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Title: Automated Acoustic Dispensing for the Serial Dilution of Peptide Agonists in Potency Determination Assays 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_ Y__ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Authors: For these steps, please provide the screen capture files with the edited script and list the steps for each file.  Please see the note for SCREEN CAPTURES following step 4.5 below.  Not necessary
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.3, 2.5, 2.9-2.11, 3.5, 4.2, 4.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Step 2.9- 2.11 - Use acoustic fluid dispensers integrated into an automated robotic system to prepare three sequential 1:100 intermediate dilutions (in assay buffer) of the 100X peptide stocks from column 1 in source A.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? __ Sample preparation and use of robotics take place in adjacent laboratories, 10 meters apart.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this automated protocol for the serial dilution of peptide samples is to minimize peptide adsorption to plasticware, enabling accurate potency determination for drug discovery. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jacqueline Naylor: This method can increase the quality and reproducibility of data, and the removal of tip-based pipetting eliminates sample carryover so that errors are not propagated throughout the entire serial dilution. 
1.2. Jacqueline Naylor: The main advantage of this technique is it increases data quality by minimizing peptide adsorption to plasticware. This is particularly important for driving a structure-activity relationship and lead identification campaigns in drug discovery.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Jacqueline Naylor: Demonstrating the procedure will be Alessandra Rossi, an in vitro scientist in the laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named scientist looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Peptide Serial Dilution
2.1. After preparing the assay buffer and creating a dispensing program for a bulk dispenser according to the text protocol [1-WIDE], immerse dispensing cassette tubing in assay buffer and prime with fluid [2-MED/CU].
2.1.1. Talent at computer finishes completing dispensing program with assay buffer in frame
2.1.2. Talent immerses tubing in assay buffer and primes with fluid
2.2. Place a 384-well low volume assay plate on a plate carrier [1-CU].  Then press start [2-CU].
2.2.1. Talent places plate on plate carrier

2.2.2. Talent presses start
2.3. Dispense 25 microliters of 100 times peptide stocks into columns 1 – 5 of an acoustically qualified 384-well flat bottomed polypropylene microplate to be designated as source plate A [1-CU-TXT].

2.3.1. Dispenser dispenses 100x peptide stocks into columns 1-5 of 384-well plate ‘A’ (TEXT: Peptides diluted according to text protocol)
2.4. Dispense 25 microliters of 100 times reference control into wells A23 and A24 [1-CU].  Then dispense 10 microliters of assay buffer into columns 11-15 [2-CU] and 30 microliters of assay buffer into columns 21-22 [3-CU].

2.4.1. Dispenser dispenses 25 ul of 100x reference control stock into A23 and A24

2.4.2. Dispenser dispenses 10 ul of assay buffer into columns 11-15 
2.4.3. Dispenser dispenses 30 ul of assay buffer into columns 21-22

2.5. Next, into columns 6-10 and 16-20 of a second acoustically qualified 384-well polypropylene microplate designated source plate B [1-MED/CU], dispense 10 microliters of assay buffer [2-CU].
2.5.1. Source plate B on plate carrier being put into place

2.5.2. Dispenser dispensing assay buffer into columns 6-10 and then 16-20
2.6. Centrifuge source plates A and B at 300 x g for 1 minute [1-MED/CU-TXT].
2.6.1. Talent places plates A and B into centrifuge and starts spin (TEXT: Include appropriate balance plates)
(Author Note [on 2.7 and 2.8]: I do not believe there is a need to change the narration.)
2.7. Next, load the source and assay plates into the plate hotel section of the robotics [1-MED/CU].  Then, running the robotics software according to the text protocol [2-CU], use acoustic fluid dispensers integrated into the system [3-MED/CU] to prepare three sequential 1 in 100 intermediate dilutions. Start with transferring from columns 1 to 5 on source plate A to columns 6 to 10 on source plate B [4-CU]. 
2.7.1. Talent loads source and assay plates into plate hotel section of robotics

2.7.2. Shot of screen showing robotics software

2.7.3. Shot of robotics system while fluid is dispensing (actual fluid dispensing will not be seen) 
           2.7.3.A. [Added Shot] Source plate A is moved onto plate orientator (first step)

           2.7.3.B. [Added Shot] Wide shot of whole 2.7.3. process

           2.7.3.C. [Added Shot] Close up of source plate A entering acoustic fluid dispenser (final  

