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SHORT ABSTRACT: 20 
Spontaneously contracting syncytia of cardiomyocytes derived from human-induced 21 
pluripotent stem cells are useful models of human cardiac physiology and pharmacology. 22 
Here we present a high-throughput screening system to quantify the effects of exogenous 23 
compounds on beating frequency, using a Ca-sensitive fluorescent dye and a temperature-24 
controlled imaging multi-well plate reader.  25 
 26 
LONG ABSTRACT: 27 
Spontaneously contracting syncytia of cardiomyocytes derived from human-induced 28 
pluripotent stem cells (hiPSC-CM) are a useful model of human cardiac physiology and 29 
pharmacology. Various methods have been proposed to record this spontaneous activity and 30 
to evaluate drug effects, but many of these methods suffer from limited throughput and/or 31 
physiological relevance. We developed a high-throughput screening system to quantify the 32 
effects of exogenous compounds on hiPSC-CM’s beating frequency, using a Ca-sensitive 33 
fluorescent dye and a temperature-controlled imaging multi-well plate reader. We describe 34 
how to prepare the cell plates and the compound plates and how to run the automated assay 35 
to achieve high sensitivity and reproducibility. We also describe how to transform and analyze 36 
the fluorescence data to provide reliable measures of drug effects on spontaneous rhythm. 37 
This assay can be used in drug discovery programs to guide chemical optimization away from, 38 
or toward, compounds affecting human cardiac function. 39 
 40 
INTRODUCTION: 41 
The present protocol depicts a method to measure drug effects on the spontaneous beating 42 
frequency of syncytia of hiPSC-CM at physiologically relevant rhythms. Human-induced 43 
pluripotent stem cells can differentiate into functional cardiomyocytes that establish 44 
spontaneously beating syncytia in vitro1-4. These hiPSC-CM can be obtained in large numbers 45 
through commercial providers or through production in the laboratory, and they are a useful 46 
source of cells to generate models of human cardiac physiology and pharmacology. In 47 
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particular, they can be used to predict or to characterize cardiac effects that may occur when 48 
a drug is administered to humans5. 49 
 50 
The beating frequency of hiPSC-CM syncytia can be measured under physiological conditions 51 
using microelectrode arrays or impedance sensing1: these noninvasive techniques provide 52 
very detailed information on drug effects, but they are rather low-throughput and they do 53 
not enable testing large compound libraries within realistic time and budget constraints. A 54 
more effective system can be elaborated using a 384-well fluorescence imaging plate reader 55 
and a Ca-sensitive dye6, but classical plate readers are hindered by suboptimal temperature 56 
control and acquisition frequency. These limitations are illustrated by unphysiological beating 57 
rates (~15 bpm, compared to 35 - 55 bpm in controlled environments1) and poor Ca signal 58 
resolution (an acquisition frequency of 8 Hz is at the lower limit to record rates that can reach 59 
120 bpm under stimulated conditions, and it cannot extract information such as slope or 60 
duration). The method described here combines the recording of beating patterns at 61 
physiological rhythms and at sufficient resolution to preclude these concerns. 62 
 63 
On the positive side, this method is simple, reliable, and high throughput, which allows the 64 
rapid testing of large numbers of compounds at reasonable costs. On the negative side, this 65 
method requires a fast plate reader with effective temperature control, which is an expensive 66 
investment, and it provides little mechanistic information on observed drug effects, which 67 
may necessitate further testing with more detailed methods.  68 
 69 
Approximatively 6 x 106 hiPSC-CM are needed for one measurement in one 384-well cell plate. 70 
hiPSC-CM are usually supplied commercially as frozen aliquots of ~4 x 106 cells in 1 mL. 71 
Therefore, it is convenient to prepare two cell plates with three frozen aliquots. In most cases, 72 
due to the low variability of this assay, it is sufficient to perform duplicate measurements of 73 
the test compounds and, in each cell plate, quadruplicate measurements of the positive 74 
controls (forskolin, N6-cyclopentyl-adenosine, and E-4031), and 20-plicate measurements of 75 
the negative control (DMSO alone). Therefore, a maximum of 352 compound/concentration 76 
pairs can be evaluated with two 384-well cell plates. The following protocol considers such an 77 
experiment performed with 352 test compounds, two cell plates, and 12 million cells supplied 78 
as three frozen aliquots; it can be easily scaled-up if additional data points are needed.  79 
 80 
PROTOCOL: 81 
 82 
1. Preparation of Cell Plates  83 
 84 
Note: Prepare the cell plates 3 - 4 weeks before the measurement of drug effects. 85 
 86 
1.1. Day 0 of the experiment 87 
 88 
Note: For planning purposes, the test compound application can be performed on any day 89 
between days 22 - 28 of the experiment.  90 
 91 

