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SUMMARY: 15 

This protocol describes a method for mounting Drosophila larvae to achieve longer than 10 h of 16 

uninterrupted time-lapse imaging in intact live animals. This method can be used to image many 17 

biological processes close to the larval body wall. 18 

 19 

ABSTRACT: 20 

Live imaging is a valuable approach for investigating cell biology questions. The Drosophila larva 21 

is particularly suited for in vivo live imaging because the larval body wall and most internal organs 22 

are transparent. However, continuous live imaging of intact Drosophila larvae for longer than 30 23 

min is challenging because it is difficult to noninvasively immobilize larvae for a long time. Here 24 

we present a larval mounting method called LarvaSPA that allows for continuous imaging of live 25 

Drosophila larvae with high temporal and spatial resolution for longer than 10 h. This method 26 

involves partially attaching larvae to a coverslip using a UV-reactive glue and additionally 27 

restraining larval movement using a polydimethylsiloxane (PDMS) block. This method is 28 

compatible with larvae at developmental stages from second instar to wandering third instar. We 29 

demonstrate applications of this method in studying the dynamic processes of Drosophila 30 

somatosensory neurons, including dendrite growth and injury-induced dendrite degeneration. 31 

This method can also be applied to study many other cellular processes that happen near the 32 

larval body wall. 33 

 34 

KEYWORDS: 35 

long-term time-lapse imaging, live imaging, in vivo imaging, LarvaSPA, confocal microscopy, 36 

Drosophila larva, body wall, dendritic arborization, da neurons, neurodegeneration, 37 

neurodevelopment, cell biology 38 

 39 

INTRODUCTION: 40 

Time-lapse live imaging is a powerful method for studying dynamic cellular processes. The spatial 41 

and temporal information provided by time-lapse movies can reveal important details for 42 

answering cell biology questions. The Drosophila larva has been a popular in vivo model for 43 

investigations using live imaging because its transparent body wall allows for noninvasive imaging 44 
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of internal structures1,2. In addition, numerous genetic tools are available in Drosophila to 45 

fluorescently label anatomical structures and macromolecules3. However, long-term time-lapse 46 

imaging of Drosophila larvae is challenging. Unlike stationary early embryos or pupae, Drosophila 47 

larvae move constantly, necessitating immobilization for live imaging. Effective ways of 48 

immobilizing live Drosophila larvae include mounting in halocarbon oil with chloroform4, 49 

anesthetizing using isoflurane or Dichlorvos solution5, and compressing between the coverslip 50 

and the microscope slide6. Although some of these methods have been used for microscopy, 51 

none of them is effective for long-term live imaging. Other methods were developed for imaging 52 

body wall neurons in crawling larvae using conventional confocal microscopy or light-sheet 53 

microscopy7–9. However, these methods are not ideal for monitoring cellular dynamics due to the 54 

movement of the larvae.   55 

 56 

New methods have been developed to achieve long-term time-lapse imaging of Drosophila larvae. 57 

Using a polydimethylsiloxane (PDMS) “larva chip”, Drosophila larvae can be effectively 58 

immobilized through vacuum-generated suction in a specialized microchamber without 59 

anesthetization. However, this method does not offer high temporal resolution for cell biology 60 

studies and it has strict limitations on animal size10. Another method using an anesthetization 61 

device achieved live imaging of Drosophila larvae at multiple time points and has been applied to 62 

study neuromuscular junctions11–16. However, this method also does not allow for continuous 63 

imaging for longer than 30 min and requires using desflurane repeatedly, which can inhibit neural 64 

activity and affect the biological process studied17,18. Recently, a new method that combines 65 

microfluidic device and cryoanesthesia has been used to immobilize larvae of various sizes for 66 

short periods of time (minutes)19. However, this method requires specialized devices such as a 67 

cooling system and longer periods of immobilization require repeated cooling of the larvae. 68 

 69 

Here we present a versatile method of immobilizing Drosophila larvae that is compatible with 70 

uninterrupted time-lapse imaging for longer than 10 h. This method, which we call “Larva 71 

Stabilization by Partial Attachment” (LarvaSPA), involves adhering the larval cuticle to a coverslip 72 

for imaging in a custom-built imaging chamber. This protocol describes how to make the imaging 73 

chamber and how to mount larvae at a variety of developmental stages. In the LarvaSPA method, 74 

the desired body segments are affixed to the coverslip using a UV-reactive glue. A PDMS cuboid 75 

additionally applies pressure to the larvae, preventing escape. The air and moisture in the 76 

imaging chamber ensure the survival of the partially immobilized larvae during imaging. 77 

Advantages of LarvaSPA over other techniques include the following: (1) It is the first method 78 

that allows for continuous live imaging of intact Drosophila larvae for hours with high temporal 79 

and spatial resolution; (2) The method has fewer limitations on larval size; (3) The imaging 80 

chamber and PDMS cuboids can be manufactured at a minimal cost and are reusable. 81 

