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SUMMARY: 23 
We provide protocols for anyone with a “maker culture” mind to start building a flylab for 24 
quantitative analysis of a myriad of behavioral parameters in Drosophila melanogaster, by 3D-25 
printing many of the necessary pieces of equipment. We also describe a high resolution 26 
respirometry protocol using larvae to combine behavioral and mitochondrial metabolism data. 27 
 28 
ABSTRACT: 29 
The usefulness of Drosophila as a model organism for the study of human diseases, behaviors 30 
and basic biology is unquestionable. Although practical, Drosophila research lacks popularity in 31 
developing countries, possibly due to the misinformed idea that establishing a lab and 32 
performing relevant experiments with such tiny insects is difficult and requires expensive, 33 
specialized apparatuses. Here, we describe how to build an affordable flylab to quantitatively 34 
analyze a myriad of behavioral parameters in D. melanogaster, by 3D-printing many of the 35 
necessary pieces of equipment. We provide protocols to build in-house vial racks, courtship 36 
arenas, apparatuses for locomotor assays, etc., to be used for general fly maintenance and to 37 
perform behavioral experiments using adult flies and larvae. We also provide protocols on how 38 
to use more sophisticated systems, such as a high resolution oxygraph, to measure mitochondrial 39 
oxygen consumption in larval samples, and show its association with behavioral changes in the 40 
larvae upon the xenotopic expression of the mitochondrial alternative oxidase (AOX). AOX 41 
increases larval activity and mitochondrial leak respiration, and accelerates development at low 42 
temperatures, which is consistent with a thermogenic role for the enzyme. We hope these 43 
protocols will inspire researchers, especially from developing countries, to use Drosophila to 44 
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easily combine behavior and mitochondrial metabolism data, which may lead to information on 45 
genes and/or environmental conditions that may also regulate human physiology and disease 46 
states. 47 
 48 
INTRODUCTION:  49 
Drosophila melanogaster was introduced to the scientific community as a potentially powerful 50 
model organism more than 100 years ago. That potential has been firmly validated in several 51 
areas of the biological and biomedical sciences, such as genetics, evolution, developmental 52 
biology, neurobiology, and molecular and cell biology. As a result, six Nobel Prizes in Medicine or 53 
Physiology have been awarded to ten Drosophila researchers who have substantially contributed 54 
to our understanding of heredity, mutagenesis, innate immunity, circadian rhythms, olfaction 55 
and development1. Perhaps more importantly, D. melanogaster has not ceased to provide us 56 
with new models of human biology and diseases, as a quick search on PubMed reveals almost 57 
600 publications in the last 5 years, using the search term “drosophila model” (2, as of February, 58 
2021). In the US, where Drosophila is a wide spread model organism in the biomedical 59 
community, about 2.2% of all R01 research awards granted by the NIH in 2015 were allocated to 60 
Drosophila researchers3. In Brazil, on the other hand, a search for currently funded projects on 61 
the website of the Sao Paulo Research Foundation (FAPESP), the most important funding agency 62 
for research in all scientific areas in the state of Sao Paulo, showed only 24 grants and fellowships 63 
with Drosophila as the main subject of study4. Considering all 13205 projects currently funded by 64 
FAPESP (5, as of February, 2021), those 24 Drosophila projects represent a ratio of less than 0.2% 65 
of the total projects, which is nearly 12 fold lower than that of the NIH. If we remove the funded 66 
projects that aim at studying Drosophila from an ecological and/or evolutionary point of view, 67 
and assume that the remaining projects use this organism as a model for understanding human 68 
biological processes in health and disease, that ratio decreases to a shocking ~0.1%. 69 
 70 
In fact, a proper investigation is warranted to reveal the reasons why Drosophila research in 71 
Brazil/Sao Paulo does not appear to be as significant in number of funded projects. Culturing 72 
Drosophila is not expensive6–8 and is relatively simple, as unlike vertebrates, no permission from 73 
a bioethical committee is necessary for experimentation9, 10. An approval to work with genetically 74 
modified fly lines is, however, required in Brazil11, adding a layer of bureaucracy inherent to all 75 
work involving genetically modified organisms. However, this would likely not prevent interested 76 
researchers from initiating a flylab. We speculate that misinformation about the power of the 77 
model, and about the expected high costs associated with setting up a flylab and performing 78 
meaningful experiments are important factors in this decision. As for most science equipment 79 
and supplies, the appropriate apparatuses to perform general fly maintenance and behavioral 80 
analyses must be imported into Brazil from North America, Europe and/or elsewhere, which is 81 
an expensive and extremely time consuming process12, 13. 82 
 83 
Recently, an alternative to importing specialized apparatuses has emerged as 3D printers have 84 
become more affordable and accessible to any person, including Drosophila researchers in 85 
developing countries. The 3D-printing technology has been widely used in the last 10 years by 86 
members of the "maker culture", which is based on the idea of self-sufficiency over exclusively 87 
relying on company manufactured products14. Such an idea has always been present in academic 88 
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research laboratories around the globe, so it is not surprising that 3D printers have become 89 
standard lab equipment in many places15, 16. For a number of years, we have been 3D-printing fly 90 
vial racks, mating arenas, climbing apparatus, among other devices, for a fraction of the cost of 91 
brand-named equivalents. The reduced costs of printing and assembling homemade lab 92 
equipment is classically represented by the FlyPi, which can be built for less than €100.00 and 93 
serves as a light and fluorescence microscopy able to use sophisticated opto- and thermogenetic 94 
stimulation of the genetically tractable zebrafish, Drosophila and nematodes15. Here, we provide 95 
a series of protocols for anyone interested in becoming a Drosophila researcher (or in expanding 96 
his/her own existing flylab) to 3D-print many of the necessary material. By investing time and 97 
developing a little expertise, the reader will even be able to optimize the protocols presented 98 
here to print apparatuses better adapted to his/her own research needs. 99 
 100 
However, a flylab is not a place for “cheap” equipment only, especially when one intends to 101 
associate behavioral analyses with underlying metabolic phenomena. We have also been 102 
interested in the roles of mitochondria in the modulation of Drosophila behavioral patterns, as 103 
these organelles are responsible for the bulk production of ATP in most tissues through several 104 
metabolic pathways whose products converge to oxidative phosphorylation (OXPHOS). Analyzing 105 
mitochondrial oxygen consumption as a way to understand mitochondrial metabolism does 106 
require an oxygraph, which is a more sophisticated piece of equipment that unfortunately cannot 107 
yet be 3D-printed. Because OXPHOS impacts practically all cellular processes since it depends on 108 
a series of exergonic redox reactions that occur in the cell17, 18, oxygen consumption rates based 109 
on the oxidizable substrate provided to mitochondria may help reveal whether the organelle´s 110 
functioning is cause or consequence of a particular behavior. Therefore, we also provide here a 111 
protocol for measuring mitochondrial oxygen consumption in larva samples, as we realize the 112 
vast majority of published protocols are focused on analyzing adult samples. We show that 113 
changes in mitochondrial respiration, induced by the transgenic expression of the Ciona 114 
intestinalis alternative oxidase (AOX), leads to increased larval mobility under cold stress. This is 115 
most likely due to thermogenesis, since AOX is a non-proton pumping terminal oxidase that can 116 
bypass the activity of OXPHOS complexes III and IV (CIII and CIV), without contributing to the 117 
mitochondrial membrane potential (ΔΨm) and ATP production19–21. No insect, including 118 
Drosophila, or vertebrate naturally possesses AOX21–23, but its expression in a myriad of model 119 
systems24–29 has been successful to show its therapeutic potential for conditions of general 120 
mitochondrial respiratory stress, especially when caused by CIII and/or CIV overload. AOX confers 121 
resistance to toxic levels of antimycin A24 and cyanide24, 25, and mitigates diverse phenotypes 122 
related to mitochondrial disfunction24, 25, 30–32. The fact that AOX expression changes larval 123 
behavior and mitochondrial function justifies more in-depth studies of this enzyme’s roles in the 124 
metabolism and physiology of metazoan cells and tissues33, 34. 125 
 126 
We hope that with this article we can help raise awareness within the scientific community of 127 
developing countries such as Brazil that using the excellent genetic toolset that D. melanogaster 128 
presents, in combination with efficient and affordable homemade apparatuses for behavioral 129 
analyses, can generate relatively fast basic research data on interesting biological processes with 130 
significant translational impact, supporting future therapeutic studies in clinical research. 131 
Developing such communal ideals would greatly benefit Drosophilists, medical researchers, and 132 
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the biological and biomedical sciences. Most importantly, it would benefit society in general, as 133 
public funding could be applied more translationally to understand and treat human diseases. 134 
The protocols we provide here for 3D printing the apparatuses for a flylab were designed for use 135 
with the RepRap 3D printer, based on the Prusa I3 DIY model available at 35. We use the 1.75-mm 136 
white polylactic acid (PLA) filament (SUNLU) as raw material for printing, the Tinkercad platform36 137 
for model design, and the Repetier-Host software37 for STL to G-Code conversion, a necessary 138 
step to provide coordinates to the printer. Further optimization of the protocols is required 139 
should the reader want to use alternative equipment, materials and software. 140 
 141 
PROTOCOLS: 142 