1.1.1. Turn on the water bath at 37 °C and warm 40 mL of plating medium (as supplied by the 92 
manufacturer). 93 



 

 94 
Note: Use the cells with their supplier-provided matching culture and maintenance media.  95 
 96 
1.1.2. Thaw the hiPSC-CM by placing the cryotubes containing frozen cells in the water bath 97 
for 2 min. 98 
 99 
1.1.3. Transfer the 1-mL cell suspensions carefully to a 50-mL conical tube. 100 
 101 
1.1.4. Wash each cryotube with 1 mL of warm plating medium to retrieve the leftover cells 102 
and add the wash media to the same conical tube from step 1.1.3 containing cells. 103 
 104 
1.1.5. Mix carefully another 8 mL of warm plating medium into the cell suspension. 105 
 106 
1.1.6. Count live cells using the trypan blue exclusion method and a hematocytometer8.  107 
 108 
Note: The requirement of 6 x 106 cells for one 384-well cell plate considers the possibility of 109 
up to 20% dead cells among the frozen cells, which is a maximum in our experience.  110 
 111 
1.1.7. Adjust the cell suspension to 5 x 105 live cells/mL with the warm plating medium. 112 
 113 
1.1.8. Distribute the cell suspension into two 384-well cell plates by adding 25 µL to each well 114 
(about 12,500 cells per well).  115 
 116 
Note: The cell plates do not need to be precoated with any matrix (see Discussion). 117 
 118 
1.1.9. Maintain the cell plates at 37 °C in a humidified atmosphere containing 5% CO2. 119 
 120 
1.2. Day 1 of the experiment 121 
 122 
1.2.1. Turn on the water bath at 37 °C and warm 50 mL of maintenance medium 123 
supplemented with 1% v/v penicillin-streptomycin solution. 124 
 125 
1.2.2. Replace the plating medium with 50 µL of warm maintenance medium in each well of 126 
the cell plates. 127 
 128 
1.3. Days 2 - 21 (up to day 27) of the experiment 129 
 130 
Note: The hiPSC-CMs do not need any passaging over this period, as they are non-dividing 131 
cells. 132 
 133 
1.3.1. Renew half of the maintenance medium every 2 - 3 d and renew it entirely on days 7, 134 
14, and 21.  135 
 136 
Note: The fluorescence measurement can be performed between days 22 and 28 of the 137 
experiment. Longer durations have not been tried but may still be fine. 138 
 139 
2. Preparation of Instrument, Compound Plates, and Assay Plates  140 



 