 82 

In addition to describing the larval mounting method, we provide several examples of its 83 

application for studying dendrite development and dendrite degeneration of Drosophila 84 

dendritic arborization (da) neurons.  85 

 86 

PROTOCOL: 87 

 88 



1. Making the imaging chamber 89 

 90 

1.1. The metal frame can be constructed from an aluminum block in a typical machine shop. The 91 

specifications of the frame are illustrated in Figure 1A.  92 

 93 

1.2. To construct the imaging chamber, seal the bottom of the metal frame using a long coverslip 94 

(22 mm x 50 mm) and UV glue (Figure 1A). Cure the UV glue using a hand-held UV lamp. 95 

 96 

2. Making PDMS cuboids 97 

 98 

2.1. Prepare the mold for PDMS cuboids. 99 

 100 

2.1.1. Attach layers of packaging tape to the inner surface of a rectangular (80 mm x 55 mm) Petri 101 

dish or round cell culture plate. Use one layer (0.063 mm thick) for second instar larvae, 2 layers 102 

(0.126 mm thick) for early third instar larvae, or three layers (0.189 mm thick) for late third instar 103 

larvae (Figure 1B). 104 

 105 

2.1.2. Cut the tape into strips of specific width with a razor blade: 1.5 mm for the 1-layer tape, 106 

and 2 mm for 2-layer or 3-layer tape. The width and thickness of the strip will determine the size 107 

of the larvae that the final PDMS cuboid can hold. Leave at least a 5 mm space between the two 108 

strips. Remove the tape layers covering the space (Figure 1B). 109 

 110 

2.1.3. Remove dust from the inner surface of the plate using sticky tape. The mold is ready for 111 

use. 112 

 113 

2.2. Prepare the PDMS mix. 114 

 115 

2.2.1. Mix 7 g of PDMS base and 0.7 g of curing agent (10:1 ratio) thoroughly in a small container. 116 

 117 

2.2.2. Place the container in a vacuum desiccator for at least 15 min to remove air from the 118 

mixture. 119 

 120 

2.2.3. Slowly pour about 5.5 g of PDMS mixture onto the mold to reach a 1–2 mm thickness 121 

(Figure 1B). 122 

 123 

2.2.4. Place the PDMS mixture in the vacuum desiccator again for at least 15 min to remove 124 

remaining air bubbles from the mixture. Break the last few bubbles with a pipette tip. 125 

 126 

2.2.5. Cure the PDMS on a flat surface in a heat incubator at 65 °C for 2 h. 127 

 128 

2.2.6. Use a razor blade to loosen the cured PDMS along the edge of the mold and detach it from 129 

the mold. Store the PDMS between two pieces of large sticky tape at room temperature.  130 

 131 

2.2.7. For early and late third instar larvae, cut the PDMS into 8 mm x 2 mm x 1 mm cuboids 132 



(along the dotted lines in Figure 1B) by positioning the groove created by the tape strip (step 133 

2.1.2) at the center of the long side of the cuboid (Figure 1B,C). For second instar larvae, cut the 134 

cuboid to 8 mm x 1 mm x 1 mm. 135 

 136 

3. Mounting larvae for long-term time-lapse imaging  137 

 138 

3.1. Prepare the top coverslip for mounting. 139 

 140 

3.1.1. Choose six PDMS cuboids with grooves matching the sizes of the larvae. Follow the 141 

recommended groove and size of PDMS based on steps 2.1.1, 2.1.2, and 2.2.7. 142 

 143 

3.1.2. Remove dust from the surface of the PDMS with sticky tape. 144 

 145 

3.1.3. Attach four pieces of double-sided tape (12 mm x 5 mm) on a long coverslip (22 mm x 50 146 

mm) for fixing PDMS cuboids later. The spaces between the two pieces of double-sided tape 147 

should be the same as the width of the PDMS groove.   148 

 149 

3.1.4. Apply a small drop (~1.2 μL) of UV glue into the groove of each PDMS cuboid and add six 150 

small drops of UV glue into the space between the double-sided tape on the coverslip.  151 

 152 

3.2. Prepare the larvae for mounting. 153 

 154 

3.2.1. Using a pair of forceps, clean the larvae in water to remove food from the body surface.  155 

 156 

3.2.2. Place clean larvae on a small piece of moistened tissue paper in a small (35 mm) Petri dish 157 

without a lid. Place the small Petri dish into a large (60 mm) Petri dish containing a piece of dry 158 

tissue paper. In a chemical hood, apply 8–12 drops (160–240 μL) of isoflurane onto the dry tissue 159 

paper using a plastic transferring pipette and close the lid of the large Petri dish. 160 

 161 

3.2.3. Wait 2–3 min while monitoring the larvae. Take out the larvae from the large Petri dish 162 

once their mouth hooks stop moving. 163 

 164 

3.3. Mount the animals. 165 

 166 

3.3.1. To image structures on the dorsal side of the animal, place the immobilized larvae onto the 167 

UV glue between the double-sided tape on the coverslip with the dorsal cuticle facing the 168 

coverslip. 169 

 170 

3.3.2. Cover each larva with a PDMS block and fit the trunk of the larva into the groove of the 171 

PDMS. Leave the head and the tail of the larva outside the PDMS groove. Avoid blocking the 172 

spiracles of the larva by the glue.  173 

 174 

3.3.3. Press down on the ends of the PDMS block onto the double-sided tape without applying 175 

force on the groove. Gently pull on the tail of the larva to flatten the cuticle under the PDMS. 176 