 143 
1. 3D model design 144 
 145 
NOTE: The workflow for 3D printing has three basic steps: (1) 3D modeling; (2) importing the 146 
model into the slicing software; and (3) selecting the correct filament, configuring the printer, 147 
and finally, printing. A basic protocol for modeling a small fly vial rack/tray is shown below; this 148 
rack is to be used with standard fly vials, which have approximately 2.5 cm in diameter and 9.8 149 
cm in height. For new model designs, the tools provided by the Tinkercad software allow the easy 150 
handling of three-dimensional structures, by creating pieces of different shapes, sizes and 151 
thickness, according to one’s own needs. For Drosophilists venturing for the first time into the 152 
realm of 3D printing, following the protocols below, even with all their details, may still be 153 
challenging, so we strongly recommend becoming acquainted with the software for best results. 154 
 155 
1.1. Sign in to Tinkercad online38 (Figure 1A). Prior registration with personal information is 156 
required to access the platform, free of charge. 157 
 158 
1.2. Click on Create a new Project to begin a new design, and rename the Project 159 
accordingly on the upper right corner of the window. Press Enter to be directed to the project´s 160 
workplane (Figure 1B).  161 
 162 
1.3. Verify if the workplane has the correct dimensions of 200 mm x 200 mm, by clicking 163 
with the mouse´s left button on Edit Grid at the lower right corner (red square in Figure 1B). In 164 
the popup window (Figure 1C), make sure that the “Units” are millimeters, and the “Presets” 165 
are default. Enter 200.00 in the “Width” and in the “Length” fields, and click on Update Grid to 166 
save the changes. 167 
 168 
1.4. Verify if the Snap Grid is set to 1.0 mm (red square in Figure 1B). If it is not, click on the 169 
dropdown menu and select 1.0 mm. 170 
 171 
1.5. Under the Basic Shapes menu on the right (blue square 2 in Figure 1B), select a solid box 172 
and drag it to the center of the workplane. 173 
 174 
1.6. Click anywhere on the box in the workplane with the mouse´s left button to see its 175 
edges and vertices. Click on any vertex (which will then turn red) to show the box dimensions 176 
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(red squares in Figure 1D). Click with the mouse´s left button on each dimension and type 130 177 
mm for length (L), 130 mm for width (W) and 40 mm for height (H). Recenter the box by 178 
dragging it to the middle of the workplane. 179 
 180 
1.7. Click on the tool Ruler on the upper right corner of the screen (red square 1 in Figure 181 
1E). Immediately click on the lower left vertex of the box, as indicate in Figure 1E (red square 2), 182 
to set the initial point (x = 0, y = 0, z = 0) of a tridimensional Cartesian coordinate system. Note 183 
that the distance between the selected vertex and the coordinate initial point will now show 184 
(red squares in Figure 1F), where “A” “B” and “C” represent the distance to the x, y and z axes 185 
(which should be zero in this case), respectively. 186 
 187 
1.8. Next, select an empty (hole) box from the Basic Shapes menu on the right (blue square 188 
2 in Figure 1B) and drag it to the workplane. Set its dimensions to 30 (L) x 30 (W) x 40 (H) mm, 189 
and elevate it 2 mm from the workplane, by typing “2.00” in the textbox next to the green 190 
arrowhead on the lower right corner of the empty box (red square in Figure 1G). Position the 191 
empty box inside the solid box 2 mm away from the x,y coordinate initial point, by typing “2.00” 192 
in the textboxes next to the green arrows on the lower left corner of the box (red squares in 193 
Figure 1H; compare with Figure 1G). 194 
 195 
1.9. With the empty box still selected, press the CtrL+D keys on the keyboard to deploy the 196 
“duplicate” command and create a new empty box of the exact same dimensions. Position the 197 
new empty box inside the solid box, next to the first empty box, by typing “34.00” in the 198 
textbox next to the green arrow along the y axis, and “2.00” in the textboxes next to the two 199 
remaining green arrows (red squares in Figure 1I). 200 
 201 
1.10. Repeat this step, adjusting for the correct distances from the coordinate initial point, 202 
until the entire solid box is filled with empty boxes spaced 2 mm apart from each other (Figure 203 
1J). 204 
 205 
1.11. Select all the boxes (solid and empty ones) by clicking with the mouse´s left button and 206 
dragging to the entire area. Press the CtrL+G keys on the keyboard to deploy the “group” 207 
command and create a single box with 16 empty spaces for fly vials (Figure 1K). This is the final 208 
design of the vial rack. 209 
 210 
1.12. Click on Export on the upper right corner of the Tinkercad window.  On the window box 211 
displayed (Figure 1L), select Everything in the design next to Include, and .STL under For 3D 212 
Print as the file type. Choose a proper name for the design file and save it in an appropriate 213 
place in the computer. 214 
 215 
2. 3D printing 216 
 217 
NOTE: In this section, we provide instructions on how to use the STL file created in Step 1 and 218 
convert it to the G-Code file containing the printing instructions to the 3D printer. This is the 219 
slicing process, for which we use the Repetier-Host software.  220 
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 221 
2.1. Download Supplemental File 1 and save it on an appropriate place in te computer. This is a 222 
.rcp file containing the printer configurations to be used below. To get more information on the 223 
.rcp file type, please visit 39. 224 
 225 
2.2. Open the Repetier-Host software, which should already be installed the computer, following 226 
instructions from37. Press the CtrL+O keys on the keyboard to open the STL file on the computer 227 
created in step 1. 228 
 229 
2.3. Once opened, click on the designed vial rack and press the R key on the keyboard to open 230 
the editing menu on the right side of the screen (red square 1 in Figure 2A). Centralize the object 231 
on the printing table by clicking on the Center Object button, indicated with red square 2 in 232 
Figure 2A, on the Object Placement tab. 233 
 234 
2.4. Click on the Slicer tab (red square 1 in Figure 2B) next to Object Placement tab, and then 235 
click on the Configuration button (red square 2 in Figure 2B) below. Note that a new window on 236 
the left will open where the printer parameters such as velocity, layer thickness and holders can 237 
be defined (see more details in the Discussion below). 238 
 239 
2.5. Click on the Import button (red square 3 in Figure 2E), select Supplemental File 1 from the 240 
files, and press Enter. Note that this .rcp file (downloaded in step 2.1) provides the parameters 241 
for the automatic configuration of the printer we have optimized for this vial rack.  242 
 243 
2.6. To finish configuring the printing parameters, select None for Support Type on the menu on 244 
the right (red square 4 in Figure 2E), as printing of this piece does not require a support to prevent 245 
bending or other deformities. In Infill Density (red square 5 in Figure 2E), choose 20% to create 246 
a solid structure (see more details about these parameters in the Discussion below). 247 
 248 
2.7. Click on Slice with CuraEngine on the upper right corner of the screen to run the slicing 249 
program and generate the G-Code, which has the information necessary for the printer to print 250 
the piece. Note that under the Print Preview tab on the menu on the right (next to the Slicer 251 
tab), information about the time and amount of material required for the printing job to be 252 
completed will then show (red square 1 in Figure 2F).  253 
 254 
2.9. Click on Save for SD Print to save the G-Code file in a SD card (red square 2 in Figure 2F). 255 
Note that the G-Code contains the 3D coordinates of the designed piece, sliced into layers, for 256 
proper function of the printer. 257 
 258 
2.10. Insert the SD card in the RepRap 3D printer, and then follow the information displayed on 259 
the printer screen to select printing from the SD card. 260 
 261 
2.11. Select the G-Code file of the vial rack. Note that the printer will automatically warm up and 262 
start printing the designed piece, which should take several hours. The rack (Figure 3A) should 263 
be ready for use immediately after the printing job is completed. 264 
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 265 
3. Behavioral analysis apparatuses 266 
 267 
NOTE: The steps described in steps 1 and 2 can be repeated with appropriate adjustments to 268 
print several of the pieces of lab equipment needed. However, we realize that designing new 269 
pieces may be challenging and time-consuming for beginner users of Tinkercad, so instead of 270 
providing step-by-step protocols on how to design all models, we are making available for 271 
download several design models we created as STL files (see Supplemental Files 2-11). 272 
 273 
3.1. Download Supplemental File 2 for a model of a small funnel (Figure 3B), routinely used in 274 
flylabs to help transfer adult flies to new vials or bottles by avoiding flies crawling up the inside 275 
walls of these containers to escape. 276 
 277 
3.2. Download Supplemental File 3 for a tapping mat support (Figure 3C), which can hold an 278 
ethylene-vinyl acetate foam or a thick cotton mat which glass vials or bottles can be tapped onto 279 
when one is tipping flies into new containers with freshly made food. 280 
 281 
3.3. Download Supplemental File 4 and Supplemental File 5 for the model of a camera stand that 282 
we named Stalker (Figure 3D).  283 
 284 
NOTE: The apparatus allows any camera (professional, webcams, cellphones, etc.) to be 285 
positioned on top of a base where a Petri dish containing larvae or adult flies can be imaged or 286 
video recorded. Stalker allows the imaging of animal behavior that takes place horizontally, 287 
always at the same distance from the Petri dish, which avoids introducing variability into the 288 
experimental measurements if the recordings must be made on different days, for example, or if 289 
the camera needs to be used for another purpose in between recordings. The apparatus is 290 
conveniently modular and can be easily assembled after printing the base and the top from 291 
Supplemental File 4, and the sides from Supplemental File 5. The 1 cm2 squares at the base, 292 
which can be highlighted using a permanent marker, help track distance travelled by individual 293 
animals. Print the apparatus (at least the base) using white filament, so that there is enough 294 
contrast between the background and the animals for the tracking software to identify each fly. 295 
