E1510-10ML

Fisherbrand Wave Motion Shakers Fisher Scientific 88-861-028

gelAnalyzer

Gesicle Producer 293T Takara 632617

Gibco DMEM, high glucose, 

pyruvate

ThermoFisher 

Scientific 41966052

GoTaq G2 DNA Polymerase Promega M7848

jetPRIME Transfection Reagent kit 

for DNA and DNA/siRNA Polyplus POL114-15

Millex-AA, 0.80 µm, syringe filter Millipore SLAA033SS

Millex-GS, 0.22 µm, syringe filter Millipore SLGS033SS

Millex-HP, 0.45 µm, 

polyethersulfone, syringe filter Millipore SLHP033RS

Monarch DNA Gel Extraction Kit

New England 

Biolabs T1020L

NEB Stable Competent E. coli 

(High Efficiency)

New England 

Biolabs C3040I

NucleoBond Xtra Midi kit for 

transfection-grade plasmid DNA Macherey-Nagel 740410.50

Nucleospin gDNA extraction kit Macherey-Nagel 740952.50

NucleoSpin Plasmid, Mini kit for 

plasmid DNA Macherey-Nagel 740588.50

NucleoSpin Tissue, Mini kit for 

DNA from cells and tissue Macherey-Nagel 740952.5

Optima XE-90

Beckman Coulter 

Life Sciences A94471
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pBaEVRless

Els Verhoeyen 

(Inserm U1111) Personnal requests have to be sent to: els.verhoyen@ens-lyon.fr

pBS-CMV-gagpol Addgene 35614

pCMV-VSV-G Addgene 8454

Phosphate-Buffered Saline (PBS)

ThermoFisher 

Scientific 14200091

Polybrene Transfection Reagent Millipore Sigma TR-1003-G

Sucrose,for molecular biology, 

≥99.5% (GC) Sigma-Aldrich S0389-5KG

SUPERBLADE5 Addgene 134913

SuperSignal West Dura Extended 

Duration Substrate

ThermoFisher 

Scientific 34076

SW 41 Ti Swinging-Bucket Rotor

Beckman Coulter 

Life Sciences 331362

SYBR Safe DNA Gel Stain

ThermoFisher 

Scientific S33102

T4 DNA Ligase

New England 

Biolabs M0202S

T7 Endonuclease I

New England 

Biolabs M0302S

Triton-containing lysis buffer Promega E291A

TWEEN 20 Sigma-Aldrich P9416
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Sheet1

Comments/Description

Ultracentrifugation tubes for Nanoblades purification

Nitrocellulose membrane for quantifying Cas9 levels 

within purified Nanoblades

Encodes a GAG (F-MLV)-CAS9(sp) fusion. Allows 

the production of GAG-CAS9 Virus like particles 

from producer cells in association with over 

expressed gRNA(s) and appropriate envelopes

Encodes a GAG-dCAS9-VPR fusion for targeted 

transcriptional activation

Empty backbone for cloning sgRNA sequence to be 

used in Nanoblades system

Restriction enzyme to digest the BLADE and 

SUPERBLADES vectors for sgRNA cloning

Anti-Cas9 antibody for Cas9 quantification by dot-

blot

Recombinant Cas9 protein to be used as a 

reference for absolute quantification of the amount 

of Cas9 loaded within Nanoblades

For staining agarose gels and visualize DNA

Agitation table to resuspend Nanoblades upon 

centrifugation

http://www.gelanalyzer.com; quantifying band 

intensity after digestion

Nanoblades producer cell line

Cell culture medium for Gesicle Producer 293T cells

Taq polymerase for amplification of genomic DNA 

before T7 endonuclease assays

Transfection reagent for Nanoblade production in 

Gesicle Producer 293T cells

Syringe filter to remove cellular debris before 

concentration of Nanoblades

Syringe filter to sterilise the sucrose cushion solution

Syringe filter to remove cellular debris before 

Nanoblades concentration

DNA gel extraction kit for purification of the 

pBLADES or pSUPERBLADES plasmid fragment 

upon digestion with BsmBI

Competent bacteria for plasmid transformation and 

amplification

Maxipreparation kit for purification of plasmid DNA 

from cultured bacteria

Extraction of genomic DNA from transduced cells

Minipreparation kit for purification of plasmid DNA 

from cultured bacteria

Genomic DNA extraction kit

Ultracentrifuge
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Sheet1

Baboon Endogenous retrovirus Rless glycoprotein 

described in Girard-Gagnepain, A. et al. Baboon 

envelope pseudotyped LVs outperform VSV-G-LVs 

for gene transfer into early-cytokine-stimulated and 

resting HSCs. Blood 124, 1221–1231 (2014)

Enocdes the Murine Leukemia Virus gag and pol 

genes

Envelope protein for producing lentiviral and MuLV 

retroviral particles

10X PBS to dilute in millipore water

Cationic polymer that enhances the efficiency of 

retroviral transduction in specific mammalian cells. It 

can also allow viral-dependent entry of an 

Oligodeoxynucleotide (ODN) for homology-directed 

repair

Sucrose to prepare a cushion for Nanoblade 

purification through ultracentrifugation

Empty backbone for cloning sgRNA sequence to be 

used in nanoblades system (Optimized for 

increased genome editing efficiency via Chen B et 

al., 2013)

