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SUMMARY: 24 

Here, we introduce and describe a nonradioactive and noninvasive method to assess de novo pro-25 

tein synthesis in vivo, utilizing the nematode Caenorhabditis elegans and fluorescence recovery 26 

after photobleaching (FRAP). This method can be combined with genetic and/or pharmacological 27 

screens to identify novel modulators of protein synthesis. 28 
 29 

ABSTRACT 30 

Maintaining a healthy proteome is essential for cell and organismal homeostasis. Perturbation of 31 

the balance between protein translational control and degradation instigates a multitude of age-32 

related diseases. Decline of proteostasis quality control mechanisms is a hallmark of ageing. Bio-33 

chemical methods to detect de novo protein synthesis are still limited, have several disadvantages 34 

and cannot be performed in live cells or animals. Caenorhabditis elegans, being transparent and 35 

easily genetically modified, is an excellent model to monitor protein synthesis rates by using imag-36 

ing techniques. Here, we introduce and describe a method to measure de novo protein synthesis 37 

in vivo utilizing fluorescence recovery after photobleaching (FRAP). Transgenic animals expressing 38 

fluorescent proteins in specific cells or tissues are irradiated by a powerful light source resulting in 39 

fluorescence photobleaching. In turn, assessment of fluorescence recovery signifies new protein 40 

synthesis in cells and/or tissues of interest. Hence, the combination of transgenic nematodes, ge-41 

netic and/or pharmacological interventions together with live imaging of protein synthesis rates 42 

can shed light on mechanisms mediating age-dependent proteostasis collapse. 43 

 44 

INTRODUCTION 45 

Protein synthesis and degradation is essential for organismal homeostasis. A multitude of age-46 

related diseases are instigated by defective protein production1,2. In order to measure global pro-47 

tein translation rates, there are biochemical techniques such as ribosomal profiling, which involves 48 

deep sequencing of ribosome-protected mRNA fragments to monitor expression as well as novel 49 
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protein synthesis3. This method, besides being an indirect readout of translational rates, as in-50 

creased RNA association to ribosomes does not necessarily mean increased translation, has tech-51 

nical disadvantages, such as high cost and a requirement of a large amount of starting material. 52 

On the other hand, proteomics-based methods allow for direct protein quantification by pulse 53 

metabolic profiling followed by mass spectrometry analysis4,5. However, this is a semi-quantitative 54 

approach with limited temporal resolution that cannot be easily used in vivo. Moreover, labelling 55 

of the protein can be unequally distributed in the animal/tissue of interest. Importantly, both 56 

these methods can conceal tissue-specific or cell-specific variations in protein translation rates in 57 

whole animals or tissues, respectively. 58 

 59 

Caenorhabditis elegans is an easy-to-use model organism that can be grown in large numbers6. 60 

Additionally, its genetic amenability and transparency allow for live imaging in vivo. This protocol 61 

describes the methodology to detect protein synthesis rates using fluorescence recovery after 62 

photobleaching (FRAP). We take advantage of the transgenic expression of fluorescent proteins, 63 

either in the whole organism or in specific tissues/cells. Transgenic animals may either express 64 

GFP using the promoter of a gene, which is widely/globally expressed or a tissue-specific promoter 65 

to target specific cell types. This technique can be extended to a specific promoter to examine 66 

protein synthesis rates of a specific protein. 67 

 68 

PROTOCOL: 69 

 70 

NOTE: Both transcriptional and translational fusions to fluorophores can be used to evaluate de 71 

novo protein translation in several tissues. Protein synthesis rates can be assessed for multiple 72 

protein families that localized in different cellular compartments, including cytoplasm, mitochon-73 

dria and nucleus7. The following strains are used to monitor global and neuronal protein synthesis 74 

rates, N2;Ex[pife-2GFP, pRF4], ife-2(ok306);Ex[pife-2GFP, pRF4], N2;Ex[punc-119GFP, pRF4], edc-75 