 141 
Note: Prepare the instrument, compound plates, and assay plates on the day of the 142 
measurement of drug effects, between days 22 and 28 of the experiment. Use a fluorescent 143 
plate reader equipped with temperature control and an appropriate fluorescence filter kit 144 
and excitation light source. For example, use a Fluo-3/Fluo-4/Fluo-8 fluorescence filter kit 145 
(excitation: 472 nm; emission: 520 - 560 nm) and a 150-W excitation light source unit.  146 
 147 
2.1. At least 2 h before the first cell plate is to be placed inside the plate reader for the 148 
measurement, turn on the reader and set the heating system at 37 °C.  149 
 150 
Note: This can also be done the evening before. 151 
 152 
2.2. Prepare the positive controls, forskolin, N6-cyclopentyl-adenosine, and E-4031 as stock 153 
solutions of 0.33 mM in DMSO, 10 mM in DMSO, and 3.33 mM in H2O, respectively. 154 
 155 
Note: Stock solutions will be diluted 333-fold by the time they are added to the cells, and the 156 
aim is to achieve final test concentrations of 1 µM forskolin, 30 µM N6-cyclopentyl-adenosine, 157 
and 10 µM E-4031, which produce reliable and reproducible effects. 158 
 159 
2.3. Prepare the 352 test compounds as DMSO stock solutions at 333-fold the planned test 160 
concentrations (e.g., 10 mM for a test at 30 µM). 161 
 162 
Note: The aim is to achieve a final concentration of 0.3% (v/v) DMSO in the cell plate after the 163 
compound application; this is the highest DMSO concentration that does not affect the 164 
rhythmic activity of the cardiomyocytes. The stock solutions can also be prepared the day 165 
before. A minimum of 5 µL of stock solution is required for each duplicate measurement. 166 
 167 
2.4. Prepare the compound plates. 168 
 169 
2.4.1. Warm 40 mL of maintenance medium supplemented with 1% v/v penicillin-170 
streptomycin solution to room temperature. 171 
 172 
2.4.2. Distribute into two 384-well compound plates by adding 1.5 µL of stock solution per 173 
well: i) the test compounds (two wells each per compound plate), ii) the positive controls 174 
(forskolin, N6-cyclopentyl- adenosine, and E-4031, four wells each per compound plate), and 175 
iii) the negative control (DMSO, 20 wells per compound plate). 176 
 177 
2.4.3. Centrifuge the compound plates at 100 x g for 1 min. 178 
 179 
2.4.4. Add 37 µL of maintenance medium at room temperature to each well (3.9% DMSO in 180 
38.5 µL at that stage). 181 
 182 
2.4.5. Centrifuge the compound plates at 100 x g for 1 min. 183 
 184 
2.4.6. Load the compound plates into the plate reader. 185 
 186 



 

Note: The next steps should be performed as soon as possible to minimize evaporation in the 187 
compound plates. 188 
 189 
2.5. Prepare the fluorescent dye. 190 
 191 
2.5.1. Turn on the water bath at 37 °C and warm 100 mL of maintenance medium 192 
supplemented with 1% v/v penicillin-streptomycin solution. 193 
 194 
2.5.2. Reconstitute the Ca-sensitive fluorescent dye and quencher with 10 mL of warm 195 
maintenance medium with antibiotics.  196 
 197 
Note: This stock fluorescence medium contains the Ca-sensitive fluorescent dye, usually Fluo-198 
4, and a quencher, and any leftover can be stored at 4 °C for at least 5 d. 199 
 200 
3. Data Acquisition  201 
 202 
Note: Perform the data acquisition on the day of the measurement of drug effects. Perform 203 
steps 3.1 - 3.8 entirely for the first cell plate, then repeat them for the second cell plate.  204 
 205 
3.1. For one cell plate, dilute 3 mL of stock fluorescence medium into 12 mL of warm 206 
maintenance medium with antibiotics to make the fluorescence medium. 207 
 208 
3.2. Replace 20 µL of medium in each well of the cell plate with 30 µL of fluorescence 209 
medium. 210 
 211 
3.3. Pipette up and down 1x to mix. 212 
 213 
3.4. Place the cell plate into the plate reader as quickly as possible to let the hiPSC-CM 214 
acclimatize to the temperature. 215 
 216 