Enhanced chemiluminescence (ECL) HRP 

substrate for Cas9 dot blots

Rotor for ultracentrifugation

Alternative to ethidium bromide for staining agarose 

gels and visualize DNA

DNA ligase to ligate the BLADE or SUPERBLADES 

vectors with the duplexed DNA oligos corresponding 

to the variable region of the sgRNA

T7 Endonuclease I recognizes and cleaves non-

perfectly matched DNA. Allows to monitor the extent 

of genome editing at a specific locus

Lysis buffer to disrupt Nanoblades and allow Cas9 

quantification

For the preparation of TBST
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Emiliano Ricci, Ph.D 
Laboratoire de Biologie et Modélisation de la Cellule (LBMC) 
Ecole Normale Supérieure de Lyon 
46 allée d’Italie 
69007 Lyon – France 
 
 

Lyon, January 14 2021 

 

The Editor 
Journal of Visualized experiments 
1 Alewife Center #200 
Cambridge, MA 02140 
 
 
Dear Dr. Bajaj,  
 

This letter accompanies the revised manuscript entitled: “Delivery of the Cas9/sgRNA ribonucleoprotein 
complex in immortalized and primary cells through virus-like particles (“Nanoblades”)” by Philippe P. 
Mangeot, Laura Guiguettaz, Thibault JM. Sohier and Emiliano P. Ricci. 
 
We have added additional experiments in figure 3 to illustrate homology-directed recombination using all-in-one 
Nanoblades as requested by reviewer #3. These experiments were performed by Thibault JM. Sohier, which we 
would like to include as an author in the manuscript. 
 
We thank the editorial office and the reviewers for their comments. 
 
Below you will find a point by point response to the editorial and reviewer comments. 
 
 
 
Yours sincerely,  
 
 
 
 
 
 
Emiliano P Ricci, Ph.D. 
Laboratoire de Biologie et Modélisation de la Celulle. 
Ecole Normale Supérieure de Lyon. 
 
  

Rebuttal letter Click here to access/download;Rebuttal
Letter;Rebuttal_Letter.docx

https://www.editorialmanager.com/jove/download.aspx?id=1284866&guid=1a6c0de1-ef3d-451b-9a3b-a5e2683c8816&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1284866&guid=1a6c0de1-ef3d-451b-9a3b-a5e2683c8816&scheme=1


 

Editorial comments: 
 
Please revise the following lines to avoid overlap with previously published work: 55-58. 
- We have revised the text to avoid any overlapping with our previous manuscript. The revised text is highlighted 
in red in the manuscript. 
 
Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", 
"our" etc.). For the decimals please use a period and not a comma. 
- The text has been revised accordingly to the suggestions. 
 
JoVE cannot publish manuscripts containing commercial language. 
- We have removed any reference to commercial products from the manuscript and transferred all the relevant 
information to the Table of Materials and Reagents. 
 
Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how 
to do the technique. 
- We have now edited the protocol section to include only sentences in the imperative tense. We have also 
included all safety procedures and use of hoods. All “non action” sentences where moved to Notes or to other 
sections. 
 
Please note that your protocol will be used to generate the script for the video and must contain everything 
that you would like shown in the video. 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. Please add more specific details (e.g., button clicks for 
software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in 
each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. 
- We have substantially edited the protocol section to describe experiments in a more detailed manner or cite 
published material where more appropriate. 
 
2.1: Please provide a reference for the maxiprep so the readers know the volumes of medium taken etc. 
- We added the reference for the Maxiprep and miniprep kits in the Table of Materials and Reagents and point to 
them in the protocol. 
 
Ensure that the total length of highlighted text is a maximum of 3 pages AFTER including a one line space 
between each protocol step. 
- The highlighted text is now within the 3 pages maximum limit. 
 
Please discuss all figures in the Representative Results. However, for figures showing the experimental setup, 
please reference them in the Protocol. Please include at least one paragraph of text to explain the 
Representative Results in the context of the technique you have described, e.g., how do these results show the 
technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the 
figures. Data from both successful and sub-optimal experiments can be included. 
- The representative Results section has been rewritten accordingly to the suggestions. 
 
Please double-check your figure legends; add scale bars only to the legends of the figures showing images 
taken with the microscope. 
- Done accordingly. 
 
As we are a methods journal, please add limitations of the technique to the Discussion. 
- We now clearly describe the limitations of the technique in the discussion. 
 
Please sort the Materials Table alphabetically by the name of the material. 
- Done accordingly. 



 

 
 
 
Reviewer #1 comments: 
Manuscript Summary: 
This manuscript provides a thorough description of methods used in the Nat Comm paper. 
We thank the reviewer for the positive comment. 
 