3(ok1427);Ex[punc-119GFP, pRF4], N2;Ex[psod-3GFP; pRF4] 76 

 77 

1. Maintenance, synchronization and preparation of transgenic nematodes for monitoring 78 

de novo protein synthesis 79 

 80 

1.1. Use a dissecting stereomicroscope to assess the developmental stages and growth of wild 81 

type (wt) and mutant transgenic nematodes. 82 

 83 

1.2. Day 1: Use a worm pick to select and transfer 10 L4 larvae of wt and mutant transgenic an-84 

imals carrying the desired fluorescent reporter onto Nematode Growth Media (NGM) plates seed-85 

ed with Escherichia coli (OP50) (Table 1). 86 

 87 

1.2.1. Make a worm pick by attaching a platinum wire into the tapered end of a glass Pasteur pi-88 

pette by melting the glass at the contact site on a Bunsen burner. Then, flatten the end of the plat-89 

inum wire into a spatula shape by using any tool (e.g., pincer or light hammer). 90 

 91 

1.2.2. Inoculate a single colony of E. coli (OP50) bacteria into a flask containing 50 mL of Luria-92 

Bertani (LB) liquid medium and grow for 10 hours at 37 °C in a shaking incubator (200 rpm; Table 93 

1). Then, seed NGM plates with 200 μL of bacterial culture. Incubate the seeded plates at room 94 

temperature overnight to allow the growth of the bacterial lawn.  95 

  96 

1.3. Incubate and grow the nematodes at the standard temperature of 20 °C. 97 

 98 



1.4. Day 5: The plates contain a mixed population of transgenic worms. Select and transfer 15 99 

L4 larvae of each strain on freshly seeded OP50-NGM plates. 100 

 101 

1.5. Day 6: Perform FRAP assay and monitor protein synthesis rate on day 1 of adulthood. 102 

 103 

1.6. Prepare and use cycloheximide containing NGM plates as a positive control: 104 

 105 

NOTE: Prepare a stock solution of cycloheximide by diluting in water to a concentration of 10 106 

mg/mL. Keep stock solution at 4 °C. 107 

 108 

1.6.1. Kill bacteria by exposing the seeded NGM plates for 15 minutes with UV light (222 μW/cm2 109 

intensity). 110 

 111 

1.6.2. Add cycloheximide on top of bacterial-seeded plates to 500 µg/mL final concentration in 112 

the agar volume. 113 

 114 

1.6.3. Allow plates to dry at room temperature for 30 minutes. 115 

 116 

1.6.4. Transfer transgenic nematodes expressing p
sod-3

GFP on vehicle and cycloheximide-117 

containing plates. 118 

 119 

1.6.5. Incubate animals for 2 h at the standard temperature of 20 °C. 120 

 121 

2. FRAP assay using transgenic animals expressing somatic tissue reporters p
ife-2

GFP and 122 

p
sod-3

GFP 123 

 124 

NOTE: Monitor global protein synthesis rate in the whole animal body. These transcriptional re-125 

porters present different expression levels and are ubiquitously expressed in multiple somatic tis-126 

sues, including intestine, pharynx and body wall muscles. 127 

 128 

2.1. Pick and transfer 1-day-adult transgenic animals to individual NGM plates seeded with a 20 129 

µL OP50 drop in the center. 130 

 131 

2.2. Remove the lid and place each plate under a 20x objective lens of an epifluorescence mi-132 

croscope. 133 

 134 

2.3. Focus and capture a reference image before photobleaching (pre-bleach). 135 

 136 

2.4. Photobleach each sample for 10 minutes. 137 

 138 

NOTE: Stop the photobleaching when the fluorescent signal is quenched to 30 – 50% intensity rel-139 

ative to pre-bleaching image. The light intensity and the duration of the bleaching period should 140 

be adjusted accordingly for the specific fluorophore, animal stage and cell or tissue under exami-141 

nation. The appropriate duration of irradiation required to reach an adequate extent of photo-142 

bleaching, for different specimens should be experimentally determined. 143 

 144 

2.5. Capture an image after photobleaching (bleach). 145 

 146 



2.6. Keep animals in individual NGM plates and let them to recover. 147 

 148 

2.7. Image and record the recovery of each fluorescent reporter every 1 hour for at least 6 149 

hours at a fluorescence stereomicroscope. 150 

 151 

2.8. Alternatively, perform fluorescent recovery assessment by using an epifluorescence micro-152 

scope (e.g., AxioImager Z2). 153 

 154 

2.9. Carefully evaluate the animal healthspan per animal by monitoring their locomotion, touch 155 

sensitivity, reproductive capacity and survival over the next 3 days. Nematodes showing signs of 156 