 296 
3.4. Download Supplemental File 6 for the printable design of the Fly Motel (Figure 3E), which 297 
has ten courtship and mating arenas (rooms) organized in a manner to facilitate video recordings 298 
of ten individual mating pairs at a time. Note that the Fly Motel is based on the device published 299 
in 40, where detailed explanation for its use in behavioral studies is found. In addition to the 3D-300 
printed parts, the apparatus requires 12 screws (3 x 8 mm) for fixing the upper part to the lower 301 
one to stabilize the assembled device, an acrylic plate (60 x 60 x 3 mm), and a zip tight. Because 302 
the structure of the Fly Motel is more complex, we also provide an instructional video 303 
(Supplemental File 7) of how to assemble it correctly, given that all required pieces and a 304 
screwdriver are available. 305 
 306 
3.5. Download Supplemental File 8 for the model of a T-Maze (Figure 3F), which is used for 307 
memory assays using adult flies. A detailed explanation of how the T-Maze is used to make flies 308 
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associate repulsive odor stimuli with their phototropic behavior is found in the original 309 
publication41. The apparatus also makes use of two translucent 15 mL conical tubes, which are 310 
commonly found in any lab and are attached to the 2 cm-wide circular openings in each side of 311 
the central piece. Note that the printing of the T-Maze requires a support (see more details in 312 
the legend to Figure 2). Select “Everywhere” for Support Type (red square 4 in Figure 2E) after 313 
following steps 2.1-2.6 above.   314 
 315 
3.6. Download Supplemental File 9 and Supplemental File 10 for the design of the printable parts 316 
of our version of the apparatus for rapid iterative negative geotaxis (RING) assays (Figure 3G), 317 
used to perform climbing assays with adult flies of several genotypes or environmental conditions 318 
simultaneously, generating results in a more standardized and higher-throughput fashion42. The 319 
RING apparatus is also modular, and in addition to the 3D-printed parts, it requires other pieces 320 
that can be easily purchased online or in a hardware store at low cost: two Φ8 x 300 mm rectified 321 
shafts, four Φ8 mm linear bearings, rubber bands (or pieces of a string), a 240 x 60 x 20 mm piece 322 
of wood for the base, and eight wood screws (8 mm) to fix the printed parts to the wood base. 323 
Download Supplemental File 11 for instructions on how to assemble the device once all parts are 324 
printed or purchased. A detailed explanation of how to use the RING apparatus is found in the 325 
original publication42. 326 
 327 
4. Larval mobility assay 328 
 329 
NOTE: We have optimized this protocol, originally based on Nichols et al.42, to study the effects 330 
of AOX expression on Drosophila development under cold stress. The lines 3xtubAOX25 and w1118, 331 
used as examples of AOX-expressing and control larvae, respectively, were cultured on standard 332 
diet24 at 12 °C, according to Saari et al.34. We recommend this protocol to analyze the mobility of 333 
larval samples of any genetic condition, cultured under any environmental condition of interest.  334 
 335 
4.1. Prepare 2% agar plates by boiling the equivalent amount of agar in deionized water, pouring 336 
into Φ90 X 15 mm Petri dishes, and allowing them to solidify at room temperature. For plates 337 
with a final volume of 20 mL each, use 0.4 g of agar. 338 
 339 
4.2. Carefully collect wandering L3 larvae from the side of the culture vials/flasks using a pair of 340 
round tip forceps or a brush, and place the individuals in a Φ90 x 15 mm Petri dish with deionized 341 
water for less than 10 seconds to rinse food particles attached to their body.  342 
 343 
4.3. Transfer individual larva to dishes with agarose and wait 5 minutes for the animals to 344 
acclimate. 345 
 346 
4.4. Position the dishes containing the individual larva on top of a graph paper (0.2 cm2 grid), 347 
and count the number of lines crossed by the animal for 1 minute, as it moves on top of the agar. 348 
Each line crossed represent a distance of 2 mm. Repeat the procedure with the same individual 349 
10-15 times to obtain technical replicates. 350 
 351 
4.5. Repeat step 4.4 with at least 8-10 individuals from different tubes/flasks, cultured at 352 
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different times to obtain biological replicates of the same line. 353 
 354 
4.6. Repeat steps 4.4 and 4.5 to obtain data for the other fly line (or for as many lines as one 355 
intends to analyze). 356 
 357 
4.7. The same individual larvae used in steps 4.4-4.6 may be used to obtain additional data on 358 
body movement by placing the agar dishes with an individual larva under a stereomicroscope 359 
and counting the number of peristaltic contractions of the body wall for 1 minute. Obtain 360 
technical and biological replicates for an estimate of average mobility among the fly lines 361 
analyzed. 362 
 363 
4.8. Apply the statistical test to calculate the probability of the values of these larval mobility 364 
parameters being distinct among the lines of interest. Because we are comparing here data from 365 
only two lines, a Student’s t test may be applied. 366 
 367 
5. Mitochondrial respirometry using larval homogenates 368 
 369 
NOTE: The following protocol was optimized to measure mitochondrial oxygen consumption 370 
from larval homogenates of the AOX-expressing line 3xtubAOX and the control w1118, cultured at 371 
12°C, but we also recommend it to be used for larval samples of any genetic and environmental 372 
conditions. We realize that conducting such experiments should not be included as an 373 
“affordable” goal for a “home-made” flylab, unlike all other protocols we provide in this article, 374 
as a considerable initial investment must be made for a lab to acquire a high resolution oxygraph. 375 
The protocol is to be used with the Oxygraph-2k (O2k) and the DatLab software from Oroboros 376 
Instruments, so further optimization is required should the reader want to use an alternative 377 
equipment. 378 
 379 
5.1. Turn on the O2k and start the DatLab software in the computer connected to the oxygraph. 380 
The magnetic bars inside the assay chambers should start stirring automatically. Remove the 381 
ethanol storage solution from the chambers. 382 
 383 
5.2. Wash the chambers at least 3 times with 100% ethanol and 3 times with ultrapure water. 384 
 385 
5.3. In DatLab, the window O2k Control will open automatically. In Block temperature [°C], enter 386 
12 °C (or the preferred temperature in the range of 2-47 °C) and press OK. 387 
 388 
5.4. A second window, Edit Experiment, will then open automatically. Enter sample names in the 389 
Sample fields, according to what will be added in chambers A and B, and press Save.  390 
 391 
5.5. Add 1800 µL of the assay buffer (120 mM KCl, 5 mM KH2PO4, 3 mM Hepes, 1 mM EGTA, 392 
1 mM MgCl2, 2% BSA, pH 7.4) in each chamber and close them partially, still allowing oxygen 393 
exchange with the outside air. Allow the oxygen concentration and oxygen flux signals to 394 
stabilize, showing minimal fluctuations for at least 10 min. This step will provide the calibration 395 
of the equipment with the outside air on the day of the experiment (see steps 6.3 and 6.4 below 396 
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for further details on experimental calibrations). 397 
 398 
5.6. During the air calibration step, initiate sample preparations by carefully collecting from the 399 
culture tubes/flasks 20 wandering larvae of the appropriate genotype, using a pair of forceps or 400 
a small paintbrush. 401 
 402 
5.7. Rinse each larva quickly but thoroughly with deionized water or 1x PBS (137 mM NaCl, 2.7 403 
mM KCl, 8 mM Na2HPO4 and 2 mM KH2PO4) and transfer them to a 1 mL glass homogenizer on 404 
ice, containing 500 µL of ice-cold isolation buffer (250 mM sucrose, 5 mM Tris HCl, 2 mM EGTA, 405 
pH 7.4) 406 
 407 
5.8. Homogenize the whole larvae with 5 strokes and pour the homogenate into a 1.5 mL 408 
microcentrifuge tube on ice.  409 
 410 
5.9. Add 300 µL of isolation buffer to the glass homogenizer, macerate the remaining larval 411 
tissues further with 3 strokes, and pour the homogenate again into the same microcentrifuge 412 
tube on ice. 413 
 414 
5.10. Add 200 µL of isolation buffer to the glass homogenizer, macerate the residual larval tissues 415 
further with 2 strokes, and pour the homogenate again into the same microcentrifuge tube on 416 
ice. 417 
 418 
5.11. Mix the final homogenate (~1 mL) by inverting the tube twice gently and keep it on ice until 419 
the second sample is processed. 420 
 421 
5.12. Repeat steps 5.6-5.11 to obtain the larval homogenate of the other genotype. 422 
 423 
5.13. Open the oxygraph chambers A and B, and transfer 200 µL of each homogenate to the assay 424 
buffer in each chamber, which must be exactly at 12 °C at this point. Close the chambers 425 
completely and allow the oxygen concentration and oxygen flux signals to stabilize for 426 
approximately 10 min. 427 
 428 
5.14. Initiate oxygen consumption measurements by adding to each chamber 5 μL of a solution 429 
of 2 M pyruvate, 2 M proline (final concentration in the chambers = 5 mM each) and 7.5 μL of a 430 
solution of 0.4 M malate (1.5 mM). Allow at least 5 minutes for signal stabilization. Note that at 431 
this point, the mitochondria will be charged with oxidizable substrates to initiate the tricarboxylic 432 
acid (TCA) cycle reactions. Any increase in the oxygen consumption signal may be due to the 433 
functions of uncoupling proteins (or due to other uncoupling phenomena), and can be used to 434 
calculate general uncoupled respiration (also referred to as Leak respiration in the absence of 435 
adenylates, LN – see Representative Results for details). 436 
 437 
5.15. Add to each chamber 4 μL of a solution of 0.5 M ADP (1 mM) and allow at least 5 minutes 438 
for signal stabilization. A significant increase in the oxygen consumption signal is usually 439 
immediately observed, representing the oxidative phosphorylative (OXPHOS) respiration. The 440 
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great majority of this OXPHOS respiration is driven by complex I (CI). 441 
 442 
5.16. Add to each chamber 2 μL of a solution of 0.05 M antimycin A (0.05 mM) to inhibit CIII, and 443 
allow at least 5 minutes for signal stabilization. A decrease in the oxygen consumption signal 444 
down to the basal levels seen before the addition of pyruvate, proline and malate should be 445 
observed for the w1118 control sample. Mitochondrial respiration from AOX-expressing larvae will 446 