Major Concerns: 
Nothing major 
 
Minor Concerns: 
1) Line 295 imaje should be Image 
- This was corrected accordingly. 
 
2) In Figure 2, instead of putting "Amount Spotted", please indicate the amounts of standard protein loaded on 
top of the figure so that people can get an idea of how much nanoblade can be produced. 
- We apologize for the missing information. The figure has been corrected to include the amounts of standard 
protein that were loaded on the membrane. 
 
3) please indicate in the legend whether the nanoblades shown in Figure 2 are concentrated or not. Are they 
done by ultracentrifugation? 
- We have incorporated the information in the figure legend. Nanoblades from Figure 2 were indeed 
concentrated by ultracentrifugation. 
 
 
 
Reviewer #2 comments: 
Manuscript Summary: 
This manuscript describes the protocol to make virus-like particles for Cas9 RNP delivery. The protocol is useful 
and the writing is clear. 
We thank the reviewer for the positive comment. 
 
Major Concerns: 
1) The authors are suggested to list other methods of virus-like particles for Cas9 RNP delivery. 
- This information is now included in the introduction (lines 88 and 89) as follow: 
 
“As an alternative to the above-mentioned techniques, we have developed “Nanoblades” a retroviral delivery 
vector for the Cas9 protein and sgRNA3 that is conceptually similar to other viral-derived capsid protein delivery 
systems 4–8.” 
 
2) The authors are suggested to discuss the particle assembly efficiency. Is it similar to normal retroviral vector 
yield? If not, what percentage is the yield compared to normal retroviral vectors? 
Although it is an interesting question, we do not have data to make such a comparison in a quantitative manner. 
We have therefore decided not to speculate on the particle assembly efficiency. We hope the reviewer will 
understand our point of view. 
 
 
Minor Concerns: 
Line 104: "to the presence of Nanoblades thus leading to their activation". Here "their" is ambiguous. 
- We have corrected the sentence to avoid any ambiguity. The sentence is now as follows: 
 



 

“Cells of the innate immune system can also react to the presence of Nanoblades (because of their viral origin) and 
become activated.” 
 
Reviewer #3: 
Manuscript Summary: 
The manuscript describes the protocol to produce Cas9 RNP in the form of virus-like particle (called by the 
authors as "Nanoblades") and to use it for genome editing in a wide variety of cells. The manuscript focuses on 
in vitro editing of cell lines and ex vivo editing. The manuscript sufficiently summarises the need and the 
advantage of using Cas9 RNP for genome editing. The protocol should be useful for those looking for Cas9 RNP 
delivery method into their cells. 
We thank the reviewer for the positive comments. 
 
Major Concerns: 
None 
 
Minor Concerns: 
1. The manuscript describes the protocol for HDR editing; however, the results on HDR editing using 
Nanoblades are not included. I think it will be useful to show typical results obtained using the nanoblades 
method. 
We thank the reviewer for the suggestion. We have now included a new panel in figure 3 that shows results for 
HDR editing using all-in-one nanoblades to introduce a flag-tag sequence within the coding sequence of the DDX3 
gene in HEK293T cells.  
 
2. It would also be useful to report the cell lines or the primary cells to which the authors have applied the 
technique and the editing efficiencies obtained with these cells. This should be useful for the readers as they 
are trying the protocols. 
We thank the reviewer for the suggestion. A table displaying the maximum efficiency that we have obtained in 
different primary cells is represented as figure 4. 
 
 
3. For Nanoblade preparation (steps 3.1 and 3.2.1), the volume of the media should be given. 
- The volume of medium to use is now mentioned for steps 3.1 and 3.2.1 (lines 183 and 193). 
 
4. For Caution (Lines 198-205), do the authors suggest that BSL-2 level laboratory would be an appropriate 
setting for doing this? 
- We thank the reviewer for the relevant comment regarding the biosafety level for working with Nanoblades. We 
have added the following sentence in the protocol section at lines 239 to 240 (“Users are advised to follow their 
local safety guidelines for the manipulation of retroviral vectors and work in a BSL-2 level laboratory when 
preparing VLPs and performing transduction experiments. “). 
 
5. For Figure 2, instead of just the picture of the dot blot, the quantitation results should also be displayed, 
especially the Cas9 standard where the curve fitting should be also demonstrated to show the linearity and 
dynamic range of the measurement. 
We apologize for the missing information. We have now added the fitting curve showing the linear and dynamic 
range of the measurement. We thank the reviewer for the comment as it has substantially improved the figure. 
 
6. For Figure 3, % editing should also be displayed. 
- The percentage of editing is now displayed in the figure in addition to the legend. 
 
7. Nanoblades have been demonstrated for efficient genome editing in vivo. Are there extra steps that the 
authors have taken to prepare the Nanoblades and delivery for in vivo experiments? I think it will be highly 
useful to comment on this in the manuscript. 



 

- We have now added a short section in the protocol (section “10. Nanoblades delivery in vivo” lines 502 to 516) 
describing the preparation of Nanoblades for in vivo purposes and the injection routes that we have tested so far. 