damage after photobleaching were excluded from further analysis. 157 

 158 

3. Mounting the samples and perform FRAP assay using transgenic nematodes expressing 159 

pan-neuronally cytoplasmic GFP, p
unc-119

GFP 160 

 161 

NOTE: Monitor pan-neuronal protein synthesis by targeted photobleaching at the head region, 162 

where nerve ring is located. 163 

 164 

3.1. Prepare 2% agarose pads. 165 

 166 

3.2. Add a 10 µL drop of M9 buffer to the center of the agarose pad. 167 

 168 

3.3. Transfer 5 transgenic nematodes expressing pan-neuronally cytoplasmic GFP into a drop of 169 

M9 buffer.  170 

 171 

3.4. Use an eyelash to spread the liquid. 172 

 173 

NOTE: Animals display reduced movements within 2 minutes because of M9 absorbance into the 174 

agar. 175 

 176 

3.5. Change nematode position to avoid overlapping by using an “eyelash” pick. 177 

 178 

3.6. Place the sample under a 40x objective lens of an epifluorescence microscope.  179 

 180 

NOTE: Do not use a coverslip. 181 

 182 

3.7. Focus and capture a reference image (pre-bleach). 183 

 184 

3.8. Photobleach the targeted area of interest for 90 seconds.  185 

 186 

NOTE: Stop the photobleaching when the fluorescent signal is quenched to 30 – 50% intensity rel-187 

ative to pre-bleaching image. The light intensity and the duration of the bleaching period should 188 

be adjusted accordingly for the specific fluorophore, animal stage and cell or tissue under exami-189 

nation. The appropriate duration of irradiation required to reach an adequate extent of photo-190 

bleaching, for different specimens should be experimentally determined. 191 

 192 

3.9. Capture an image after photobleaching (bleach). 193 

 194 

3.10. Add a 10 µL drop of M9 buffer on photobleached nematodes. 195 



 196 

3.11. Let the animals recover for 5 minutes. 197 

 198 

3.12. Use the “eyelash” pick or a pipette to transfer the nematodes to individual NGM plates 199 

seeded with 20 µL OP50 drop in the center. 200 

 201 

3.13. Capture an image of each sample every 1 hour under an epifluorescence stereomicro-202 

scope.  203 

 204 

NOTE: Count t=0 for the recovery time after photobleaching. 205 

 206 

4. Data analysis of images capture during the FRAP assay 207 

 208 

4.1. Analyze the acquired images using software (e.g., Fiji). 209 

 210 

4.2. Open images with the software. 211 

 212 

4.3. Select the Split Channels command via the Image and Color drop-down menu.  213 

 214 

NOTE: Keep the green channel image. 215 

 216 

4.4. Use the Freehand Selection tool to manually set the fluorescent region of interest (e.g., 217 

whole body, head, intestine). 218 

 219 

4.5. Select the Measurement command via the Analyze drop-down menu to measure mean 220 

pixel intensity of the area of interest for each time point.  221 

 222 

NOTE: The percentage of fluorescence recovery is calculated by using the reference images cap-223 

tured after photobleaching. 224 

 225 

5. Report statistical analysis  226 

 227 

5.1. Use at least 20 – 25 nematodes of each strain and/or condition. 228 

 229 

NOTE: Three biological replicates should be performed. 230 

 231 

5.2. Perform student t-test (comparison between two groups) or ANOVA (comparison among 232 

multiple groups) for statistical analysis with P < 0.05 as significant using statistical analysis soft-233 

ware. 234 

 235 

REPRESENTATIVE RESULTS: 236 

Using the procedure presented here, wild type and mutant transgenic nematodes expressing the 237 

following somatic reporters, p
ife-2

GFP, p
sod-3

GFP and p
unc-119

GFP, were used to assess protein syn-238 

thesis rates according to the respective protocols. Particularly, wild type and ife-2 mutant worms 239 