 177 

3.3.4. Cure the UV glue for 4 min using a hand-held UV lamp at the high setting (at about 0.07 178 

mW/mm2).  179 

 180 

CAUTION: Protect eyes with safety glasses while using the UV lamp. 181 

 182 

3.3.5. Flip the coverslip upside down and repeat step 3.3.4. 183 

 184 

3.3.6. Moisten a small piece of lens paper (15 mm x 30 mm) with 20 µL–30 µL of water. Place the 185 

moistened lens paper at the bottom of the imaging chamber (Figure 1A,D). 186 

 187 

3.3.7. Place the coverslip on the chamber so that the larvae are facing the inside of the chamber. 188 

Adhere both ends of the coverslip to the metal surface using UV glue (Figure 1A,D). The dorsal 189 

side of the larvae is ready for imaging under confocal microscope (Figure 1E). 190 

 191 

4. Imaging 192 

 193 

4.1. Image larvae with an appropriate microscope. All results shown in this protocol (Figure 2, 194 

Figure 3, Video S2, Video S3, and Video S4) were acquired using a confocal system with a 40x 195 

(1.30 NA) oil objective. 196 

 197 

5. Recovery of imaging chamber and PDMS cuboids 198 

 199 

5.1. After imaging, remove the oil on the top coverslip using a lens paper. Detach the top 200 

coverslip from the metal frame by cutting into the space between the coverslip and the metal 201 

frame with a razor blade. The imaging chamber is ready for reuse. 202 

 203 

5.2. Detach the PDMS cuboids from the top coverslip with forceps. Roll the PDMS cuboids on 204 

sticky tape to remove glue residue and dust. The PDMS cuboids are ready for reuse.  205 

 206 

RESULTS: 207 

The larva imaging chamber is constructed by gluing a custom-made metal frame and two 208 

coverslips together. The design of the metal frame is specified in Figure 1A. Drosophila larvae 209 

inside the chamber are adhered to the top coverslip with the aid of UV glue and PDMS cuboids. 210 

The groove on the PDMS cuboid and the double-sided tape the cuboid is attached to create the 211 

space to hold the larvae (Figure 1B,C). The PDMS also applies gentle pressure to flatten the larval 212 

body wall and physically restrict larval movement. Lastly, a small piece of wet lens paper is placed 213 

at the bottom of the chamber to provide moisture. This setup can immobilize Drosophila larvae 214 

for longer than 10 h for continuous imaging. Most of the animals are alive after 10 h and can be 215 

recovered to grow into the pupal stage. The imaging chamber can accommodate up to nine larvae 216 

at once. Figure 1D shows six late third instar larvae mounted in the chamber. The trunks of the 217 

larvae are fixed while their heads and tails are free to move (Figure 1E and Video S1). This method 218 

has been successfully used to image second instar to wandering third instar larvae with 219 

continuous high-resolution imaging for up to 15 h. The chamber is designed for imaging using 220 



upright microscopes, but the setup also works for inverted microscopes by simply flipping the 221 

chamber. 222 

 223 

Here we demonstrate the application of LarvaSPA in studying neuronal dendrite dynamics and 224 

dendrite degeneration using class IV da (C4 da) neurons as a model (Figure 2, Figure 3, Videos 225 

S2–S4). C4 da neurons are somatosensory nociceptors located on the larval body wall, whose 226 

dendrites innervate the larval epidermis1,20–22. C4 da dendrites exhibit highly dynamic growth 227 

behaviors throughout the larval development, resulting in complete coverage of the body surface 228 

or space-filling23. C4 da neurons have also been successfully used to study dendrite degeneration 229 

and regeneration after physical injury24–27. 230 

 231 

For imaging dendrite dynamics, larvae ranging from 48 h after egg laying (AEL) at second instar 232 

to 120 h AEL at wandering third instar were mounted in the imaging chamber for time-lapse 233 

imaging using point-scanning confocal microscopy. Time-lapse movies were taken with a 3 min 234 

interval to capture growth behaviors of C4 da dendrites labeled by ppk-CD4-tdTom or UAS-CD4-235 

tdTom driven by ppk-Gal46. Throughout the imaging period (up to 12 h), the high order dendrite 236 

branches of C4 da neurons exhibited complex growth behaviors, including extension, retraction, 237 

branch formation, and branch elimination (Figure 2A–2F), indicating the health of the neurons. 238 

Our movies also captured homotypic dendro-dendrite repulsions in which dendrite tips retracted 239 

after contacting other dendrites (Figure 2F). Overall, these results demonstrate that time-lapse 240 

imaging using LarvaSPA is effective for studying neurodevelopment. 241 

 242 

To image dendrite degeneration, we used a MaiTai laser to sever primary dendrites near C4 da 243 

neuronal cell bodies. The larvae were recovered and mounted in the chamber for imaging 244 

starting from 1.5 h after injury (AI) (Figure 3, Video S4). The movies recorded key events during 245 

dendrite degeneration, including dendrite swelling, dendrite fragmentation, and clearance of 246 

dendrite debris. In the same experiment, the larval fat body was also engineered to secrete 247 