                         step)

2.7.4. Program on robotics screen showing the dilutions being prepared

2.8. After preparing the first 1 in 100 dilution, allow automation to transfer source plate B to an integrated centrifuge and spin at 300 x g for 1 minute [1-MED/CU] before returning the plate to the acoustic fluid dispenser [2-MED/CU].
2.8.1. Plate B is transferred to the centrifuge and the spin is initiated
           2.8.1.A. [Added Shot] Source plate B is moved onto plate orientator (first step)
           2.8.1.B. [Added Shot] Source plate B transferred into centrifuge (final step)
2.8.2. The spin ends and the plate is returned to the acoustic fluid dispenser
           2.8.2A. [Added Shot] Source plate B is removed from centrifuge (first step)
           2.8.2.B. [Added Shot] Source plate B enters acoustic dispenser (final step)
2.9. Then, after transferring the solution from source plate B to source plate A for the second 1 in 100 dilution, automation will transfer source plate A to the centrifuge and spin [1-MED/CU] before returning the plate to the fluid dispenser [2-MED/CU].
2.9.1. Source plate A is transferred to centrifuge and spin is initiated (TEXT: Refer to text protocol) (TEXT: 300 x g, 1 minute); Editor, use the first text for the first part of the first sentence and the second text for the centrifuge portion of step 1

2.9.2. Plate is returned to fluid dispenser
2.10. Finally, after automation transfers the solution from plate A to B for the third 1 in 100 dilution, plate B is again centrifuged. These peptide dilutions in source plate A and source plate B are then used to prepare full concentration response curves in the assay, as described in the text protocol [1-MED/CU].

2.10.1. Plate B is sent to centrifuge and spin is initiated
2.11. Jacqueline Naylor, Step 2.9-2.11 (acoustic sample transfer): This step is critical as a comparative tip-based methodology causes a dramatic loss in sample potency due to peptide adsorption to plasticware [1-INTERVIEW].
2.11.1. Talent recites the above statement looking off camera

3. Cell Preparation 

3.1. Rapidly thaw cryopreserved CHO (Pronounce CHO to rhyme with show) cells expressing the target mouse GLP-1 (Pronounce G-L-P-1) receptor in a 37(C (Pronounce 37-degree C) water bath [1-MED/CU], and use 20 milliliters of assay buffer to resuspend them [2-CU].
3.1.1. Talent places cells into water bath

3.1.2. Talent adds assay buffer and resuspends cells
3.2. Centrifuge the cell suspension at 200 x g and room temperature for 5 minutes [1-MED/CU-TXT].
3.2.1. Talent places cells in centrifuge and sets speed and time (TEXT: Include an appropriate balance)
3.3. Discard the supernatant and use 10 milliliters of assay buffer to resuspend the cell pellet [1-CU] [1B].
3.3.1. Talent discards supernatant and uses assay buffer to resuspend cell pellet
           3.3.1.B. [Added Shot] Close up alternative shot
3.4. With Trypan blue, dilute the cell stock 1:1 [1-CU] and use an automated cell counter to determine the viable cell density [2-MED].  Then, use assay buffer to resuspend the cells at a concentration of 1.6 million cells per milliliter [3-CU-TXT].
3.4.1. Talent dilutes cells with Trypan blue

3.4.2. Talent places cell counter on microscope stage and begins to count cells 

3.4.3. Talent adds assay buffer to resuspend cells (TEXT: ~8000 Cells/well from assay plates)
3.5. Using a bulk reagent dispenser, add 5 microliters of cell suspension to each well of the assay plate containing serially diluted peptides [1-MED/CU], and incubate at room temperature for 30 minutes [2-MED/CU].
3.5.1. Talent places plate into bulk dispenser and it adds cell suspension to wells of assay plate

3.5.2. Talent sets plate on bench to incubate
4. Homogeneous Time Resolved Fluorescence cAMP Detection Assay 

4.1. To carry out the cyclic AMP (pronounced cyclic A-M-P) detection assay, use the lysis buffer to prepare 1:20 dilutions of each homogeneous time-resolved fluorescence, or HTRF reagent [1-CU-TXT].
4.1.1. Talent at bench preparing 1:20 dilutions of HTRF reagents (TEXT: Bring assay kit to RT for 30 minutes prior to use)
4.2. Use a bulk reagent dispenser to add 5 microliters of cryptate reagent [1-MED/CU] to all the wells of the assay plates [2-CU].  Then, add 5 microliters of D2 reagent [3-CU] to columns 1-22 of the plates [4-MED/CU].
4.2.1. Talent places sets up cryptate reagent to be dispenser