3.5. Wait for 60 min before starting the data acquisition. 217 
 218 
3.6. Start the data acquisition in the plate reader software to record a 2-min segment of Ca 219 
waves with an acquisition frequency of at least 10 Hz, to define the baseline beating rate for 220 
each well. 221 
 222 
Note: For each recording sequence, make sure the cell plate is not transferred automatically 223 
out of the device after the data acquisition. This prevents the cell plate from cooling at room 224 
temperature. With some versions of plate reader software, it may be necessary to stop each 225 
recording before it ends completely to achieve this. 226 
 227 
3.7. Add the test and reference compounds with the plate reader robot by pipetting well-to-228 
well 5 µL from the compound plate into the cell plate (after addition, the DMSO 229 
concentration is 0.3% [v/v]). 230 
 231 



 

3.8. Start the data acquisition in the plate reader software to record 2-min segments of Ca 232 
waves starting about 5, 15, 30, 45, and 60 min after the compound addition (make sure each 233 
time that the cell plate stays in the device). 234 
 235 
4. Data Analysis  236 
 237 
Note: The data analysis can be performed any time after the measurement. 238 
 239 
4.1. Export the raw data for each recording period from the plate reader software as ASCII 240 
text files. 241 
 242 
4.2. Import the raw data into the data analysis software. 243 
 244 
4.3. For each well and all time points, extract the primary beating frequency. 245 
 246 
Note: With the data analysis software listed in the Table of Materials and Reagents, beating 247 
frequencies can be calculated with a custom analysis routine using the LombPeriodogram 248 
function, based on the Lomb–Scargle method of least-squares spectral analysis7. The 249 
periodogram should be calculated for a range of frequencies between 0.01 and 5 Hz. The 250 
primary frequency can be extracted from the periodogram using the PeakAutoFind routines. 251 
This analysis method provides more accurate measurements of beating frequencies than the 252 
method supplied as an option with the plate reader software. However, the latter can still be 253 
used if software customization is not an option. 254 
 255 
4.4. Export the primary beating frequencies for each recording period from the data analysis 256 
software as clipboard copies or as ASCII text files. 257 
 258 
4.5. Import the primary beating frequencies into a spreadsheet software by clipboard 259 
pasting or text file import. 260 
 261 
Note: Steps 4.5 - 4.9 can be performed in any modern spreadsheet software. 262 
 263 
4.6. For each well, normalize to baseline the beating frequency at each time point after the 264 
drug application (5, 15, 30, 45, and 60 min) by dividing the primary beating frequency at that 265 
time point by the primary beating frequency at baseline. 266 
 267 
4.7. Calculate the mean DMSO effect at each time point after the drug application (5, 15, 30, 268 
45, and 60 min) by averaging the normalized values for the 20 wells where DMSO was applied. 269 
 270 
4.8. For each well and each time point after the drug application (5, 15, 30, 45, and 60 min), 271 
subtract the mean DMSO effect (time-matched) for the same plate. 272 
 273 
4.9. Average the duplicate measurements. 274 
 275 
Note: If a compound changes frequency or the software cannot find a primary frequency after 276 
the compound addition, a visual examination of the beating pattern can evaluate whether 277 
the compound produced arrhythmias. 278 



 

