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Title: A chemical screening procedure for glucocorticoid signaling with a zebrafish larva luciferase reporter system



Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____N______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___N______
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__3.3, 3.4, 4.1, 5____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The procedure is an integrated multistep procedure, in which no single most difficult aspect can be singled out. Success is ensured by carefully following all protocol steps. 

1. Introduction (Schematic Overview and Interview)


0. Schematic Overview (read by voice talent at JoVE):
0.1. The overall goal of this procedure is to detect compounds in a chemical library that can activate the glucocorticoid signaling pathway in zebrafish larvae (Intro).

0.2. This method utilizes GRE:Luc transgenic zebrafish larvae, which carry a luciferase reporter under the control of a minimal TATA box promoter and four concatemerized glucocorticoid response elements.    (Intro- no plate).

0.3. To detect glucocorticoid signaling, the transgenic larvae are distributed into microtiter plates and incubated in luciferin-containing medium. (P2- show larvae going into wells of plate).

0.4. Next, pre-diluted chemical library compounds are added to the larvae plates. (P3) Compounds that activate the glucocorticoid signaling pathway trigger the transcription of luciferase, which catalyzes the oxidation of luciferin in a light producing reaction.  (P2-show reaction in bottom corner).

0.5. This light is monitored over the period of 2 days using a bioluminescence reader.  (P4).

0.6. Statistical analysis of the bioluminescence recordings obtained reveals which library compounds are able to activate the glucocorticoid signaling pathway in vivo. (P5).

[image: ]

1. Interview: (Said by you on camera. Don’t forget to smile!)  

0. Thomas Dickmeis: This method can help answer key questions in the drug discovery, such as which compounds are active only in an intact organism, for example due to metabolic modification? 

0. Meltem Weger: Though this method can provide insight into glucocorticoid signaling, it can also be applied to other signaling pathways for which a bioluminescent reporter readout can be generated. 

0. Benjamin Weger: Generally, individuals new to this method might struggle, because the handling of chemical library plates and the analysis of the bioluminescence data can be challenging. 

0. Thomas Dickmeis: Demonstrating the procedure for library distribution will be Nicole Jung and Simone Gräßle of the combinatorial chemistry platform ComPlat at KIT. 


Protocol (read by voice talent at JoVE):

1. Prepare working dilution of chemical library
0. Begin this procedure by aliquoting and diluting the compounds of the drug library that will be tested with a robotic liquid handling station.   
0. MED: Talent places disposable tips into their position on the robot

0. To do this, place the stock library plates into the appropriate position of the robot liquid handler.  Here, four aliquot plates will be prepared in parallel, allowing the testing of 320 compounds, however this can easily be adapted to any number of library plates.
1.  CU: Talent places stock library plates into position B7, B10, B13 and B16 of the robot and removes the seal

0. Next, place the 96-Round bottom, 0.8 mL deep well plates that will receive the aliquots into the appropriate positions of the robot.  A detailed guide for programming the liquid handling station is provided in Table 1 of the accompanying document.
2. MED:  Talent places the plates into position D7, D10, D13, and D16 of the robotic liquid handling station

0. (Text overlay: stock library is 2 mg/mL in DMSO) Using the “single liquid” procedure, dispense 10 µL aliquots of the stock library into the deep well plates. Columns 1 and 12 should be left empty. These will receive the positive and negative within-plate controls. 
2.4.0.   CU:  Talent starts robot
3. CU:  Robot pipettes stock compounds into 96 well plates

0. (Text overlay:  see accompanying document for all recipes used in this protocol.) Place E3 solution, which contains 1% DMSO, into the appropriate position of the robotic platform. Then begin the dilution procedure by starting the “reagent” program of the robot.
4. CU:  Talent places E3 solution into position A4 of the robotic platform
4. CU:  Talent starts the robot

0. The robot will dispense 490 µL of E3 with 1% DMSO into the prepared aliquots of the library and the control wells.  The dilution is performed with fixed needles without disposable tips. 
5. CU:  Robot dispenses E3

0. Next, pipette 10 µL of DMSO into column 1 and 10 µL of a 5 mM dexamethasone solution in DMSO to column 12 as within-plate controls. The concentration of DMSO in all wells is now 3%.  The dexamethasone concentration in the positive control wells is 100 µM.
6. CU:  talent pipettes DMSO into column 1 
6. CU:  talent pipettes dexamethasone into column 12

0. Seal the plate with DMSO-resistant adhesive sealing sheets. Store the plates at -80°C until needed.
7. CU:  Talent places sealing sheet on the plate. (sticker sheet)
7. MED:  Talent places the plates in the -80