expressing cytoplasmic GFP throughout their somatic tissues by using the ife-2 promoter were 240 

compared before, immediately after photobleaching and 5 hours post-recovery. Representative 241 

images and quantification show that wild type animals fully recover while ife-2 mutants have di-242 

minished recovery capacity (Figure 1A). Thus, wild type worms initiate de novo protein biosynthe-243 

sis after photobleaching while worms lacking mRNA translation initiation factor IFE-2 are unable to 244 



do so, indicating that the rate of fluorescence recovery illustrates the rate of protein synthesis in 245 

vivo7. Moreover, cycloheximide, a specific inhibitor of mRNA translation, can be used as a positive 246 

control for protein translation inhibition. Indeed, cycloheximide-treated transgenic animals ex-247 

pressing cytoplasmic GFP under the sod-3 promoter, do not recover their fluorescence upon pho-248 

tobleaching (Figure 1B). 249 

 250 

We also applied this method to detect how mRNA processing bodies (P bodies) affect the rate of 251 

protein translation8. Wild type and edc-3(ok1427) mutant nematodes expressing GFP pan-252 

neuronally were examined for their recovery capacity upon targeted photobleaching at the head 253 

region. Fluorescence recovery is much slower in EDC-3 deficient animals compared to wild type 254 

(Figure 1C). This indicates that EDC-3-mediated mRNA turnover hinders novel protein synthesis 255 

and ultimately suppresses protein translation initiation9. 256 

 257 

FIGURE AND TABLE LEGENDS: 258 

Figure 1. In vivo assessment of de novo protein synthesis in C. elegans. (A) FRAP analysis in both 259 

wild type and IFE-2 deficient nematodes expressing cytoplasmic GFP under the promoter of ife-2. 260 

Transgenic animals are subjected to whole-animal photobleaching. The GFP signal is reduced to 261 

30-50% of initial intensity. Fluorescence is recorded before photobleaching (pre-bleach), following 262 

the end of photobleaching period (10 min; bleach) and 5 hours post recovery. (B) Cycloheximide 263 

treatment inhibits fluorescence recovery of transgenic animals expressing cytoplasmic GFP under 264 

the promoter of sod-3. Transgenic animals are subjected to whole animal photobleaching. The GFP 265 

signal is reduced to 30-50% of initial intensity. Fluorescence is recorded before photobleaching 266 

(pre-bleach), following the end of photobleaching period (10 min; bleach) and 5 hours post recov-267 

ery (A, B: AxioImager Z2 microscope; objective lens: 20x, numerical aperture 0.8; high-power light 268 

source, HBO 100; 100 Watt mercury arc lamp; excitation/ emission filter sets, Zeiss Set 38 Endow 269 

GFP shift free). Scale bars, 500μm. (C) EDC-3 deficient nematodes display decreased de novo pro-270 

tein synthesis rates in neuronal cells. Fluorescence signal of both wild type and edc-3(ok1427) an-271 

imals expressing pan-neuronally cytoplasmic GFP is measured before photobleaching (pre-bleach) 272 

as well as following the photobleaching period (90sec; bleach). Transgenic animals are subjected 273 

to photobleaching at head region (nerve ring). The GFP signal is reduced to 30-50% of initial inten-274 

sity (AxioImager Z2; objective lens: 40x, numerical aperture 0.75; 30% luminescent power of the 275 

fluorescent illumination source (FI illumination System X-Cite 120 XL FL PC, 120W metal 276 

halogenide lamp) and fully opened iris). Average pixel intensity of fluorescence recovery is meas-277 

ured at one hour time intervals. 20 animals were quantified per strain in each of three independ-278 

ent experiments. Data represent mean S.E.M., ***P < 0.05, unpaired t-test. 279 

 280 

Table 1: Recommended recipes for reagents used. All the reagents recipes used in the presented 281 

protocol are outlined here. 282 

 283 

DISCUSSION: 284 

Protein synthesis modulation is essential for organismal homeostasis. During ageing, global as well 285 

as specific protein synthesis is perturbed. Recent studies reveal the fact that protein translation 286 

balance directly controls senescence and aging is not merely a byproduct of the aging process. In 287 

particular, core components of the translation machinery such as eukaryotic initiation factor 4E 288 