be partially resistant to antimycin-A, as the electrons can now be directed to AOX. About 40% of 447 
the total OXPHOS respiration should remain after CIII inhibition, which should be all supported 448 
solely by AOX.  449 
 450 
5.17. Add to each chamber 4 μL of a solution of 0.1 M propyl-gallate (0.2 mM) to inhibit AOX, and 451 
allow at least 15 minutes for signal stabilization. The oxygen consumption levels in the AOX-452 
expressing larval samples should now decrease to the basal levels seen before the addition of 453 
pyruvate, proline and malate. This decrease proves that the antimycin-A resistant respiration 454 
observed is due to AOX function. 455 
 456 
5.18. Add to each chamber 1 μL 0.01 M rotenone (0.005 mM) to inhibit CI, and allow at least 5 457 
minutes for signal stabilization to obtain the oxygen consumption signal of the sample 458 
independent of mitochondrial respiration. This signal is usually as low as that observed before 459 
the addition of pyruvate, proline and malate. 460 
 461 
5.19. Save the experiment and close the DatLab software.  462 
 463 
6. Mitochondrial respirometry data processing 464 
 465 
NOTE: Oxygen consumption values are obtained as an average of the oxygen flux signals in a 466 
determined period of time and are expressed as pmol O2 consumed per second per mg total 467 
protein in the sample. The values are first referenced against the maximal oxygen concentration 468 
available in the assay buffer on the day of the experiment, based on the experimental 469 
temperature (referred to as air saturation), and the minimal oxygen concentration, which is 470 
determined previously in each chamber by the addition of Na2S2O4 to the assay buffer (see 43 for 471 
the manufacturer’s guidelines to obtain zero oxygen calibration). The values are also normalized 472 
by the amount of total protein in the larval homogenates added to the assay buffer of each 473 
chamber. 474 
 475 
6.1. Determine total protein concentration of each sample using the Bradford method44. Reopen 476 
the saved experiment on the DatLab software, press Experiment at the top menu, and then Edit. 477 
In the opened window, select mg in the Unit section and in the Amount section enter the protein 478 
amount contained in the 200 μL of the sample added in each chamber. The concentration will be 479 
automatically calculated by the software, considering the total chamber volume of 2 mL. Press 480 
the Save button.   481 
 482 
6.2. Press Graph in the top menu, and then Select plots. In the opened window, select Flux per 483 
mass for both graphs (1 and 2, which refer to chambers A and B, respectively). Press Ok. The 484 
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experimental outcome is now normalized by the protein concentration of the samples (pmol 485 
O2/s/mg total protein). 486 
 487 
6.3. On the upper right corner of each graph (1 and 2) of the main experimental outcome page, 488 
click on O2 Concentration. Along the x axis, identify a time range prior to addition of the samples 489 
in the chambers, in which the oxygen concentration and flux signals are very stable.  490 
 491 
6.3.1. Press and hold the Shift key on the computer’s keyboard, click with the left mouse button 492 
on the initial time selected, drag the cursor along the time axis to select the desired region, and 493 
release the mouse button. Do this procedure for each of the graphs individually.  494 
 495 
6.3.2. Double-click on the blue bars of the selected areas at the bottom of the graphs, and type 496 
“air” to indicate that these are the selected regions used to calculate the oxygen air saturation. 497 
 498 
6.4. Click on Calibration on the top menu bar, and select A: Oxygen, O2 to calibrate chamber A. 499 
In the opened window, verify that O2 Calib is selected (yellow color).  500 
 501 
6.4.1. For the Zero calibration, click on Copy from file and choose the file with the previously 502 
performed zero oxygen calibration (see https://www.oroboros.at for the manufacturer’s 503 
guidelines).  504 
 505 
6.4.2. For Air calibration, select air in the Select Mark column. Click on Calibrate and copy to 506 
clipboard. 507 
 508 
6.5. Click on Calibration on the top menu bar, select B: Oxygen, O2 and repeat step 6.4 to 509 
calibrate chamber B.  510 
 511 
6.6. On the upper right corner of each graph (1 and 2) of the main experimental outcome page, 512 
click on O2 flux per mass. Select desired stable regions of the oxygen consumption signal by 513 
holding the Shift key on the keyboard, clicking with the left mouse button, and dragging the 514 
cursor along the time axis. The stable regions selected between additions of 515 
pyruvate/proline/malate and ADP represents the LN; between ADP and antimycin A, OXPHOS; 516 
between antimycin A and propyl gallate (upon CIII inhibition), antimycin A-resistant respiration; 517 
between propyl gallate and rotenone (upon CIII+AOX inhibition), residual respiration; after 518 
rotenone (upon CI+CIII+AOX inhibition), residual non-mitochondrial respiration. Double-click on 519 
the red bars of the selected areas at the bottom of the graphs, and enter appropriate labels. 520 
 521 
6.7. Click on Marks on the top menu bar, and then Statistics. In the Show tab of the opened 522 
window, uncheck all options except O2 flux per mass. In the Select tab of the same window, 523 
select chamber A to obtain the respiration data for the first sample. Click on Copy to clipboard 524 
and paste the data into a spreadsheet. Repeat the procedure to obtain the data for the second 525 
sample in chamber B. 526 
 527 
6.8. In a spreadsheet, subtract all respiration values by the residual non-mitochondrial respiration 528 
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(the data after rotenone addition). Calculate averages from multiple experimental replicates and 529 
plot the data as preferred.  530 
 531 
REPRESENTATIVE RESULTS: 532 
By following the steps in steps 1 and 2, one should be able to design a simple fly vial rack, and 533 
run the model STL file through the slicing program to generate coordinates for the 3D printer. 534 
Figure 3A shows a printed unit of the model next to its design. We also hope step 1 can provide 535 
the basic skills for one to use the basic shapes available in the Tinkercad platform to create useful 536 
apparatuses for the lab. Developing these skills, however, may require constant practice and 537 
frequent consultations of the Tinkercad help center45. In step 3, we provide our own designs for 538 
apparatuses that we routinely use for general fly maintenance and behavioral studies with adults 539 
or larvae. By following step 2, a researcher should be able to use the STL files provided as 540 
Supplemental Files 2-6 and 8-10 in step 3 to print tapping mat supports, funnels, Stalkers, Fly 541 
Motels, T-Mazes and RING apparatuses. Figure 3B-G shows side-by-side images of the model 542 
designs and of the actual printed and assembled apparatuses. It is important to mention that 543 
each printer may require minimal adjustments to the printing settings for optimal function; our 544 
Supplemental File 1, however, appears to provide a robust initial set of instructions for RepRap 545 
3D printers to print the abovementioned devices. 546 
 547 
In addition to providing instructions on how to create and 3D-print apparatuses that can be used 548 
for behavioral analyses in Drosophila, we also provide a protocol to perform assays and obtain 549 
behavioral measurements using larvae (step 4) and a protocol for high resolution respirometry 550 
using larval homogenates (steps 5 and 6) to investigate mitochondrial metabolism. The mobility 551 
assays provided can easily reveal the impact on larval behavior at cold temperatures, when the 552 
fly OXPHOS is directly altered by ubiquitous expression of AOX. AOX-expressing larvae can cover 553 
distances ~70% longer than control larvae at the stressful temperature of 12 °C (Figure 4A), 554 
apparently due to the ~40% higher number of peristaltic movements of the body wall (Figure 555 
4B). We can also easily associate this change in behavior with changes in mitochondrial function. 556 
Figure 5A shows the traces of oxygen consumption as a representative outcome of an experiment 557 
using larval homogenates. It is evident that the mitochondria of AOX-expressing larvae have 558 
antimycin A-resistant respiration, which is sensitive to the AOX inhibitor propyl-gallate (green 559 
arrow in Figure 5A, and Figure 5B), and consistent with previously published data using adult flies 560 
and the expected function of AOX24. Quantification of the different oxygen consumption states 561 
also indicates that LN respiration is elevated in AOX-expressing larvae (Figure 5B). This in turn is 562 
reflected in the calculations for respiratory control ratio (RCR), which is a parameter that 563 
indicates how coupled mitochondria are by dividing the values for OXPHOS respiration by those 564 
of Leak respiration46, 47. The lower RCR in AOX-expressing larvae suggests mitochondria are less 565 
coupled in these flies (Figure 5C). We speculate that the energy that is not being used for ATP 566 
synthesis is in fact being dissipated as heat, which gives AOX-expressing larvae more mobility at 567 
such an extremely stressful temperature. 568 
 569 
FIGURE AND TABLE LEGENDS: 570 
Figure 1. Modeling of a small fly vial rack using Tinkercad. (A) Access to the modeling platform 571 
is given online38 using the user´s preferred password-protected credentials. (B) General view of 572 
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the platform. Blue square 1 indicates the workplane, which represents the printer table, where 573 
objects are designed. Blue square 2, Basic Shapes menu, where several pre-made shapes are 574 
found. Blue square 3, a menu with useful functions, such as mirror, copy, duplicate and combine. 575 
Blue square 4, workplane movement menu, which controls rotations of the workplane to better 576 
view the object being modeled. Positioning the side of the cube using the mouse´s left button to 577 
“Top”, “Bottom”, “Front”, “Back”, “Right” and “Left” shows views of the object from different 578 
angles. Blue square 5, left menu containing other useful functions, such as zoom in and zoom 579 
out, among others. Red square, “Edit Grid” and “Snap Grip” options. (C) The Edit Grid window, 580 
where the workplane can be edited. (D) The design of a solid box (future vial rack). Red squares 581 
indicate the textboxes in which the dimensions of the box can be typed. (E) The design of a solid 582 
box (future vial rack) of 130 (length) x 130 (width) x 40 (height) mm. Red square 1 indicates the 583 