Annexin V-GFP (AV-GFP), a sensor that labels externalized phosphatidylserine (PS) on the cell 248 

surface27. We observed specific labeling of the degenerating dendrites by AV-GFP (Figure 3), 249 

suggesting that PS was exposed on the surface of degenerating dendrites to serve as an eat-me 250 

signal for subsequent clearance by phagocytosis27. 251 

 252 

FIGURE LEGENDS: 253 

Figure 1: The imaging chamber for LarvaSPA mounting. (A) Diagrams of the imaging chamber 254 

with detailed specifications, showing both the top view and the side view. The light blue shading 255 

in the top view indicates the moistened lens paper. The chamber is sealed by a top coverslip and 256 

a bottom coverslip. The position of a mounted larva is illustrated. (B) Diagrams of the PDMS mold 257 

(the top view) and the mold after filling with the PDMS mixture (side view). Strips in grey indicate 258 

two 1-layer, two 2-layer, and two 3-layer tape strips, respectively. The yellow shading in the side 259 

view indicates the PDMS mixture in the mold. The dotted lines indicate where to cut the cured 260 

PDMS. The side view of the diagram is not drawn to scale. (C) Photographs showing a top view 261 

and a side view of a PDMS cuboid. Scale bar = 1 mm. (D) Photographs showing an imaging 262 

chamber before mounting, and an imaging chamber with six immobilized late third instar 263 

Drosophila larvae mounted dorsal side up. Scale bar = 10 mm. (E) A closer view of a larva in (D). 264 



Scale bar = 1 mm.  265 

 266 

Figure 2: Time-lapse imaging of dendrite dynamics. (A-F) Selected frames from time-lapse 267 

movies of class IV da neuron dendrites at specific time points after the start of imaging. Images 268 

of the larvae were taken 48 h AEL (A and F), 72 h AEL (B), 96 h AEL (C), and 120 h AEL (D). The 269 

neurons are labeled by ppk>CD4-tdTom (A, D, E, and F) or ppk >CD4-tdTom (B and C). Blue arrows 270 

indicate dendrite retractions compared to the previous time point. Yellow arrows indicate 271 

dendrite extensions compared to the previous time point. (E) Dendrite morphology at the end of 272 

12 h of imaging. (F) Consecutive frames with 3 min intervals in a movie illustrating how a dendrite 273 

branch in a second instar larva extended (yellow arrows) and subsequently retracted (blue arrows) 274 

after it made contact with another dendrite.  275 

 276 

Figure 3: Time-lapse imaging of dendrite degeneration and exposure of an eat-me signal. 277 

Selected frames from a time-lapse movie of degenerating dendrites of a class IV da neuron after 278 

laser injury. Dendrites were labeled by ppk>CD4-tdTom. The eat-me signal PS on degenerating 279 

dendrites was detected by Annexin-GFP (AV-GFP), which is secreted by the fat body. Yellow 280 

arrows point to the branches showing AV-GFP labeling. Blue arrows point to dendrites 281 

undergoing fragmentation. 282 

 283 

Video S1: A third instar larva is immobilized in the notch of a PDMS cuboid. 284 

 285 

Video S2: Dendrites extend and retract dynamically in a second instar larva. 286 

 287 

Video S3: Dendrites extend and retract dynamically in a wandering third instar larva. 288 

 289 

Video S4: Dendrites degenerate and expose phosphatidylserine after laser injury in a third 290 

instar larva. 291 

 292 

DISCUSSION: 293 

Here we describe LarvaSPA, a versatile method of mounting live Drosophila larvae for long-term 294 

time-lapse imaging. This method does not require recovering or remounting larvae, enabling 295 

uninterrupted imaging. It is therefore ideal for tracking biological processes that take hours to 296 

complete, such as dendrite degeneration and regeneration. This method can be also used for 297 

imaging intracellular calcium dynamics and subcellular events such as microtubule growth. As 298 

the larval body wall is stable during the imaging, the spatial and temporal resolution can be 299 

adjusted to fit the imaging application at hand (e.g., to track fast subcellular vesicle movement 300 

or to monitor slow global changes of neuronal branch patterns). In addition, this method is 301 

compatible with larvae at various developmental stages and does not require special equipment. 302 

Thus, LarvaSPA can potentially be used by many Drosophila labs to address diverse questions. 303 

 304 

Factors affecting the success of the method, including the nature of the PDMS cuboid and the 305 

developmental stage of the larvae 306 

The size of the PDMS cuboid and the depth of the groove need to match the size of the larvae. A 307 

PDMS cuboid too wide for the larvae can cover the head and the tail and cause hypoxia. However, 308 



a narrow PDMS cuboid may not be effective in preventing the larvae from moving. A too deep 309 

groove similarly would not generate enough pressure to restrain the movement of the larvae. A 310 

too shallow groove would not hold enough glue to adhere the larvae to the coverslip. Based on 311 

our experience, the following dimensions of the PDMS and the groove are recommended for 312 

various stages of larvae: 8 mm x 1 mm x 1 mm PDMS cuboids with 1.5 mm x 1 mm x 0.063 mm 313 

grooves for second instar larvae (~48 h AEL); 8 mm x 2 mm x 1 mm PDMS cuboids with 2 mm x 2 314 

mm x 0.126 mm grooves for early third instar larvae (~72 h AEL); 8 mm x 2 mm x 1 mm PDMS 315 

cuboids with 2 mm x 2 mm x 0.189 mm grooves for late third instar larvae (~96 h AEL or older).  316 