1. Drug Treatment of fish larvae 
1. This protocol utilizes larvae collected from a natural spawning of group matings between GRE:Luc transgenic fish, and raised in 9 cm Petri dishes containing E3 medium supplemented with 1 mg/mL of the fungicide methylene blue until 4 days post fertilization (Text overlay: 28°C. Change E3 medium regularly.)
0. MED/CU: fish swimming around in tank 
0. CU:  Talent collects embryos 
0. CU: embryos in dish
0. MED:  Talent places plates of embryos in an incubator

1. Pool larvae from several crosses by carefully pouring them from Petri dishes into a beaker.
3.2.0 	MED talent removes plates from incubator 
1. CU:  Talent pools larvae by pouring them from Petri dishes into beaker.

1. Then, harvest about 50 larvae at a time by gently pouring them onto a sieve with a pore size of 0.25 mm.  Immediately place the sieve into a 5.5 cm Petri dish filled with E3 medium containing 0.5 mM luciferin or “E3L”. 
2. CU:  Talent pours solution from beaker through a sieve, then places the sieve in a Petri dish

1. (Text overlay: See accompanying text for details on preparing wide-bore pipette tips).  With a wide bore pipette tip, transfer 225 µL of medium, containing one larva each, to the wells of a white 96 well plate. Prepare a minimum of 5 replica plates of larvae per library plate.
3.4.0 	CU:  larva in pipette
3. CU:  Talent transfers medium to the wells of a white 96 well plate

1. Next, seal the plates with adhesive sealing sheets and incubate them at 28°C overnight. This pre-incubation prevents recording of transient changes in bioluminescence immediately after addition of luciferin, a phenomenon that also occurs in cultured cells.
4. CU:  Talent places adhesive sealing sheet
4. MED:  Talent places white 96-well plate into the incubator

1. The next day, about 4 h before use, remove the plate containing the working dilution of the library from the -80°C freezer. Gently vortex the plate and briefly spin it in a centrifuge to collect the liquid at the bottom of the plate. (Text overlay: 1000 rpm / 140 RCF) 
5. MED:  Talent removes the diluted library plate from the -80
5. CU:  Talent vortexes plate
5. MED:  Talent places the plate in the CF and closes the lid

1. Remove the larvae plates from the incubator and remove the adhesive sealing sheets.
6. MED:  Talent removes larvae plates from incubator
6. CU:  Talent removes adhesive sealing sheets

1. With a hand-operated 96-channel pipetting device, pipet the drug solution up and down 3 times. 
7. CU:  Talent pipettes the drug solution up and down 3 times

1. Then aliquot 25 µL of the working dilution of the chemical library into the wells containing the larvae. This results in a final concentration of 4 µg/mL in E3 with 0.3% DMSO. 
8. CU:  Talent aliquots working dilution of chemical library into the wells containing the larvae.

1. Label each plate with a barcode sticker and seal the plate with the adhesive sealing sheets.  Repeat this process with each of the replica plates.
3.10.0 Talent places barcode sticker
9. CU:  Talent places adhesive sealing and barcode sticker.
9. MED:  Talent aliquots onto the next plate and seals it.

1. Luminescence recording
2. Put the plates containing the larvae into the stacking units of a bioluminescence reader with enhanced luminescence sensitivity. 
0. MED:  Talent places the plates in the bioluminescence reader.

2. Record bioluminescence for two days using reader settings analogous to those described in table 2 in the accompanying document for the EnVision reader. Adapt the number of assay repeats to the number of plates in the run to match the required running time.
1. MED:  Talent selects appropriate protocol in the reader
1. MED:  Plate is loaded onto the reader

2. After the end of the run, check the plates for the presence of dead larvae to evaluate general toxicity of the compounds.  Larvae not moving are considered dead.
2. MED:  Talent examines plates for dead larvae (by eye)
2. ECU:  talent inspecting plate, some larvae are not moving.

1. Data analysis with representative results
3. After the data has been collected, perform all data analysis with the statistical programming environment R using custom scripts. 
0. MED:  Talent seated at computer, opens some data using R.
 