tool “Ruler”; red square 2, the lower left vertex of the box, which will become the initial point (x 584 
= 0, y = 0, z = 0) of a tridimensional Cartesian coordinate system. (F) The same solid box as in E, 585 
with red squares A-C illustrating that the lower left vertex of the box is now 0.00 mm away in all 586 
axes from the initial point of a tridimensional Cartesian coordinate system. (G) An empty (hole) 587 
box (future space for a fly vial) of 30 x 30 x 40 mm is inserted in the workplane. The red square 588 
indicates the textbox in which 2.00 should be typed to elevate the empty box 2 mm from the 589 
workplane. (H) The same empty box as in G is positioned inside the initial solid box of 130 x 130 590 
x 40 mm by typing 2.00 in the textboxes indicated with red squares. (I) A second empty box 591 
inserted into the design illustrates how the spaces for fly vials are created one by one, based on 592 
the first empty box. The red squares indicate the textboxes that must be filled for the proper 593 
positioning of the empty boxes. (J) The design is now filled with 16 empty boxes, evenly spaced 594 
inside the initial solid box. (K) Final 3D model of the vial rack, which is now a single piece, created 595 
by grouping the initial solid box with the 16 empty boxes evenly spaced inside the solid box. See 596 
Step 1 for details on the whole procedure, including how to save the final model as an STL file (L). 597 
 598 
Figure 2. Slicing of the 3D vial rack model and configuring the printer using Repetier-Host. (A) 599 
The STL file containing the model of the vial rack (see Step 1 and Figure 1 for details) is opened 600 
with the Repetier-Host software installed on the computer. The editing menu on the right is 601 
indicated by red square 1, and the Center Object button by red square 2. (B) Initial steps to run 602 
the slicing software (see Step 2 for details). Red square 1 indicates the Slicer tab on the editing 603 
menu; red square 2, the Configuration button; red square 3, the Speed and Quality window, 604 
where important printer parameters such as velocity, layer thickness and holders can be defined 605 
(see the Discussion for details). (C) Detail of the Speed and Quality window. The red square 606 
indicates where the thickness of the printing layers (Layer Height and First Layer Height) can be 607 
adjusted. (D) In the Filament tab (red square), one is able to check parameters related to the 608 
filament to be used, such as the Diameter (which for most filaments is set to 1.75 mm), the Print 609 
and Bed Temperatures (respectively, the temperature to melt the filament at the printer 610 
extruder, and the temperature of the printer table which helps with adherence), and the Cooling 611 
Speed (which in general guarantees that the extruder does not overheat). (E) Final steps to run 612 
the slicing software (see step 2 for details). Red squares 1 and 2 same as in (B); red square 3, the 613 
Import button, where most of printer´s adjusting parameters can be uploaded from 614 
Supplemental File 1; red square 4, Support Type option, which in this particular case of the fly 615 
rack should be “None”; and red square 5, Infill Density option, which should be 20% for printing 616 
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of most objects. The use of a support, such as for the printing of the T-Maze (see step 3 for 617 
details), is necessary when the layers are not to be printed directly onto the printer table or on 618 
top of another layer. The support is particularly important to prevent collapse of structural parts 619 
that are in an arc format or of closed structures that are hollow inside, for example. (F) 620 
Visualization of the printing statistics (red square 1) under the Print Preview tab, which is 621 
calculated after the Slice with CuraEngine button (shown in E) is pressed. After pressing the Save 622 
for SD Print button (red square 2), the G-Code file should be saved in an SD card to be transported 623 
to the printer. 624 
 625 
Figure 3. “Homemade” apparatuses for general fly maintenance and behavioral analyses. Side-626 
by-side images of our model designs (left) and of the actual printed apparatuses (right) are 627 
shown: small fly rack (A), funnel (B), tapping mat support (C), Stalker (D), Fly Motel (E), T-Maze 628 
(F), and RING apparatus (G). Details on how to print and assemble these apparatuses are shown 629 
in steps 1-3. Note that in F, the picture of the T-Maze does not contain the two 15 mL conical 630 
tubes which would give it its “T” shape41. 631 
 632 
Figure 4. Higher mobility of AOX-expressing larvae cultured at 12 °C. Measurements of distance 633 
crawled (A) and number of body wall contractions (B) per minute by individual larva were 634 
obtained as described in step 4. The fly lines used were w1118 (control, AOX-nonexpressor) and 635 
3xtubAOX (AOX-expressor)25. Datapoints indicate means ± standard deviation of 8 biological 636 
replicates with 15 technical repetitions each. * indicates significant differences (p<0.01), 637 
according to a Student's t-test.  638 
 639 
Figure 5. Higher levels of mitochondrial oxygen consumption in AOX-expressing larvae cultured 640 
at 12°C. (A) Traces of a representative experiment showing changes in real time oxygen 641 
consumption (red line) and oxygen concentration (blue line) in the chambers as the indicated 642 
substrates and inhibitors were added (black arrows) to the assay medium containing whole larva 643 
homogenates of the w1118 (control, AOX-nonexpressor) and 3xtubAOX (AOX-expressor). 644 
Pyr+Pro+Mal indicates addition of pyruvate, proline and malate, which are oxidized inside 645 
mitochondria providing NADH, substrate for complex I. The following increase in oxygen 646 
consumption is due to Leak respiration without adenylates (LN). Addition of ADP allows the ATP-647 
synthase to release the proton gradient so that the Oxidative Phosphorylative respiratory state 648 
(OXPHOS) is achieved. Addition of antimycin A inhibits complex III (CIII), completely abolishing 649 
oxygen consumption in the AOX-nonexpressing control sample (top graph), and allowing the 650 
antimycin  A-resistant respiration activity of AOX (green arrow) to be measured in the AOX-651 
expressing sample (bottom graph). Addition of propyl-gallate, an AOX inhibitor, followed by the 652 
complex I inhibitor rotenone, certifies that mitochondrial respiration is totally abolished in both 653 
lines, allowing baseline oxygen consumption to be established. The first 50-60 min of the 654 
experiments, prior to the addition of Pyr+Pro+Mal, show the traces during stabilization of the 655 
oxygraph system, and were deliberately omitted here. The traces before addition of the sample 656 
homogenates are used for calculation of air oxygen saturation (see steps 5 and 6 for details). (B) 657 
Quantification of the oxygen consumption data shown in A averaged with that of 3-5 other 658 
biological replicates (± standard deviation). AA-resistant, antimycin A-resistant respiration; CIII + 659 
AOX inhibition, residual respiration. (C) Respiratory control ratio (RCR) was calculated as the 660 
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average ratio between OXPHOS and LN respirations of the data shown in B and that of 3-5 other 661 
biological replicates (+/- standard deviation), to estimate mitochondrial OXPHOS-coupling 662 
efficiency. We have previously measured Leak respiration in the presence of oligomycin (LOmy) 663 
and determined no differences between LOmy and LN (data not shown). Using LN to compute RCR 664 
allows us to measure the antimycin A-resistant respiration by AOX in the same experiment. * 665 
indicates statistical differences (p<0.05), according to Student's t-tests. 666 
 667 
DISCUSSION: 668 
The 3D-printing protocols and STL files provided here are intended to facilitate the setup of a 669 
new flylab or to increase the repertoire of apparatuses in an existing Drosophila behavioral 670 
facility, using “homemade” equipment. The 3D-printing strategy may be particularly useful in 671 
developing countries such as Brazil, where research using Drosophila as a model organism for 672 
studying human biology appears to be underrepresented, and specialized equipment is costly. 673 
Our protocols provide instructions on how to create the plastic framework and to assemble 674 
relatively simple devices, such as vial racks and apparatuses for memory, courtship and climbing 675 
assays, which may only need extra simple non-printable pieces for complete functionality. For 676 
proper printing results, the user may need to adjust a few printing parameters based on his/her 677 
own printer. In Figure 2B, under “Speed and Quality” (red square 3), one can find important 678 
settings that may determine the quality of the final printed piece. “Print” controls the range of 679 
speed at which the printer extruder works to form the 3D piece; the lower the speed, the higher 680 
the final quality and the total time needed to complete the job. In “First Layer”, one should 681 
consider the printing speed of the layer that will be placed directly onto the printer table. It is 682 
important that this is slow (30 mm/s), as any imperfections in the first layer may alter all of the 683 
layers above, causing deformities in the final piece. For the same reasons, we choose higher 684 
thickness for the first layer (“First Layer Height: 0.3 mm”), whereas the remaining layers can be 685 
thinner (“Layer Height”, red square in Figure 2C) without detriments to the final piece. 686 
 687 
As the interested Drosophilist becomes more familiarized with the 3D-priting methods by 688 
creating the devices presented here, we recommend him/her to invest in more complex 689 
equipment that can provide more streamlined quantitative data for different behavioral 690 
parameters. One such equipment includes the FlyPi15, which is a relatively affordable, open-691 
source platform for measuring behaviors of small model animals, including Drosophila, that can 692 
be controlled by optogenetic and/or thermogenetic tools, due to the attached LED-based 693 
fluorescence microscope and the Peltier-based temperature stimulator modules. Another 694 
example of a more sophisticated equipment that can be home-made is the ethoscope48, a 695 
platform for high-throughput, real-time tracking and profiling of small animal behavior. For these, 696 
nevertheless, one must also invest in electronic components, such as cables, circuits, cameras, 697 
lens, among other parts, and follow the instructions provided by the original designers to 698 
assemble the parts into the 3D-printed framework and connect with the software49, 50. 699 
 700 
Among all model designs we present here, those for the tapping mat support and the funnel 701 
