Submission ID #: 54782
Editor Name: Tara Cass
Videographer name: Paul Donahue
Film Date: 07/22/2016

Authors and Affiliations: Thilo Dörfler1*, Tobias Eilert1*, Carlheinz Röcker1, Julia Nagy1, Jens Michaelis1

1 Institute of Biophysics, Ulm University

*These authors contributed equally.

Title: Structural Information from Single-Molecule FRET Experiments Using the Fast-Nano-Positioning System

Corresponding Author: 

Jens Michaelis
Institute of Biophysics
Ulm University
Ulm, Baden-Württemberg, Germany
Email: jens.michaelis@uni-ulm.de

Co-authors:

Thilo Dörfler: thilo.doerfler@uni-ulm.de

Tobias Eilert: tobias.eilert@uni-ulm.de

Carlheinz Röcker: carlheinz.roecker@uni-ulm.de

Julia Nagy: julia.nagy@uni-ulm.de


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
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.
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.
2.2, 2.8, 2.15, 4.8, 4.9, 4.11
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.
2.2, 4.11
E.  Will the filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of the fast nano-positioning system is to provide real-time structural information of biomolecules by combining single-molecule FRET experiments with rigorous statistical analysis. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Thilo Dörfler: This method answers key questions in the field of structural biology, such as the localization of flexible domains in macromolecules, where standard structural biology tools cannot be applied. 
1.2. Tobias Eilert: The major improvement of Fast-NPS compared to other FRET-based structural tools is that different dye models can be compared, yielding not only the most likely positions, but a three-dimensional probability distribution.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Julia Nagy: The main advantage of this technique is that it combines structural data from the protein data base with quantitative single-molecule fluorescence measurements.
1.4. Jens Michaelis: We first had the idea for this method when we realized that we can apply Bayesian parameter estimation to access the complete probability distribution of dye configurations by smFRET data.

Protocol (read by voice talent at JoVE):
2. Single-Molecule FRET (smFRET) Measurements with Total Internal Reflection Fluorescence (TIRF) Microscopy
(Erin Note: Authors indicated screen captures would be uploaded on ~8/29. In addition, they included notes on some of the revised screen captures. See the end of this document, as well as the Comments_Shotlist uploaded on FTP. On the latter, they’ve indicated which are “high” and “low” priority screen captures.)
2.1. To begin the procedure, assemble a flow chamber and sample holder. [2-CU] To prepare the inlet and outlet screws, thread silicone tubing into hollow tab screws and cut the tubing straight on either end with a razor blade. [13-MED-TXT]
2.1.1. With the flow chamber and sample holder in view, talent feeds tubing into tab screws and trims it down to size. (TEXT: See text protocol for flow chamber component schematics.) (Author Comment: 2.1.1. was filmed, but shall not be used in the video)
2.1.2. [Added Shot] Chamber components distributed on bench.
2.1.3. [Added Shot] Talent threads silicon tubing into hollow tab screws and cuts the tubing strait on either end. (TEXT: See text protocol for flow chamber component schematics.)
2.2. Screw the tab screws to the sample holder. [1-CU] Align the quartz slide holes of the flow chamber with the sample holder threads. Gently tighten the glass holder screws to fix the flow chamber in place. [2-CU] [3-CU]
2.2.1. [Added Shot] Screws in the tab screws. 
2.2.2. [Previously 2.2.1; combined with current 2.2.4 and 2.2.3 (original 2.2.2 and 2.2.3)] Talent lines up the holes in the slide with the holes in the sample holder.
2.2.4 [Previously 2.2.3] Talent screws in the glass holder screws.
2.2.3. [Previously 2.2.2] Talent screws in the inlet and outlet screws.
2.2.4. [Previously 2.2.3] Talent screws in the glass holder screws. (Move above 2.2.3)
2.3. Thread 20-cm long pieces of silicone tubing into the inlet and outlet screws. [1-MED-Over shoulder]
2.3.1. Talent feeds tubing into the inlet and outlet screws.
2.4. Wash the flow chamber with 500 µL of PBS. [1-MED-Over shoulder and 2-CU]. Then, flush the flow chamber with 100 µL of neutravidin solution in PBS, ensuring that a droplet forms at the end of the inlet tubing to prevent air from entering the sample chamber. [23-MED-TXT]
2.4.1. Talent pushes PBS through the chamber with a syringe. 
2.4.2. [Added Shot] PBS is flushed through the sample chamber.
2.4.3. Talent flushes the chamber with neutravidin solution and tops off the inlet tubing with a droplet of PBS. (TEXT: 0.5 mg/mL neutravidin in PBS)
2.5. Clamp the inlet and outlet tubing shut after every manipulation to exclude air from the flow chamber. Incubate the chamber for 15 minutes at room temperature. [1-MED] Then, wash out the neutravidin solution with 500 µL of PBS. [2-MED]
2.5.1. Talent clamps the tubing shut and places the chamber aside to incubate.
2.5.2. Talent washing the neutravidin solution out of the flow chamber.
2.6. Add a drop of immersion oil on the prism and screw the prism holder onto the sample chamber. [1-CU] The single-molecule FRET data is acquired using a Total Internal Reflection Fluorescence microscope. [0-MED] Start the camera software and the stage piezo-motor software. [2-MED] [3-MED-TXT]
2.6.1 *Film as written.
2.6.0 [Added Shot] Talent enters the microscopy lab. (Author Note: Although the numbering is incorrect, this is the correct video shooting order.)
2.6.2 Talent goes to computer and starts the necessary software.