 317 

Wandering third instar larvae (at or older than 120 h AEL) move less compared to younger ones 318 

and require less moisture to survive once mounted in the chamber. They also have a thicker 319 

cuticle and can endure more physical stress. Therefore, experiments using wandering third instar 320 

larvae have the highest success rate. In our hands, more than 80% of wandering third instar larvae 321 

survived and remained immobile 12 h after mounting. To prevent larvae from pupariating during 322 

imaging, we recommend mounting the larvae between 96 h to 120 h AEL. Younger third instar 323 

larvae have a greater chance of escape or death during imaging. Typically, at least 2 out of 6 324 

young third instar larvae mounted in the same chamber would survive and remain immobile 10 325 

h after mounting. Our experience with second instar larvae is limited and the survival rate is hard 326 

to estimate. Nevertheless, we have successfully imaged second instar larvae for 7 h using this 327 

method.  328 

 329 

Potential concerns of long-term imaging 330 

Although LarvaSPA has been very useful for imaging dendrite growth dynamics and degeneration, 331 

there are a few potential caveats to consider. First, in our current method, the larvae are deprived 332 

of food for the whole duration of imaging, which may lead to starvation-induced responses in 333 

many tissues. We have observed formation of granular structures in epidermal cells around 10 h 334 

after mounting, which may result from autophagy. Therefore, the results obtained in the first few 335 

hours of imaging should be more physiologically relevant. Results over longer time scales require 336 

more cautious interpretation. To minimize this concern, our procedure could potentially be 337 

adapted to allow for larval feeding. Second, our method may interfere with the rapid growth of 338 

younger larvae due to the physical constraint and the lack of nutrient intake. However, this 339 

concern may not apply to older animals. For example, wandering third instar larvae can turn into 340 

pupae even after 12 h of continuous imaging, making this method ideal for investigations of early 341 

metamorphosis. Third, imaging of deeper structures such as the fat body and the gut presents 342 

some challenges. A main reason is that deeper tissues often move during imaging and therefore 343 

require motion correction in postprocessing. Additionally, mismatches of refractive indices in the 344 

light path can cause spherical aberration when imaging deeper tissues. While oil objectives are 345 

appropriate for imaging da neurons because their dendrites are within 15 μm from the body 346 

surface, water immersion objectives could be better choices to correct refractive-index 347 

mismatches for imaging deeper inside the larvae. Fourth, because C4 da neurons can be activated 348 

by UV light28, using UV light during the larval mounting can potentially alter C4 da neuron 349 

physiology. Although the light intensity we recommend is far below the levels that robustly 350 

activate C4da neurons28, results related to C4da neuronal activity need to be cautiously 351 

interpreted. The UV glue has been used for imaging a wide variety of biological samples29–31 and 352 



does not cause obvious toxicity to the larvae in our hands. Lastly, one should consider the proper 353 

microscope setup for in vivo live imaging. For example, resonance scanners and spinning disc 354 

confocal microscopes are better options for long-term live imaging because they cause less 355 

phototoxicity and photobleaching; multi-photon microscopy is more effective for imaging deeper 356 

internal structures in the larvae; long-term imaging could be prone to sample or focus drifting, 357 

which could potentially be corrected by post-imaging processing.  358 

 359 

The most common causes of failure for LarvaSPA and the recommended solutions to address 360 

them 361 

1. Larvae move too much or escape: Two common reasons could contribute to this problem. 362 

The first is that the PDMS groove may be too shallow or too deep for the larvae. Trying another 363 

PDMS cuboid with a different groove depth may solve the problem. The second reason is that 364 

there is too much moisture in the chamber, weakening the UV glue. Reducing the volume of 365 

water added to the lens paper in the chamber may help immobilize the larvae. In addition, try to 366 

image only the segments covered by the PDMS cuboid, because the head and the tail are free to 367 

move. 368 

 369 

2. Larvae die during imaging: If a larva dies soon after imaging, it is likely that it was exposed 370 

to too much anesthetic. Properly anesthetized larvae should wake up after mounting and show 371 

motions including mouth hook extension and retraction and dorsal vessel contraction. To solve 372 

this problem, less isoflurane could be used to anesthetize larvae. Transfer a larva out of the 373 

anesthesia Petri dish immediately after the mouth hook stops moving. If the larva dies about one 374 

hour after imaging, it is usually because of dehydration. Remember to place a piece of moistened 375 

lens paper in the imaging chamber before sealing. Another common reason of lethality is that 376 

the UV glue blocks the spiracles. Try to limit UV glue to the middle segments of the larva and 377 

avoid covering the head and the tail. An overly wide PDMS cuboid can also easily cause the UV 378 

glue to block the spiracles. 379 

 380 

3. Folds on the body wall interfere with imaging: To avoid generating folds during mounting, 381 

it is important to fully immobilize the larvae during the anesthesia step. When a larva is paralyzed, 382 

it is easier to straighten and stretch the body. For animals older than 96 h AEL, gently dragging 383 

the tails before curing the UV glue can effectively reduce fold formation. Dragging the tails of 384 

young larvae is not recommended because their body walls are fragile. 385 

 386 
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Isoflurane

Midwest 

Veterinary Supply 193.33161.3

Leica Confocal Microscope Leica
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resonant scanner