appear to be basically dispensable for a Drosophilist in a developed country. However, it is 702 
important to emphasize that basic supplies for a flylab in Brazil are not easily purchasable. For 703 
example, we are not aware of any company that produces polypropylene fly vials and bottles in 704 
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the country; these usually serve a single-use purpose in flylabs. They must then be imported and, 705 
as a result, they are relatively expensive and rarely ready for delivery when available in the 706 
national market. The large number of local companies that do glasswork, however, can easily 707 
provide us with customized reusable glass vials and bottles (such as those used by Thomas Hunt 708 
Morgan in the original Fly Room), which must be carefully cushioned when tapped to avoid 709 
breaking. Tapping mats and their supports are therefore extremely useful. We have not been 710 
able to 3D-print fly vials and bottles efficiently, as the printed pieces are not transparent enough 711 
for proper observation of the flies inside, even when using transparent filament (data not shown). 712 
Recently, the company Polymaker developed the Polysmooth, a filament designed specifically for 713 
post-processing and removal of the printing layer lines, allowing the printed devices to have a 714 
high degree of transparency. This may be extremely useful for printing fly vials in the future. 715 
Regarding funnels, although inexpensive and easily found in any supermarket or hardware store, 716 
they often have long tips and round cups, which are impractical for use in the lab. In this case, 717 
3D-printing provided us with funnels customized for our needs. 718 
 719 
Device customization is perhaps the most important aspect of the 3D-printing strategy, which 720 
can be employed by flylab members in developed and developing countries alike. We in fact have 721 
also customized the Fly Motel, the T-Maze and the RING apparatus, whose original designs were 722 
published elsewhere40–42. The original Fly Motel design, for example, has more arenas and is 723 
therefore significantly larger in size40. Printing such large apparatus would not have been feasible 724 
using our RepRap printer because of the limited space of its printing table (20 cm x 20 cm). In 725 
addition, recordings encompassing all individual arenas of the original Fly Motel design 726 
simultaneously would have generated poorer quality videos using our cameras, which could 727 
compromise software tracking of the individual animals and, ultimately, the behavioral analysis 728 
of the pair of flies in each individual arena. Moreover, the Fly Motel and the framework of the T-729 
Maze were originally designed to be made of acrylic, which is significantly more expensive and 730 
allows less flexibility when assembling a modular apparatus; in other words, the actual acrylic 731 
pieces must have the exact size shown in the design, so that they can fit, assemble and form a 732 
single device40. Instead, the PLA-printed pieces of the Fly Motel and the T-Maze are rigid, yet 733 
show some flexibility during assembly, in addition to having no known toxicity. 3D-printing the T-734 
Maze using PLA also has another advantage over acrylic, as the former does not allow ambient 735 
light to penetrate the chamber inside the apparatus, allowing the flies to properly choose either 736 
of the two lateral conical tubes where the light should in fact play its essential role in these 737 
behavioral assays41. 738 
 739 
Although simple, the Stalker is our own creation, designed to be very versatile. In addition to 740 
using it with any camera available as a stand-alone device so videos and pictures of flies can be 741 
made and analyzed on independent software, such as ImageJ51, it may also serve the purpose of 742 
a removable appendment to our own version of the ethoscope, by inserting it into the latter´s 743 
internal recordable space. The STL files we make available with this article can be opened with 744 
Tinkercad to be even further altered with relative ease, before the interested researcher decides 745 
to 3D-print any of the devices, including our original Stalker. We make ourselves available by 746 
email to clarify any particular steps of our protocols, and to help with new designs of interest. 747 
We also encourage the reader to find important information on websites of “makers culture” 748 
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communities dedicated to design and produce lab equipment that is affordable for biologists in 749 
general: the Open Neuroscience52 and the 3D Printable Science53. 750 
 751 
We recognize that even with all the designed apparatuses presented here, some behavioral 752 
assays still need to be performed “manually”. Although this may introduce artifacts and 753 
subjectivity, it allowed us to analyze parameters that cannot be easily quantified using open-754 
source software we have in our lab, such as the peristaltic movements of the larva body wall. 755 
Automated measurements of these movements can, however, be made using the FlyPi 756 
platform15. To test how the introduction of the non-proton pumping terminal oxidase AOX into 757 
the fly´s OXPHOS system may influence behavior, we made use of manually counting larval 758 
peristaltic movements under the microscope. Because we used the extreme temperature of 12 759 
°C and larval mobility is usually very limited under these conditions54, 55, manually measuring the 760 
distance travelled by the larvae along with counting body wall contractions turned out to be 761 
entirely feasible. We have shown previously that larval development is faster and larval viability 762 
is higher when AOX is expressed in flies cultured under stressful low temperatures, with more 763 
pronounced results at 12 °C34. The hypothesis to explain these was based on the known 764 
thermogenic properties of plant AOX56–58: the enzyme activity uncouples mitochondria, 765 
generating heat and consequently accelerating larval metabolism. Showing here that AOX-766 
expressing larvae are significantly more mobile at 12 °C (Figure 4) is consistent with such a 767 
hypothesis. 768 
 769 
Also consistent with the thermogenesis hypothesis is our mitochondrial respirometry data 770 
(Figure 5). We first developed the mitochondrial oxygen consumption protocol described here to 771 
be used with larval homogenates in an Oroboros O2k oxygraph at 12 °C. Condensation on the 772 
outside of the chambers due to the colder temperature inside was an initial concern for the long-773 
term function of the equipment, but this does not appear to have caused any significant changes 774 
in the oxygraph performance throughout several years of use (data not shown). The use of total 775 
larval homogenates provides us with an estimate of mitochondrial performance in general, which 776 
is an important step when ubiquitously expressing AOX. Unlike respirometry experiments using 777 
whole adult homogenates, in which the flight muscle mitochondria are the most abundant 778 
mitochondria in the samples59, 60 the tissue(s) that most contribute(s) to mitochondrial 779 
respiration in larval homogenates has(ve) not yet been determined experimentally. Our protocol 780 
may certainly be advantageous in the pursuit of this goal, and in the investigation of the possible 781 
AOX-driven thermogenesis in a tissue-specific fashion. Using whole larva homogenates, however, 782 
requires significantly more cleaning and maintenance of the O2k chambers and oxygen sensors 783 
for proper continuing function of the equipment. We recognize that the high abundance of lipids 784 
and proteins stored in larvae is an important issue, as these with time may deposit on the interior 785 
walls of the assay chambers. Frequently, we have to clean the chambers with concentrated 786 
hydrochloric acid for completely removal of these deposits, following instructions from the 787 
manufacturer´s website43. This process is time-consuming as the chambers must be removed 788 
from the equipment for a whole day of cleaning, and the equipment must be recalibrated when 789 
reassembled. This is, nevertheless, extremely important to prevent accumulation of lipid-soluble 790 
mitochondrial inhibitors that may interfere with the oxygen consumption assays. 791 
 792 
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Here, we measured three mitochondrial respiratory conditions in the presence of substrates 793 
whose oxidation provides electrons to CI, which in turn are finally used for O2 reduction in the 794 
cytochrome c segment of the respiratory chain (CIII and CIV) or by AOX. LN is sustained by electron 795 
transfer through these complexes and AOX, as a result of proton leakage from the mitochondrial 796 
intermembrane space to the matrix (intrinsic uncoupling). The OXPHOS condition is sustained 797 
basically by the same electron transfer reactions, which is in this case stimulated by the action of 798 
the ATP synthase, as it permits the dissipation of the proton gradient and the condensation of 799 
ADP and inorganic phosphate (coupled respiration)61. The antimycin A-resistant respiration, 800 
however, is similar to OXPHOS, but driven solely by AOX as the terminal oxidase. AOX-expressing 801 
larvae present strong antimycin A-resistant respiration (Figure 5A and B), which allows the 802 
development of these flies in food containing toxic levels of antimycin A24. We also observed 803 
significantly higher LN in the presence of AOX (Figure 5A and B), which results in a lower RCR 804 
(Figure 5C). This estimate of lower mitochondrial coupling indicates higher energy dissipation, 805 
which is again consistent with a thermogenic role for AOX in Drosophila larvae cultured at low 806 
temperatures. However, additional experiments are warranted to show how much heat AOX 807 
produces and how this changes metazoan mitochondrial metabolism. This may include 808 
investigations testing other mitochondrial electron transfer pathways and other temperatures. 809 
Notably, the Oroboros high resolution respirometry system is a versatile equipment, allowing 810 
different combination of protocols to test the mitochondrial electron transfer system in different 811 
ways. In addition, and perhaps more importantly, the protocols can be optimized as needed and 812 
the interested Drosophilist can count on a large online community of O2k users specialized in 813 
mitochondria of diverse tissues, and on the open-source materials provided by the company in 814 
their website43. 815 
 816 
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Response to the editorial and reviewers´ comments 
Garcia et al., manuscript ID JoVE62669 
 