(eIF4E), which facilitates mRNA capping during translation initiation, and thus the rate of cap-289 

dependent protein translation, induces oxidative stress and accelerates the aging process1. More-290 

over, neuron-specific EDC-3, which interacts with mRNA processing bodies, P bodies and increases 291 

the rate of mRNA decapping, also accelerates the aging process8. Specifically, EDC-3 suppression 292 



allows for IFE-2 sequestration into P bodies, ultimately reducing protein translation levels, delay-293 

ing neuronal aging9. 294 

 295 

FRAP is a technique initially developed to investigate protein dynamics, localization, interactions 296 

and activity with non-invasive fluorescent tagging using live imaging in vivo, making it a powerful 297 

tool to study protein synthesis rates in real time8,10. However, there are certain critical steps that 298 

require attention and troubleshooting. We provide alternative solutions to these potential obsta-299 

cles or limitations encountered during the experimental procedure. 300 

 301 

One issue concerns worm movement as the worm can escape the light source during photo-302 

bleaching. This issue can be partially overcome by using transgenic animal expressing the rol-303 

6(su1006) allele, which causes animals to move in a sinusoidal manner. This way, animal photo-304 

bleaching can be performed continuously. Moreover, the experimenter can follow the movement 305 

of the worm that moves outside the plane of view much slower. Nevertheless, agar pads can also 306 

be used as an alternative to fully immobilize animals. 307 

 308 

The optimal duration of photobleaching is an additional critical factor that should be determined 309 

and kept stable throughout the experiments. Insufficient photobleaching due to untargeted pho-310 

tobleaching or short duration can be encountered. This can be surpassed by increasing (a) the 311 

magnification objective and numerical aperture, (b) the light intensity and/or (c) photobleaching 312 

duration. 313 

 314 

If no significant fluorescence recovery is detected, there are potential parameters that can be al-315 

tered. If photobleaching is excessive, reduce photobleaching duration as specimen damage has 316 

occurred. Damage to the worm can be assessed by observing life traits such as touch sensitivity, 317 

locomotion, egg laying, pharyngeal pumping and reproductive capacity. If kinetics of protein trans-318 

lation recovery are slow, allow longer recovery period. Protein synthesis recovery varies between 319 

different protein families and depends on the reporter fusions length7. 320 

 321 

Promoter activity could influence kinetics of protein synthesis. If the promoter is inactive during 322 

recovery, change the promoter used. Promoter activity might be altered upon stress conditions, 323 

such as photodamage. Use stable activity promoters to monitor either global (e.g. let-858, ife-2, 324 

sod-3) or tissue-specific (e.g. body wall muscles; myo-3, unc-54; pharynx: myo-2; pan-neuronal: 325 

unc-119, rab-3; mechanosensory neurons: mec-4; intestine: vha-6, ges-1) protein translation rates. 326 

 327 

If inadequate protein translation inhibition by cycloheximide occurs, increasing pre-incubation 328 

time of the nematodes would overcome this problem. A caveat that should be taken into consid-329 

eration is the use of transgenic worms overexpressing proteins. Using CRISPR/Cas9-generated 330 

transgenic nematodes expressing the fluorescent tagged proteins of interest at physiological levels 331 

will provide a more accurate picture of protein kinetics and turnover. 332 

 333 

Total protein levels detected are the result of their protein degradation and synthesis rates. Pro-334 

tein degradation invariably occurs at basal levels in all eukaryotic cells. Thus, protein fluorescence 335 

recovery rates, which are measured in this protocol, are not absolute but relative to the conditions 336 

being compared. In essence, the fluorescence recovery in the presence of protein degradation is 337 

measured. Therefore, it is assumed that all conditions have equal protein degradation rates after 338 

photobleaching. In order to measure absolute protein translation rates, protein degradation-339 

deficient mutant worm strains should be used. Specifically, mutations in genes such as rpn-10 of 340 

the proteasome or lgg-2 for autophagy can be used as a control11. Alternatively, RNAi knockdown 341 