Lens paper Berkshire LN90.0406.24

Petri dishes (medium) VWR 25373-085

Petri dishes (small) VWR 10799-192

Razor blade Ted Pella, Inc. 121-20

Rectangular petri dish VWR 25384-322

SYLGARD 184 kit (PBMS kit)

Electron 

Microscopy 

Sciences 24236-10

Transferring pipette

Thermo Fisher 

Scientific 1371126

UV glue Norland products #6106, NOA 61 Refractive Index 1.56

UV lamp (Workstar 2003) Maxxeon MXN02003
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We greatly appreciate the reviewers’ constructive suggestions. We have addressed the issues 
raised by the reviewers by adding new figure panels and revising the manuscript. We believe 
that the paper has been significantly improved and hope that the editor and reviewers will find 
our revised paper now suitable for publication. The following are our point-by-point responses 
to reviewers’ comments. 
 
Editorial comments: 
General: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. 
Response: We have thoroughly proofread the manuscript before submission.  
  
2. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 
11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, 
single spacing within paragraphs, and spaces between all paragraphs and protocol 
steps/substeps. 
Response: We corrected this. 
  
3. For in-text formatting, corresponding reference numbers should appear as numbered 
superscripts (without braces) after the appropriate statements. 
Response: We corrected this. 
  
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark 
symbols (™), registered symbols (®), and company names before an instrument or reagent. 
Please limit the use of commercial language from your manuscript and use generic terms 
instead. All commercial products should be sufficiently referenced in the Table of Materials and 
Reagents. 
For example: 3M, Kimwipe, Leica 
Response: We corrected this. 
  
Protocol: 
1. For each protocol step/substep, 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. If revisions cause a step to have more than 2-3 actions and 4 sentences per 
step, please split into separate steps or substeps. 
Response: We corrected this. 
 
Figures: 
1. Figure 2: Please include a space between all numbers and their corresponding units, and use 
‘h’ instead of ‘hr’. 
Response: We corrected this.  
  
References: 
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1. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 
6 authors, list only the first author then et al. 
Response: We applied the JoVE style downloaded from Endnote website.  
  
2. Please do not abbreviate journal titles. 
Response: We applied the JoVE style downloaded from Endnote website.  
  
Table of Materials: 
1. Please ensure the Table of Materials has information on all materials and equipment used, 
especially those mentioned in the Protocol. 
Response: We corrected this. 
  
Reviewers' comments: 
Reviewer #1: 
  
Manuscript Summary: 
The authors demonstrate an efficient method to immobilize a second or third instar Drosophila 
larva to image cells close to the body wall. They focus on structural changes of neuronal 
dendrites to introduce their method. There are more advanced techniques existing, eg SCAPE, 
but for the experiments suggested in the manuscript, this method is sufficient, less complicated 
and allows a higher throughput because several larvae can be mounted in parallel. Additional 
advantages of the method are long continuous imaging (>10h) without using anesthetics as well 
manufacturing of a reusable imaging chamber at low cost. The protocol is described clear and 
they highlight problems of the method and suggest solutions. 
  
Major Concerns: 
none 
  
Minor Concerns: 
  
- Title: include, that this method is for cells in the body wall 
Response:  Although the specific imaging examples shown in our manuscript were all done on 
the larval body wall, our mounting method is in fact compatible with imaging deeper into the 
body. For example, we have successfully used this method for imaging muscles, the fat body, 
and the salivary gland. However, we agree with the reviewer that imaging deeper tissues 
presents more challenges. In the revised discussion section, we discussed sources of the 
challenge (sample movement and spherical aberration) and suggested solutions for these 
challenges. 
  
- Elaborate if other applications are possible (e.g. functional imaging, imaging sub-cellular 
mechanisms) 
Response: Thanks for the suggestion. In the revised discussion, we now included the possibility 
of doing calcium imaging and imaging sub-cellular events. 



  
- Citations: [4-7] revisit the statements in the manuscript and compare with the cited paper 
Response: We have revised the reference to better match the methods and cited papers.  
  
- Consistency using imaging chamber, metal chamber or metal frame would improve reading 
quality 
Response: We replaced "metal chamber" with "metal frame" to keep the consistency. We kept 
"imaging chamber" to refers to "metal frame" with the bottom sealed by a coverslip. 
  
- Step 1.1.2 (line 98) and step 2.3.3 (line 127) are referred to, but do not exist in manuscript 
Response: We corrected this. 
  