 
We would like to thank all people involved in the scientific and editorial review of our manuscript, 
especially for the patience as we faced critical moments of the current COVID-19 pandemic during 
the writing and revision of the work. We have revamped our manuscript along the lines proposed 
by the reviewers. In the new version, we indicate changes introduced in response to criticisms in 
red text, with accompanying marginal red boxes numbered according to specific reviewer or 
editorial comments, as below. We also would like to state that the revision of our manuscript 
required the intense participation of another member of our lab, Murilo F. Othonicar, whose name 
has now been removed from the Acknowledgements, and added as a coauthor in this work. We 
hope our manuscript is now suitable for publication in JoVE. 
 
 
Editorial and production comments: 
 
E1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. 
 
We believe we have proofread all document after revision, and that it should be ready for 
publication after the reviewers´ reevaluation. We have also included a new author in the 
manuscript. 
 
 
E2. Please revise the title for conciseness. 
 
The title is now under JoVE´s guidelines of no more than 150 characters: An affordable and 
efficient “homemade” platform for Drosophila behavioral studies, and an accompanying protocol 
for larval mitochondrial respirometry 
 
 
E3. Please do not provide URLs in the article text. You can cite these URLs as superscripted 
numbers similar to the references. 
 
URLs have been moved to the reference list and are now cited with superscripted numbers in the 
main text. 
 
 
E4. The Protocol should contain only action items that direct the reader to do something. Please 
move the discussion about the protocol to the Discussion. 
 
We believe we have moved everything that is not essential for the protocol to the discussion 
section. We have, however, left the introductory paragraph of each protocol, as we consider this 
essential to contextualize the reader. 
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E5. Please ensure that all text in the protocol section is written in the imperative tense as if telling 
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 
described in the imperative tense in complete sentences wherever possible. 
 
We have revised the Protocols section accordingly, and believe it now meets the requirements 
described here, except perhaps for Protocol 3. This protocol has a distinct nature, so we consider 
that its current format is very informative to the reader and that should not be altered. 
 
 
 
Reviewers' comments: 
 
Reviewer #1: 
Manuscript Summary: 
This manuscript aims to introduce the use of 3D printing in drosophila research and provides 
examples of the types of equipment that can be produced. Further it shows how some of the 
equipment can be used to perform physiology studies on the flies. 
 
We appreciate the comprehensive review provided by reviewer #1. We have edited the manuscript 
to address every single comment below to the best of our abilities. The 3D design and printing 
protocols have been improved significantly. 
 
 
R1.1: My biggest concern is that while I wholeheartedly support the use and expanded use of 3D 
printing in all types of research, and agree that it can democratize access to equipment and 
research opportunities, this particular manuscript seems to fall in between the cracks. Its not 
enough of a guide in terms of the specifics needed for a complete novice that has never done any 
3D printing or drosophila work so I worry that it will leave readers confused or not feeling capable 
of carrying out the presented work, and at the same time for those that do know how to do this and 
just need the files, all but the respirometry protocols are unnecessary. 
 
In this revised version of the manuscript, we have significantly increased the details in Protocols 
1 (3D model design) and 2 (3D printing), and Figures 1 and 2, in order to provide the reader enough 
guidance in conducting the design and printing of a fly vial rack. We realize that, even after these 
changes, the protocols might still be challenging for first time users, so we have included a sentence 
in the beginning of the Protocols and of the Results sections emphasizing that the 3D printing 
beginners should get acquainted with the different software and their help centers to ensure proper 
results. We are also counting on the video to provide the reader a more complete guide to the 
procedures.  
 
 
R1.2: Making the files available on a common site like Thingiverse would handle the latter, and a 
lot more would be needed to support the former. That said, if this allows researchers that would 
otherwise not be thinking of this route to find out about this (and that's not something I convinced 
will happen), its great. I just wonder if a whole JOVE video is warranted without more basic "how-



to" and explanations of terms etc...(e.g. infill, supports, slicing etc...). Maybe that would be in the 
final video, it's hard for me to tell. 
 
Please, see response to comment R1.1 above. In addition, we do agree with the reviewer that 
making our STL files available via Thingiverse would ultimately provide what more advanced 3D 
printing Drosophilist users need. However, we believe that there is no better way to disseminate 
scientific content than by providing our files via a thoroughly peer-reviewed scientific publication. 
Although not infallible, good peer review is the gold standard of science, so we believe the 
researcher audience we are aiming at will be more trustful if our files are available through the 
JoVE website. 
 
 
R1.3) I still do not see where the authors come to the conclusion that its this misunderstanding 
that is holding back drosophila research. It may be, but it seems like its an unsubstatiated guess. 
I would at least like to see them base it on pers. comm, or other first hand experience if they cannot 
point to studies or other empirical data. 
 
The reviewer is right that this is pure speculation. To the best of our knowledge, there are no hard 
data on the matter, but we are planning on conducting an investigation in the future to provide 
reliable numbers to substantiate our statements. Meanwhile, for the purpose of this manuscript, we 
rewrote the referred passage of the text to clarify that this is indeed a speculation and that the issue 
of Drosophila research in Brazil being held back might also be due to the high costs of importing 
equipment, which is inherent to any scientific research area in the country. To circumvent the high 
costs and need for imports, we offer 3D printing protocols for new and established Drosophila 
researchers. 
 
 
R1.4) What GMO are they referring to that would be a replacement for Dros.? Seems like a 
strawman and unnecessary. 
 
We apologize for the confusion. Working with GMOs in Brazil requires authorizations, which can 
take time to be granted due to bureaucracy (please, see details in the response to comment R1.6), 
and is therefore a negative aspect of the work, considering that basically all work with Drosophila 
models of human biology/disease involve the use of transgenic lines. We have now clarified our 
statement in the manuscript. 
 
 
R1.5) Could the authors approximate the cost of non-printed equipment to give the reader a feel 
for the limitation level? Is access to the 3D printing tech cheaper and easier to get (i.e. not 
imported etc…) 
 
This is a matter of demand and supply. Even though a personal 3D printer is also an imported piece 
of equipment, it can be purchased in any tech website for anyone in the country to use in a variety 
of domestic needs (our latest acquisition costed ~R$1,900.00 – i.e., ~US$380.00), whereas 
specialized fly apparatuses are only needed by few lab researchers, aiming at conducting 
behavioral or other analyses. How reduced the costs of printing and assembling homemade lab 



equipment are is classically represented by the FlyPi, which can be built for less than €100.00 and 
serves as a light and fluorescence microscope able to use opto- and thermogenetic stimulation of 
the genetically tractable zebrafish, Drosophila and nematodes. We have recently received a quote 
of a basic Zeiss fluorescence microscope for the price of €41,449.11, an amount of money 
sufficient to pay the salary of two PhD students (or one post-doc) for 4 years. We provide the quote 
attached to this rebuttal letter and apologize it is only in Portuguese. However, the equipment 
specifications are easily translatable even without basic knowledge of the language, and the price 
is clearly shown. To illustrate to the reader of our manuscript how cheap printed equipment can 
be, we have now included the example of the FlyPi in the introduction. 
 
 
R1.6) Out of curiosity, since you are using a transgene for the OXPHOS work, does that need 
permission, or is any fly work is exempt? (since you bring it up earlier). 
 
According to the Brazilian law, all work with GMOs must be authorized by an expert committee, 
after an evaluation that will determine environmental, animal and human health safety. In the case 
of GM Drosophila, the Local Biosafety Committee of each institution can provide such 
authorization, given that the National Technical Committee on Biosafety has previously approved 
the use of particular lab spaces for activities with GMOs. Work with non-GM flies does not require 
a biosafety authorization. We have now included our authorization numbers in the 
Acknowledgements section. 
 
 
R1.7) Line 162: worth noting that access is free with a simple registration 
 
The information has been included. 
 
 
R1.8) Line 167-: if you are going to go into this amount of detail, do you need to provide info on 
how to move, align the boxes? i.e., click and drag, and setting the movement scale (i.e. to mm or 
0.1mm etc…)? 
 
As part of the response to the reviewer´s comment R1.1 (see above), we have included more 
procedural details in Protocol 1, especially in the new steps 1.6 and 1.7, which should also address 
this comment sufficiently. 
 
 
R1.9) If this is really to be an intro to 3D printing, which it appears to be (for people that have 
done this before) an explanation of what infill or supports are and when they are necessary or not 
seems to be in order. The use of 100% infill seems unnecessary, just adding to time, materials used 
and chances of things going wrong. If this is needed, please explain why. 
 
We thank the reviewer for pointing out our mistake. We corrected the manuscript to say “20% 
infill”, as this is standard for our 3D printed pieces. We have also included explanations about 
infill, supports and other printing parameters in the Discussion section and in the legend to Figure 
2. 



 
 
R1.10) Line 255-270 I do not think the way "modular" is being used is correct. 
 
We have excluded this term from steps 3.4 and 3.5 of Protocol 3. 
 
 
R1.11) Line 460: I think this is sort of an overstatement in terms of what this manuscript provides. 
 
Although we have improved Protocols 1 and 2 substantially, we have also rewritten the beginning 
of the Results section, the Abstract, the Summary and the Introduction to ensure this comment of 
the reviewer is properly addressed, and that we are not giving the reader the false impression that 
we are providing solutions for all lab problems with our protocols. 
 
 
 
Reviewer #2:  
Manuscript Summary: 
The manuscript aims to describe simple and affordable protocols for rearing and behavioral 
studies in Drosophila melanogaster. Secondly, this manuscript describes methods for measuring 
mitochondrial respiration in Drosophila larvae. Mutant Drosophila strains are used to assess the 
role of mitochondrial alternative oxidase on larval locomotion and mitochondrial respiration. 
Overall, this manuscript is well written and very thorough. 
 
The AOX portion of this manuscript is very interesting. I look forward to seeing this work continue 
in the future. 
 
We truly appreciate the positive comments, and can assure more interesting work using AOX-
expressing flies will be available in the near future. 
 
 
R2.1) There are some grammatical and type-editing that needs to be done. 
 