 279 
REPRESENTATIVE RESULTS:  280 
Figure 1 shows a representative recording of Ca waves at baseline across one 384-well plate. 281 
In most cases, all wells reveal a regular beating rate with little variability across the plate 282 
(mean ± SD = 40.1 ± 3.5 bpm; range = 34 - 54 bpm). Very occasionally (less than 1 out of 10 283 
experiments), a few wells (less than 5) have arrhythmia or absence of rhythm. In three 384-284 
well plates, we have also tried cardiomyocytes from another supplier (see Table of Materials) 285 
and obtained very similar baseline values for the spontaneous beating. 286 
 287 
Blockers of cardiac ion channels affect the rhythm of the cardiomyocytes in a reproducible 288 
manner5. Amlodipine, a blocker of the slow Ca channels9, accelerates the rhythm more than 289 
100% in a concentration-dependent manner up to 1 µM (Figure 2A). The effect is well 290 
developed within the first 5 min, but it still increases approximatively 50% within the next 30 291 
min before it stabilizes. Above 1 µM, amlodipine arrests the beating (dashed lines), as can be 292 
expected from the fact that Ca cycling is critical to the spontaneous contractions. Other 293 
selective dihydropyridine Ca channel blockers produce very similar effects. 294 
 295 
E-4031, a blocker of the rapid delayed rectifier K channels10, decelerates the rhythm about 296 
65% - 70% in a concentration-dependent manner up to 10 µM (Figure 2B). The effect develops 297 
within the first 5 min and it does not vary within the next 60 min. Other selective IKr blockers 298 
produce similar effects, although the maximal reduction in rate can vary (e.g., 35% - 40% for 299 
cisapride, 70% for E-4031, and 90% - 95% for dofetilide). The basis for this disparity is not 300 
known. 301 
 302 
Tetrodotoxin, a blocker of the fast Na channels11, decelerates the rhythm about 15% in a 303 
concentration-dependent manner, up to 1 - 30 µM (Figure 2C). The effect is well developed 304 
within the first 5 min and it does not vary much within the next 60 min. However, above 30 305 
µM, tetrodotoxin arrests the beating within the first 5 min, whereas after 30 min, it arrests it 306 
above 1 µM. Other Na channel blockers, such as lidocaine or mexiletine, produce similar all-307 
or-nothing effects. 308 
 309 
Bepridil, a mixed blocker of cardiac Na, Ca, and K channels9, also produces an all-or-nothing 310 
effect (Figure 2D). This suggests that in this preparation, a block of Na channels is the primary 311 
action of bepridil. An acceleration due to Ca channel block is not seen, and the more 312 
progressive slowing due to IKr block appears masked by the Na channel effect. 313 
 314 
FIGURES AND TABLE LEGENDS:  315 
 316 
Figure 1: Representative baseline Ca waves across a 384-well plate. (A) All wells across the 317 
plate demonstrate a regular beating rate with little variability. This image is captured directly 318 
from the plate reader software. Each trace is 10 s in duration. The fluorescence intensity is 319 
arbitrary (relative light units derived from the video camera greyscale). (B) This blow-up of 320 
one 10-s trace shows the low noise of the signal. 321 
 322 



 