of proteasomal and autophagic proteins can be performed. Additionally, autophagic substrates 342 

such as SQST-1::GFP can be used to detect the contribution of autophagic degradation under the 343 

experimental conditions selected12. 344 

 345 

In both experimental settings, this FRAP technique is non-radioactive, non-invasive, which detects 346 

de novo protein synthesis rates in vivo in different tissues in C. elegans. It allows for live imaging 347 

before and during photobleaching in an in vivo setting and subsequent monitoring of the animals 348 

for their whole lifetime. Perturbation of translation initiation decelerates aging, hence measuring 349 

global protein synthesis rates by FRAP could be used as a direct read-out of the aging process. This 350 

protocol can be optimized and used on a larger scale to screen genes and/or chemicals related to 351 

the aging process or age-related disease. Alternatively, total or specific protein degradation rates 352 

can be measured by photobleaching under different genetic backgrounds using the same protocol 353 

in combination with cycloheximide. As protein translation is inhibited by cycloheximide, the rate 354 

of protein degradation will be detected. This protocol will aid in better understanding protein deg-355 

radation pathways in genetic models of protein aggregation diseases13. 356 

 357 
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Reagent Recipe

1.               Weigh 0.5 g o fagarose in a cylindrical glass beaker

2.               Add 25 mL of M9 buffer
3.               Heat in a microwave until close to boiling. Take out, stir with a 

pipette tip and boil again. Repeat until the agarose is dissolved.
4.               Place an empty microscope slide on the bench.
5.               Put a drop (~ 50 µL) of fresh 2% agarose solution in the middle of the 

slide.
6.               Take a second microscope slide and place it on top of the agarose 

drop. Gently press down to flatten the drop.
7.               Let the agarose harden for 30 seconds and remove gently the top 

microscope slide.
8.               Immediately proceed with the sample preparation, since the agarose 

pads will start drying within approximately 5 minutes.
Tip: Leave the top microscope slide as a cover to preserve the humidity longer 

(~ 1 hour). Thus, several agarose pads can be prepared and used swiftly during 

the experiments.

LB liquid medium
1.               Dissolve 10 g of Bactotryptone, 5 g of Bacto Yeast Extract, 5 g of NaCl 

in 1 L distilled water and autoclave.

1.               Dissolve 3 g of KH2PO4, 6 g of Na2HPO4, and 5 g NaCl in 1 L distilled 

water and autoclave.

2.               Let cool and add 1 mL of 1 M MgSO4 (sterile).

3.               Store M9 buffer at 4 °C.
1.               Mix 3 g of NaCl, 2.5 g of bactopeptone, 0.2 g of streptomycin, 17 g of 

agar and add 900 mL of distilled water. Autoclave. 

2.               Let cool to 55-60 °C. 

3.               Add 1 mL of cholesterol stock solution, 1 mL of 1 M CaCl2, 1 mL of 1 

M MgSO4, 1 mL of nystatin stock solution, 25 mL of sterile 1 M phosphate 

buffer, pH 6.0, and distilled sterile water up to 1 L. 

4.               Pipette 10 mL of medium per Petri dish and leave to solidify.

5.               Store the plates at 4 °C until used.

2% Agarose pads

M9 buffer

Nematode growth medium (NGM) agar plates
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Name of Material/ Equipment Company Catalog Number Comments/Description

Agar Sigma-Aldrich 5040

Agarose Biozym 840,004

Agarose pads 2%

Calcium chloride dehydrate (CaCl2∙2H2O) Sigma-Aldrich C5080

Cholesterol SERVA Electrophoresis 17101.01

cycloheximide Sigma-Aldrich C-7698

Dissecting stereomicroscope Nikon Corporation SMZ645

edc-3(ok1427);Ex [punc-119 GFP, pRF4] Tavernarakis lab Maintain animals at 20 °C                

Epifluorescence microscope Zeiss Axio Imager Z2

Escherichia coli  OP50 strain Caenorhabditis Genetics Center (CGC)