We ourselves have revised the manuscript thoroughly for these errors, and the manuscript has gone 
through professional scientific English revision, so we hope everything is fixed now. 
 
 
 
Reviewer #3: 
Manuscript Summary: 
The authors described in detail the methods of 3D-printing various instruments used in fly 
behavior experiments and the method of measuring oxygen consumption in the mitochondria of 
fruit fly larvae. The article describes step-by-step steps how to use 3D model design software to 
design models, 3D-printing, at the same time, considering that it is very time-consuming for 
beginners to use 3D modeling software to design models from beginning, the authors generously 
provided readers with several designed models files they created for downloading. 



The method described in this article is not only suitable for developing countries where materials 
are relatively scarce, even the simplest experimental instruments (such as funnels) need to be 
imported, but also suitable for developing countries or developed countries with relatively better 
economic conditions and relatively abundant resources, as even in these countries, not all research 
groups have sufficient funds to afford expensive instruments. In addition, the instruments provided 
by biotechnology companies are not always suitable for the needs of researchers. Researchers 
sometimes need to improve existing experimental instruments or design and manufacture 
instruments suitable for their own experiments. The 3D printing described in the article is a better 
choice. 
 
We are glad to hear the reviewer foresee our protocols being useful in labs in developing and 
developed countries alike. 
 
 
R3.1) It is advisable to use the symbol Φ to indicate the diameter, such as line 294, "90 X 15 mm 
Petri dishes". Although there are such expressions in the literature, I think it is more reasonable 
to use Φ90 X 15 mm. 
 
We have included the symbol Φ in every instance needed to indicate diameter measurements. 
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Proposta
Proposta Nº: 7760692220

10892Cliente Nº:

Na qualidade de representante exclusivo no Brasil, da empresa Carl Zeiss Alemanha, temos o prazer de oferecer:

Item Descrição do Produto Quant.

10 Microscopio Axioscope 5/7 KMAT

Consisting of the following items:

1 PC

20 Microscope stand Axioscope 5, TL/FL, 1 PC

30 Tubo trinocular com saida para camera 1 PC

40 Ocular PL 10x/23 Br. foc. 2 PC

50 Protetor para ocular 2 PC

60 Suporte para protecao ocular 1 PC

70 Luneta para alinhamento de aneis de fase 1 PC

80 Sistema de iluminacao Colibri 3, UV / B 1 PC

90 Platina Mecanica 75X50 R 1 PC

100 Suporte para Lamina 76X26 Mm 1 PC

110 Suporte para Platina D/A 1 PC

120 Slider de bloqueio  A 14x40 mm 1 PC

130 Filtro de balanco de branco , d=32x1.5 1 PC

140 Filtro verde para banda de inerferencia 1 PC

150 Filtro Azul D= 32X2 mm 1 PC
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160 Filtro conversor 5700-3200 K, d=32 mm 1 PC

170 Jogo de filtro 50  incluso modulo 1 PC

180 Jogo de filtro 38 HE  incluso modulo 1 PC

190 Jogo de filtro 43 HE  incluso modulo 1 PC

200 Jogo de filtro 96 HE  incluso modulo 1 PC

210 Reflector Turret 6x cod 1 PC

220 Suporte para Condensador c/Aju 1 PC

230 Condensador 0.9/1.25 H 
para objetivas de

1 PC

240 Disco Modulador H, D 0.65, Contraste de 1 PC

250 Polarizacao - Polarizador D, 90# 1 PC

260 Modulo Analizador Pol  Acr P&C 1 PC

270 Objetiva N-Achroplan 5x/0.15 Ph1 1 PC

280 Objetiva N-Achroplan 10x/0.25 Ph1 1 PC

290 Objetiva N-Achroplan 20x/0.45 Ph2 1 PC

300 Objetiva N-Achroplan 63x/0.85 Ph3 1 PC

310 Objetiva EC Plan-Neofluar 40x/0.75 Ph2 1 PC

320 Objetiva EC Plan-Neofluar 100x/1.30 Oil 1 PC

330 Axiocam 705 mono 1 PC

340 Adaptador de camera 60N-C 1" 1.0x 1 PC

350 Adaptador duplo 60N - 2x 60N 1 PC

360 Espelho com divisor  100% 1 PC

370 SWR ZEN 3.3 pro DVD 1 PC

380 Conector de WiFi USB para ZEN 1 PC

390 Software DVD90 ZEN CORE 3.2 1 PC

400 Software DVD89 ZEN3.3 BLUE 1 PC

410 Adesivo fluorescente 1 PC

420 Adesivos para Axioimager 1 PC

430 Cover glassess 1,5 H, high-performance, 3 PC

440 oleo Imersao Immersol 518 FL 20ml 1 PC

450 Safety data sheet 40-809 F 1 PC

460 Caixa p/ 6 Pc Modulo Refletor 1 PC

470 Cabo BR/3-H05VV-F3G1.00-C13/2.5 bk 1 PC

480 Adaptador de camera 60N-C 2/3" 0.5x 1 PC

490 Axiocam 208 color 1 PC
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Subtotal 41.449,11 EUR

TOTAL 41.449,11 EUR

De acordo com os regulamentos de controle de exportação aplicáveis, incluindo as disposições do direito europeu e dos Estados 
Unidos da América em matéria de controle de exportação, esta cotação só entrará em vigor no caso de um embargo, se esse 
embargo for removido, ou, caso uma venda esteja sujeita a uma licença, só será efetiva se forem concedidas todas as licenças 
oficiais necessárias. Se o acordo não entrar em vigor com base nos regulamentos de controle de exportação aplicáveis, deve-se 
excluir qualquer reclamação contra a nossa parte, especialmente reclamações por danos.
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Informações complementares:  
Classificação fiscal sugerida (NCM - microscópio): 9011.80.20 
Classificação fiscal sugerida (NCM - câmera): 8525.80.29 
  
Aeroporto de Embarque: Frankfurt - Alemanha 
Aeroporto de Embarque: Shanghai Pudong Airport (apagar caso o equipamento não venha da China) 
  
Embalagem: Caixa de isopor revestida de papelão 
“Frete Aéreo a pagar no destino (Collect) – Por Carga Aérea – Aeroporto de Guarulhos – São Paulo 
  
  
CONDIÇÕES COMERCIAIS:  
  
Validade da proposta: 60 (sessenta) dias a partir da data de emissão. 
  
Prazo de fabricação: 150 (cento e cinquenta) dias a partir do recebimento do pedido oficial. 
(Material embalado e disponibilizado para coleta na fábrica ou envio ao agente embarcador de acordo com o incoterm 
negociado). 
  
Pagamento: CAD 21 dias 
  
  
Dados do Fabricante:  
Carl Zeiss (Suzhou) Ltd., Co. 
Modern Industrial Square 3-B-2 
No. 333, Xing Pu Road 
ZIP CODE: 215126 
Suzhou City, SIP - Jiangsu Province 
  
Dados do Exportador:  
  
CARL ZEISS MICROSCOPY GMBH 
Promenade 10 
D-07745 - Jena - Germany 
  
  
Dados bancários do exportador:  
Deutsche Bank AG 
SWIFT/BIC: DEUTDE8EXXX 
Account/IBAN: DE37 8207 0000 0620 0000 00 
  
  
Quaisquer despesas bancárias legais ou de outra forma decorrentes do fornecimento e da transferência do respectivo pagamento 
são de responsabilidade do cliente. 
  
A Carl Zeiss do Brasil Ltda, inscrita no CNPJ N.º 33.131.079/0001-49,estabelecida na Avenida das Nações Unidas, 12.495 - 
9ºandar - Cidade Monções - 04578-000 - São Paulo / SP, é representante exclusiva da Carl Zeiss Alemanha para todo o Brasil, 
fazendo jus a comissão de 15% sobre o valor total da proforma. Informamos que esta comissão não deverá ser retida no Brasil e 
que o cliente deverá remeter ao exterior o valor 
total da proforma. 
  
GARANTIA:  
  
De 12 (doze) meses a contar da instalação ou 15 meses a contar da liberação para o embarque, o que ocorrer primeiro contra 
defeitos de fabricação, excetuando-se artigos considerados de consumo. 
Após o período de garantia, será oferecido um Contrato de Manutenção a ser executado pelo Departamento de Assistência 
Técnica da Carl Zeiss do Brasil, por técnicos especializados em todos os equipamentos ofertados. 
  
  
INSTALAÇÃO:  
  
A embalagem do produto apenas poderá ser aberta na presença de um profissional da Carl Zeiss do Brasil Ltda. 
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Após a entrega do equipamento, o cliente deverá entrar em contato com a Carl Zeiss do Brasil através do e-mail: 
relacionamento@zeiss.com para agendamento da instalação e/ou treinamento. 
  
Os preços aqui consignados são os correntes no mercado de exportação para qualquer país. Não são publicadas listas de preços. 
  
  
AS IMAGENS IMPRESSAS NA PROPOSTA SÃO MERAMENTE ILUSTRATIVAS E PODEM SER DIFERENTES DOS PRODUTOS ORIGINAIS.
  
  
  
Atenciosamente, 
CARL ZEISS DO BRASIL LTDA.  
  
João Victor Alves Loiola 
Departamento Comercial 
Divisão de Microscopia 
NEOMED do Brasil 
Estrada CIA Aeroporto, KM 12, Centro Emp. Aeroporto 
Galpão 07 
São Cristóvão - Salvador - BA 
Tel./Phone.: + 55-71 - 2137-7093 
Cel./Mobile.: + 55-71- 9 9199-5310 
SAC: 0800 770 5556 
joao.loiola@neomeddobrasil.com.br 
www.neomeddobrasil.com.br 
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