4.2.2. Cryptate reagent being added to wells of a plate

4.2.3. Talent sets up D2 reagent 

4.2.4. D2 reagent being added to wells of plate
4.3. Next, add 5 microliters of D2 reagent into wells E23-P24 [2-CU]. Immediately use a manual pipette to add 5 microliters of lysis buffer to wells A23-D24 to be used as non-specific binding control wells [1-CU].
     4.3.2. Talent adds d2 reagent to wells E23-P24
4.3.1. Talent adds lysis buffer to wells A23-D24

4.3.2. Talent adds d2 reagent to wells E23-P24 (Move above 4.3.2)
4.4. Centrifuge the assay plates at 200 x g and room temperature for 1 minute to mix the wells [1-MED].  Then, cover the plates and incubate for 1 hour [2-MED/CU].
4.4.1. Talent sets plates into centrifuge and sets speed and time 
4.4.2. Talent covers plates and walks away from them

4.5. After the incubation, use a plate reader to measure the FRET signal [1-MED/CU] at an excitation of 320 nanometers and an emission of 620 and 665 nanometers [2-CU].  Analyze the data according to the text protocol [3-LM]. 
4.5.1. Talent places plates into the plate reader

4.5.2. Talent sets excitation and emission and begins to read plates
4.5.3. LAB MEDIA Figure 2a and b 
5. Results: Potency Determination Assay Using Acoustic Transfer to Serially Dilute Peptide Agonists 
5.1. The first step in acoustic transfer for the cAMP Detection Assay is to create four stock peptide intermediate dilutions across two source plates, as shown here [1-LM].
5.1.1. LAB MEDIA Figure 1a and b, Editor, add in the panels one at a time
5.2. For the second step, the acoustic dispenser further dilutes stock solutions from source plates A and B to create an 11-point concentration range for each test peptide in duplicate for 16 different peptides [1-LM].  Assay buffer backfill is performed to ensure a constant volume per well across the assay plate [2-LM].
5.2.1. LAB MEDIA Figure 1c, Editor, for the 11-point concentration range, run an arrow fro left to right across the top to show the change in color.
5.2.2. LAB MEDIA Figure 1d, Editor, point out the backfill volume in the last column of this panel when mentioned.
5.3. Shown here is a heat map for an example plate containing 16 peptides in duplicate, run through the cAMP accumulation assay.  Low values, shown in purple, represent high cAMP concentration [1-LM].
5.3.1. LAB MEDIA 2a, Editor, point out some of the purple circles when mentioned.
5.4. These concentration response curves illustrate the reproducibility of duplicate points.  Sample 1 represents a positive control for the assay.  Samples 2, 3, and 4 were inactive and are represented by the flat lines on the graph [1-LM].
5.4.1. LAB MEDIA Figure 2a, b, Editor, point out the various samples on the curve in panel b when mentioned. 

5.5. Samples 5-16 represent active test peptides.  The method presented here allows for the generation of full concentration-response curves across a broad potency range [1-LM].
5.5.1. LAB MEDIA Figure 2a, b, Editor, point out samples 5-16 on the curve when mentioned.
6. Conclusion (said by authors on camera)
6.1. Jacqueline Naylor: Once mastered, this technique can be completed in 3 hours if it is performed properly. This will also depend on the number of samples requiring preparation.
6.2. Jacqueline Naylor: While attempting this procedure, it’s important to remember that peptides are biological samples and should be handled as such.  In order to maintain their integrity, repeat freeze-thaw cycles should be avoided.

6.3. Jacqueline Naylor: After its development, this technique paved the way for researchers in the field of peptide drug discovery to allow for accurate potency predictions needed to fuel structure-activity relationships in drug discovery.
6.4. Jacqueline Naylor: After watching this video, you should have a good understanding of automated acoustic dispensing for serial dilution that minimizes peptide loss by adsorption, and increases the accuracy of measurements.

6.5. Jacqueline Naylor: Don't forget that working with biologically active peptides with picomolar potencies can be extremely hazardous and precautions such as personal protective equipment should always be taken while performing this procedure. 

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.

( 2013, Journal of Visualized Experiments