Fluorescence dissecting stereomicroscope Zeiss SteREO Lumar V12

Greiner Petri dishes (60 x 15 mm) Sigma-Aldrich P5237

ife-2(ok306) ;Ex [pife-2 GFP, pRF4] Tavernarakis lab Maintain animals at 20 °C         

image analysis software Fiji https://fiji.sc

KH2PO4 EMD Millipore 137,010

K2HPO4 EMD Millipore 104,873

LB liquid medium

M9 buffer

Magnesium sulfate (MgSO4) Sigma-Aldrich M7506

Microscope slides (75 x 25 x 1 mm) Marienfeld, Lauda-Koenigshofen10 006 12

Microsoft Office 2011 Excel software package Microsoft Corporation, Redmond, USA

N2;Ex [pife-2 GFP; pRF4] Tavernarakis lab Maintain animals at 20 °C                

N2;Ex [psod-3 GFP; pRF4] Tavernarakis lab Maintain animals at 20 °C                

N2;Ex[punc-119GFP; pRF4] Tavernarakis lab Maintain animals at 20 °C                

Na2HPO4 EMD Millipore 106,586

Nematode growth medium (NGM) agar plates 
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Nystatin stock solution Sigma-Aldrich N3503

Peptone BD, Bacto 211677

Phosphate buffer 

Sodium chloride (NaCl) EMD Millipore 1,064,041,000

Standard equipment for preparing agar plates (autoclave, Petri dishes, etc.)

Standard equipment for maintaining worms (platinum wire pick, incubators, etc.). 

statistical analysis software

GraphPad Software Inc., San 

Diego, USA
GraphPad Prism software package 

Streptomycin Sigma-Aldrich S6501

UV Crosslinker Vilber Lourmat  BIO-LINK BLX 254

Worm pick



Dear Editor, dear Referees, 

 

We would like to thank you for your time and effort in reviewing our manuscript and video. We 

considered each of the points in the reviews very carefully and made every possible effort to address 

them. In doing so, we provide to you the revised manuscript and video. 

 

We believe that with your constructive input, we have been able to resubmit a significantly 

improved video. A point-by-point response to all the comments follows below (original comments are 

quoted in bold). 

Editorial comments: 

Changes to be made by the Author(s) regarding the written manuscript: 

1. Some additional details are needed in the written manuscript. Please see the comments in 

the attached manuscript. 

In the revised manuscript, we have addressed all the editorial comments. 

 

2. Please move the soution recipes from the Table of Materials to another separate Table. 

Per the editorial suggestions, we have now moved the recipes in a separate table. 

 

3. Figure 1: Please include scale bars in the Panel A and B. Please include these panel bars in 

the revised video as well. Include a space between the number and the unit: 5 h instead of 5h.  

Corrected 

 

Changes to be made by the Author(s) regarding the video: 

1. Text and Graphics Placement: 

• 00:00 (Main Title Card) Please eliminate the black bars on any sides of the frame. Fill with 

white to match the title card background. Do this for all title cards and graphics/figures used in 

the Results section. 

Corrected 

 

•Please use the numerical numbering as in the written manuscript. Our publication standard 

uses numbers (1, 2, 3, etc.) instead of letters (A, B, C, etc.). 

Corrected 

 

2. Editing Glitches: 

"• 02:22 Editing glitch: There is a flash of a single frame or two of the lab tech walking to the 

incubator before the shot of the microscope. 

• 03:58 Editing glitch: There is a replay of the microscope close up here. The looping isn't 

going to work as-is. Consider slowing the footage down or using a freeze frame instead. 

• 04:12 Editing glitch: The loop here doesn't work, and will need to be slowed, freeze framed, 

or dissolved together. Perhaps an illustration as a subsitute as well." 
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https://www.editorialmanager.com/jove/download.aspx?id=1227976&guid=de9e3f49-27d5-4850-a3f5-a76d515f8165&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1227976&guid=de9e3f49-27d5-4850-a3f5-a76d515f8165&scheme=1


We have revised the video accordingly. 

 

3. Adding some highlighting or arrows to the Results section figures may help guide the 

audience along with the narration. 

Per the editorial suggestions, we have now highlighted the Results section figures to guide 

audience along with the narration. 

 

4. Please stabilize the video wherever possible. 

Done. 