Figure 2: Representative effects of cardiac ion channel blockers. These panels show 323 
concentration-response curves with (A) the selective Ca channel blocker amlodipine, (B) the 324 
selective IKr blocker E-4031, (C) the selective Na channel blocker TTX, and (D) the non-325 
selective channel blocker bepridil. 326 
 327 
DISCUSSION: 328 
Two aspects are most critical for the successful recording of beating frequencies. The first is 329 
to exercise caution with cell plating and culture. In particular, it is important to try and avoid 330 
scratching the cell layer at the bottom of the wells when exchanging the medium. It is 331 
acceptable to touch the bottom of the wells with the pipettes, but the same angle should be 332 
used every time, thereby producing only a tiny scratch in the cell layer and not affecting the 333 
assay performance. The second critical aspect of obtaining reproducible homogeneous 334 
rhythms is to provide good temperature control at 37 °C across the cell plate for the duration 335 
of the measurement. We could not obtain this homogeneity using devices other than the 336 
plate reader used here, but it may be feasible with special modifications to the temperature 337 
regulation: it would make the protocol presented here more broadly usable beyond a single 338 
brand of plate reader. To achieve temperature stability for the duration of the experiment 339 
with the device used here, it was necessary to stop each recording before it ended; otherwise, 340 
the robot would eject the measured cell plate. This technical issue may disappear with the 341 
next release of the plate reader software, but it remains critical for now. If a cell plate is 342 
mistakenly transferred outside the plate reader, it must be loaded back inside as fast as 343 
possible. Nevertheless, the quality of the experiment will deteriorate, because temperature 344 
changes affect the beating rate extremely rapidly.  345 
 346 
Some other aspects, which have not been tested thoroughly, may be less important. For 347 
example, hiPSC-CM manufacturers recommend coating cell-culture plates before seeding the 348 
cells, but in this specific assay, coating was not used, because the cells adhere quite easily on 349 
various surfaces, and it is very difficult to properly coat 384-well plates. Yet, cell plate coating 350 
may still be allowable, or it may even improve the assay quality. We also never tested whether 351 
solvents other than DMSO would be acceptable, but it is expected from experience with other 352 
recording technologies that similar concentrations of EtOH or MeOH would also be tolerable. 353 
We generally use hiPSC-CMs from the same manufacturer, and cells from only one additional 354 
supplier were tested, which appeared to work in a similar manner. Similarly, we have used 355 
only a small number of different batches of hiPSC-CMs that were selected by prechecking 356 
them to verify that they behaved similarly to the initial batch. One or two batches were 357 
deemed inappropriate because their syncytia had poor stability or reproducibility under the 358 
culture conditions used here. Otherwise, the pharmacology appeared very similar across 359 
batches when testing a limited panel of “typical” compounds (forskolin, N6-cyclopentyl- 360 
adenosine, and E-4031, as well as endothelin, isoproterenol, amlodipine, and ponesimod). 361 
We only used hiPSC-CM derived from healthy donors. It may be worthwhile to assess whether 362 
hiPSC-CM derived from patients with heart disease would provide different results, although 363 
no difference between healthy donors and patients was observed when evaluating the 364 
cardiotoxicity of tyrosine kinase inhibitors12. Finally, we normally wait 22 - 28 days in culture 365 
before measuring drug effects: in our experience with impedance recordings of the same 366 
cells, a steady-state for slow impedance (an indicator of cell layer stability) and fast 367 
impedance (an indicator of beating frequency) is reached after 12 - 15 days in culture. 368 
However, we decided to wait 22-28 days, because this is the time when the expression profile 369 



 

of cardiac channels and maturation markers has stabilized13. It was not examined whether 370 
similar results would be obtained if the cells were used earlier or later. 371 
 372 
The protocol described here uses a very straightforward measurement of the spontaneous 373 
beating rate of hiPSC-CM to evaluate potential drug effects on human cardiac 374 
electrophysiology. Its main advantages over other methodologies are that i) it is amenable to 375 
a high-throughput screening environment, ii) it records the activity of the cardiomyocytes and 376 
the effects of drugs at physiological temperatures, and iii) it does not require 377 
electrophysiological expertise for the execution or for an assessment of results. 378 
 379 
In a validation study performed with many drugs approved for human use, we showed that 380 
the assay reacts to drugs used in human medicine as predicted by existing clinical data5. 381 
Because this method considers all potential effects on cardiac rhythm, it complements the 382 
Comprehensive in vitro Proarrhythmic assay (CiPA) initiative14 that specifically assesses pro-383 
arrhythmic potential. 384 
 385 
In the future, this method could provide a further understanding of the mode-of-action of 386 
drugs shown to affect the spontaneous beating rate. It is likely that additional mechanistic 387 
information is present in the fluorescence recordings of Ca transients (e.g., in their amplitude 388 
or shape). If the fluorescence recordings are performed at higher acquisition rates (e.g., 30 389 
Hz), these parameters are easily extracted in addition to beating rate, and it may be 390 
interesting to correlate changes in these parameters with the known effects of clinically used 391 
drugs. 392 
 393 
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Name of Material/ Equipment Company Catalog Number

FDSS7000 fluorescent plate reader Hamamatsu Photonics

(Massy, France)

not a catalog item

FDSS7000 Fluo-3/Fluo-4/Fluo-8 

fluorescence filter kit

Hamamatsu Photonics

(Massy, France)
FDSS7000 temperature control Hamamatsu Photonics

(Massy, France)