- Using the UV glue brought up concern about its toxicity and matching the refraction index 
during imaging, especially if the study would focus on cells deeper in the tissue or focus on 
intracellular mechanisms. It would be helpful if the imaging through the glue (even it is just a 
thin layer) could be discussed in more detail. 
Response: The refractive index of cured glue matches those of the coverslip and the immersion 
oil and therefore should be appropriate for oil objectives. We added the refractive index of the 
glue in the material table. In the revised manuscript, we discussed how refractive-index 
mismatches may affect imaging of shallow and deep tissues. The UV glue has been widely used 
in imaging, and we have not observed cytotoxicity in our experiments. We added this 
information in the manuscript. 
  
- Introducing feeding, as mentioned in the manuscript, would be a big advantage for the long 
imaging time. If the authors feel comfortable discussing this point more in detail, the usefulness 
of the method would be even bigger, but adding this information is not absolutely necessary for 
the quality of the method. 
Response: We agree that introducing feeding could potentially be very useful. However, we 
have not explored this idea enough to give comments on its feasibility. 
  
- Adding a schematic how to prepare the PMDS molt would be helpful 
Response: As suggested, we have added a schematic to illustrate how to prepare the PDMS 
cuboid in Figure 1B.  
  
- The authors mentioned that the PMDS block and imaging chamber can be reused. It would be 
helpful to add advice about cleaning without damaging the devices. 
Response: We described details of the recovery of the imaging chamber and PDMS blocks in a 
newly added step 5 in the protocol.  
  
- Figure 3 (bottom) the AV-GFP labeling (yellow arrows) are not clearly identifiable 
Response: We tried to adjust the brightness and contrast of the green channel to make AV-GFP 
signals more identifiable in Figure 3.  
  
  



Reviewer #2: 
  
Manuscript Summary: 
  
This manuscript provides a detailed protocol for imaging immobilized Drosophila larvae for up 
to 10 hours. Currently, methods for imaging intact larvae are limited to ~30 mins, and there is 
no suitable method for longer-term live imaging in this system. The method discussed in this 
manuscript provides compelling demonstration of its effectiveness in achieving long term 
imaging by showing successful time lapse imaging of second/third instar Drosophila larvae for 
up to 10 hours. 
  
Overall, the protocol detailed in this manuscript is straightforward and easy to follow. The 
authors provide thorough explanations and cautionary points about factors that can impact the 
success of this method, as well as tips for troubleshooting. However, there are some areas that 
should be addressed to improve the clarity and reproducibility of the LarvaSPA method. 
  
Major Concerns: 
  
1. As the authors point out, UV light can activate the Class IV da neurons imaged in proof of 
concept experiments. The LarvaSPA method requires curing the UV glue for 4 mins using UV 
light. Therefore, the authors should caution for potential experimental confounds of the UV 
exposure during such experiments as injury and other activity-dependent processes. 
Response: The 365nm UV light intensity we used was about 0.07 mW/mm^2. According to 
Xiang et al. (2010), 0.07 mW/mm^2 of 340 nm UV light causes a slight increase of firing 
frequency of Class IV da neurons, while 0.07 mW/mm^2 of 380 nm UV light does not change 
the firing frequency (doi:10.1038/nature09576, Figure 2h and Figure S6). Therefore, the 
wavelength and the intensity of UV light we used would unlikely activate the Class IV da 
neurons. However, we have added discussion about the potential concern of using UV light to 
call for a stronger caution. 
  
2. Important, the authors suggest the imaging results obtained in the first few hours are the 
most physiologically relevant. Although the authors propose ways to circumvent this limitation 
by feeding larvae, a stronger caution to the reader should be made about results over longer 
time scales perhaps being influenced by declining health and secondary factors. 
Response: We have reiterated this concern in the discussion.  
  
3. The part of the manuscript detailing PDMS cuboids and larva mounting can be improved to 
enable the reader to more fully understand the entire process. The authors may consider the 
following to improve this area: 
  
A. Schematic: It would be helpful to draw schematic graphs of 1) a top view of strips cut out on 
the rectangular petri dishes; and 2) a side view of the PDMS liquid covering the 3M strips on the 
bottom of petri dishes. 



Response: Thanks for the suggestion. In Figure 1, we added a schematic of the rectangular petri 
dish as suggested, including a top view and a side view. 
  
B. Extra labeling to figures: It would improve and add clarity to the descriptions by labelling the 
size and distance of the cuboids and grooves shown in Figure 1B and C. In addition, adding time 
stamps in video S2, S3 and S4 would help the reader to understand the time scale and dynamics 
of the dendritic development shown. 
Response: A scale bar has been added in images of the PDMS cuboid and the imaging chamber. 
A time stamp has been added to the Movie S2, S3, and S4.  
  
4. Fig 2 shows serial imaging of dendritic extension and retraction. Out of curiosity, is it possible 
to characterize these structural scaling strategies by comparing de novo vs. recuring branching 
and comparing branching of higher and lower dendritic orders based on current imaging data? 
Perhaps the authors can comment on this in the manuscript. 
Response: This is a very interesting possibility. Quantification of the branching events turns out 
to be a significant endeavor. We are still in the process of developing effective algorithms to 
analyze dendrite branching dynamics. We hope to be able to report the analysis in the future. 
  