3. Talent on site: “With the information provided in the accompanying document, a person knowledgeable in R can easily adapt the settings to a concrete combination using routine functions of the program.”  
1. MED:  Talent looks up from computer and says the above line

3. Shown here is a representative trace from a positive control well.  Bioluminescence raw counts are plotted against time.  
2. 50439_Dickmeis_figure 2a

3. To identify compounds that activate GC signaling regardless of their kinetic properties, determine the area under the curve, or “AUC”, of the recorded luminescence traces.  These are approximated with the trapezoidal rule.
3. 50439_Dickmeis_figure 2a’

3. The trapezoids used for the calculation are shown in different shades of red. The AUC corresponds to the added area of all trapezoids.
4. 50439_Dickmeis_figure 2a’

3.  Next, generate a Q-Q plot of raw AUC values of the positive control wells on the y-axis vs. a standard normal population on the x-axis. 
5. 50439_Dickmeis_figure 2 b  

3. To ensure a higher normality of the data, log-transform the AUC values.  A normal distribution is indicated by the linearity of the log transformed data points. This normalization results in values representing the number of standard deviations from the median of all data points.
6.  50439_Dickmeis_figure 2 b’
 
3. Perform this analysis to generate plots of transformed raw data for all compounds tested in the screen. Here, bona fide glucocorticoids are shown in blue and all other compounds are shown in grey. Two takes here: different pronunciations of the Latin “bona fide”.
7. 50439_Dickmeis_figure 2c, 

3. Then, normalize the log transformed AUC values for each library using the robust Z-score method. In this way, systematic errors, such as inter-run variability, are removed from the data. (Text overlay: Birmingham, A. et al. Statistical methods for analysis of high-throughput RNA interference screens. Nat Methods 6, 569-575 (2009).)
8. MED:  Talent working at computer, normalizes log transformed AUC values 

3. The data can now be visualized by plotting the mean robust Z-score of the replicas for each well, as shown here.
9. 50439_Dickmeis_figure 2c’


3. To visualize plate-related effects, such as edge effects or compound carry over, plot the robust Z-score values of library compounds for each plate as a heat map using the heatmap.2 function of the gplot package. 
10. 50439_Dickmeis_ figure 3a

3. Here, the positive controls in column 12 as well as two positive hit compounds in wells F8 and E2 are visible.
11. 50439_Dickmeis_ figure 3a

3. This heat map shows carry-over of a positive compound during library preparation with a pipetting robot. A gradient of activity is visible along the pipetting path taken by the robot. Sub-optimal plates, such as this one, should be excluded from further analysis.
12. 50439_Dickmeis_ figure 3b

3. To determine sensitivity and specificity of the assay, calculate a receiver operating characteristic, or “ROC” (pronounced “R-O-C”), curve with the ROC bioconductor package using the robust Z-score values.  
13. 50439_Dickmeis_ figure 3C

3. Here, the estimated true positive rates, shown on the left-hand y axis, and false positive rates, shown on the x axis, are plotted for increasing robust Z-score cut-off values which are color coded and shown on the right-hand y axis.  
14. 50439_Dickmeis_ figure 3C

3. Subsequently, determine the AUC of this curve. An AUC value close to 1, as shown here, indicates high sensitivity and specificity of the assay.
15. 50439_Dickmeis_ figure 3C

3. Once all of the data has been analyzed as described, any positive hit compounds should be reevaluated by treating larvae with serial dilutions of the compounds obtained from a different supplier, using the same recording set-up.
16. LAB MEDIA: 50439_Dickmeis_SchematicOverview_P4

1. Conclusion (said by authors on camera)
0. Thomas Dickmeis: We have just presented a step-by-step protocol for a relatively inexpensive, robust and easy- to-handle chemical screening assay for GC signaling activity in vivo and in real time.
0. Interview style

0. Thomas Dickmeis:  This assay has numerous applications, including the determination of genetic effects on glucocorticoid signaling, environmental monitoring of endocrine disruptor effects on glucocorticoid synthesis and signaling activity, and screening for novel in vivo modulators of this important signaling pathway.
1. Interview style

0. Meltem Weger:  The set-up of the assay as a microtiter plate based assay allows for easy integration into typical screening workflows, and allows for a substantial degree of automation. 
2. Interview style

0. Benjamin Weger: The simple readout does not require automated screening microscopes or sophisticated image analysis software, yet provides a rich set of data on temporal and quantitative aspects of the studied signaling pathway.  
3. Interview style

0. Thomas Dickmeis: Thus, the assay is easily applicable in smaller research labs due to its simple handling and data analysis.
4. Interview style




Provided Media
50439_Dickmeis_SchematicOverview
50439_Dickmeis_figure 2a
50439_Dickmeis_figure 2a’
50439_Dickmeis_figure 2b
50439_Dickmeis_figure 2b’
50439_Dickmeis_figure 2c
50439_Dickmeis_figure 2c’
50439_Dickmeis_ figure 3a
50439_Dickmeis_ figure 3b
50439_Dickmeis_ figure 3C



General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
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