A10118-09

FDSS7000 150-W Excitation Light 

Source Unit

Hamamatsu Photonics

(Massy, France)

C11653-11

FDSS7000 pipet tips for 384-well 

plates

Hamamatsu Photonics

(Massy, France)

A8687-62

Waveform Analysis Software for 

Cardiomyocytes
Hamamatsu Photonics

(Massy, France)

U8524-12

Igor Pro data analysis software Wavemetrics

(Portland, Oregon, USA)

Latest version

iCell-Cardiomyocytes Kit Cellular Dynamics International 

(Madison, WI)

R1106

Cor.4U Cardiomyocyte Kit Ncardia Germany

(Cologne, Germany)

Ax-B-HC02-4M

384-well cell culture plates Greiner-Bio-One (Frickenhausen, 

Germany)

781091

384-well compound plates Greiner-Bio-One (Frickenhausen, 

Germany)

781280

FLIPR Calcium 4 Assay Kit Molecular Devices

(Sunnyvale, California)

R8142

Forskolin Sigma-Aldrich

(Buchs, Switzerland)

F6886

N6-cyclopentyl-adenosine Sigma-Aldrich

(Buchs, Switzerland)

C8031

E-4031 Enzo Life Sciences

(Lausen, Switzerland)

BML-KC158
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Penicillin-Streptomycin solution Gibco/ThermoFisher

(Reinach, Switzerland)

15140-122

Trypan Blue Solution, 0.4% Gibco/ThermoFisher

(Reinach, Switzerland)

15250061



Comments/Description

installed initially

in the device

optional alternative to the Igor Pro software

includes cells, plating and maintenance media

includes cells, plating and maintenance media

alternative to the iCell-Cardiomyocytes
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Editorial comments Authors' answers 

1. The editor has formatted the manuscript to match the journal's 
style. Please retain the same. 

ok 

2. Please address all specific comments marked in the manuscript. Done but: 
I could not rewrite the note after step 1.1.1 
because I do not understand what you are 
looking for. 

3. Please do not make a separate section on materials and 
equipment. Few parts can be added to the table of materials and 
few sentences can be added as a note under the relevant step. 
Some of it can be moved to the discussion. Please see step 1.1. for 
example. 

removed 

4. Please do not use commercial language in the manuscript. done 

5. Please ensure you answer the “how” question, i.e., how is the 
step performed? This means we need hard experimental steps, 
button clicks or Graphical user interface. 

Tried to but: 
We re not clear to which level of knowledge 
(or ignorance) of different techniques we 
are addressing ourselves. If we do not need 
to explain how to use a centrifuge, do we 
really need to explain how to use a device 
software. I would assume that any person 
capable of running a multi-well plate reader 
does not need to be told how to start data 
acquisition. In this case as well, by being 
too specific, one limits oneself to a specific 
piece of software. 

6. Once formatted, please highlight 2.75 pages or less of the 
Protocol (including headings and spacing) that identifies the 
essential steps of the protocol for the video, i.e., the steps that 
should be visualized to tell the most cohesive story of the Protocol. 
The highlighted steps should form a cohesive narrative with a 
logical flow from one highlighted step to the next. Remember that 
non-highlighted Protocol steps will remain in the manuscript, and 
therefore will still be available to the reader. 

 

Done but: 
How do you handle the "do not use 
commercial language" for the video. Are 
you planning to hide manufacturer's names 
as in commercial movies or TV shows? It 
may be hard to not show the plate reader 
device in the video? 

7. Please remember that calculation steps cannot be filmed. 
 

Ok but: 
To which level? Will you show a screen 
capture of a calculation in the spreadsheet 
software? Not even that? 

8. Please use paragraph style for the discussion section. 
 

done 

9. After all the changes are done, please proofread the manuscript 
carefully. 

done 
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