5. Finally, in the Discussion, the authors suggest using older third instar larva to maintain higher 
survival rate during long term imaging. However, old 3rd instar larva might start to molt during 
the imaging session. Can the authors comment on the optimal timing and limits of imaging third 
instar larvae to ensure molting is avoided? Does the molting process have any impact on 
dendritic mobility in the DA neuron? 
Response: When wandering larvae molt under microscope, changes of the dendrite pattern are 
easy to tell from the movies. During molting, dendrites become stretched along the dorsal-
ventral axis and compressed along the anterior-posterior axis because segments become 
narrower. Meanwhile, cell bodies sink deeper inside the larva. Any part of the movie that is not 
desired can be trimmed easily. To avoid imaging pupae, one can mount larvae that are 96 h to 
120 h after egg laying so that the animals will remain larvae at the end of the imaging session. 
  
Minor Concerns: 
  
1. Abstract: "immobilizing" should be "immobilize" 
Response: We corrected this. 
  
2. Line 42: 'due' - 'due to' 
Response: We corrected this. 
  
3. Page 8: "wondering" should be "wandering" 
Response: We corrected this. 
  
4. Figure 1: The appearance of the imaging chamber, particularly panel B, can be improved. 
Response: We have improved the quality of images for PDMS cuboids and imaging chamber. 
  



5. Final minor point - adding a bit more detail about how other labs can establish this approach 
in their own labs, including more information about the chamber, would be useful. 
Response: We have tried to cover all the details that we think are important. Hopefully, a video 
recording of the key steps will help other labs to implement this method.  
  
  
Reviewer #3: 
  
Manuscript Summary: 
This protocol provides a highly useful method to perform log-term timelapse imaging of 
Drosophila larvae. Under normal conditions, larvae can only be imaged for short time periods 
due to hypoxic conditions. The authors devised a clever and simple solution for larval long-term 
imaging of up to 10h. In comparison to other methods using microfluidic chambers, the 
described approach stands out by its ease of use and efficiency. This is a major advance and 
highly useful for this field. The protocol describes in detail how to build the imaging chamber in 
a step-wise manner and gives illustrative examples of results. I strongly recommend the 
publication of this protocol. 
  
Major Concerns: 
none 
  
Minor Concerns: 
  
1. It is not quite clear to me what the dimensions of the aluminum block are, as Fig. 1 shows a 
schematic of the block with PDMS and lens paper attached. I guess the aluminum block needs a 
rectanglular hole and has a different thickness on the edges. I would be nice to get the exact 
specifications for it The cover slip glued to the metal holder is not indicated. Maybe images of 
the individual components before assembly would help as well. 
Response: We added images of imaging chamber before and after assembly in Figure 1D. Also, 
we included the top and bottom coverslip in the schematic graph of imaging chamber in Figure 
1A. Hopefully these will help improve the clarity of the setup. 
  
2. In 2.2.3, mention that the PDMS mixture has to cover the double sided tape strips to make a 
chamber of the correct depth. 
Response: We added a schematic graph illustrating how to make PDMS cuboids in Figure 1B. 
We hope it will help. 
  
3. Fig 1B. A scale bar would be helpful to assess the PDMS chamber dimensions 
Response: A scale bar has been added to the images of PDMS cuboids and imaging chamber. 
  
4. In 3.2.2., isofluorane is used, which is highly volatile and usually need a vaporizer to be 
applied. Could cold anesthesia be an alternative if isofluorane is not available? 
Response: We have not extensively tested other anesthesia methods. Cold anesthesia might 
work if the larvae are quickly immobilized in the cured UV glue before they crawl away.  



  
5. In 3.3.4, it mentions that one should repeat step 2.3.3, but there is no such step. 
Response: We corrected this. 
  
6. In 3.3.6 it is not quite clear to me if this is the cover slip to which the larvae are glued. Is the 
lens paper covered by a 2nd over slip? If so, this should be more clearly described. The discussion 
mentions a 2nd cover slip which I did not notice in the protocol. 
Response: The coverslip mentioned in 3.3.6 is the one to which the larvae are glued. The other 
coverslip attached to the bottom of the chamber was described in step 1.2. We have now 
specified the top and bottom coverslip in our drawing in Figure 1A. 
  
  
Reviewer #4: 
  
Manuscript Summary: 
This protocol describes an inventive and useful method for long-term imaging of Drosophila 
larvae, with a specific application to larval dendrite development and regeneration. The method 
is straightforward, relies mostly on commonly-kept materials and fills a need not provided by 
other described methods developed for similar goals. Data are provided that demonstrate the 
utility of the method. The description of methods and materials is appropriately detailed and 
also straightforward to follow. I think this will become a standard method in the field of dendrite 
development and will permit many questions to be addressed in a way that was not possible 
before. Altogether this is an excellent contribution. 
  
Major Concerns: 
none 
  
Minor Concerns: 
  
It looks like there is a mistaken "go to" on step 3.3.4. There is no 2.3.3 in the protocol. 
Response: We corrected this. 
  
The sized of cuboids for the different stages is helpful and I'd recommend having them in main 
protocol rather than the discussion. 
Response: The recommended sizes of PDMS cuboid are now described in step 2.1.1, 2.1.2 and 
2.2.7.  
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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, 
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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. 
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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. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
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 
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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 
discretion and without 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 contamination due 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. 
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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 
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