2.6.3 Talent mounts the sample chamber on the micrometer stage. (TEXT: Caution: The total internal reflection fluorescence (TIRF) microscope uses several Class 3B lasers.)
2.7. Mount the chamber to the micrometer stage of the TIRF microscope horizontally, as straight as possible and in such a way that it intersects all three lasers. [1-MED-TXT] Add immersion liquid [2-CU], and focus the microscope objective by checking the IR reflections. [3-MED-Over shoulder] 
2.7.1 [Originally 2.6.3-unclear how now slated] Talent mounts the sample chamber on the micrometer stage. (TEXT: Caution: The total internal reflection fluorescence (TIRF) microscope uses several Class 3B lasers.)
2.7.2 Talent adjusts the prism so it intersects the lasers. Talent adds immersion liquid. 
2.7.3 [Originally 2.7.1-unclear how now slated] Talent checks the IR reflections and focuses the microscope objective. Talent fixing the prism in place.
2.8 Set the camera parameters, the file path, and the auto-increment parameters. [1-SCREEN] Start the live camera feed and bleach background fluorescence using all three lasers with full intensities. [2-SCREEN-TXT] Then, turn down the laser intensities. [3-MED-Over shoulder]
2.8.1. *To be provided by authors: Screen capture footage of the acquisition parameters being set.
2.8.2. *To be provided by authors: Screen capture footage of the live camera feed as background fluorescence bleaching begins. (TEXT: See text protocol for laser intensity settings.)
2.8.3. Shot of instrument showing all three lasers, talent turning down the intensities.
2.9. Then, load 100 µL of a fluorescent bead solution into the chamber. Wait 10 minutes for the beads to bind to the chamber surface. [1-MED-TXT]
2.9.1. Talent injects fluorescent bead solution into the sample chamber and clamps the tubing shut. (TEXT: See text protocol for fluorescent bead solution preparation details.)
2.10. Record a movie with a field of view of 50-100 beads [1-SCREEN] and perform a batch analysis with a high peak-finding threshold. [2-SCREEN]
2.10.1. *To be provided by authors: Screen capture footage of a movie of the fluorescent beads.
2.10.2. *To be provided by authors: Screen capture footage of the batch analysis preparation screen, with ‘high’ being selected for peak finding threshold.
2.11. Load the movie file and choose two beads with distinct centers at opposite corners of the field of view. [1-SCREEN] Select the pixels of maximum intensity in those beads. [2-SCREEN] 
2.11.1. *To be provided by authors: Screen capture footage of a movie file being opened and the two beads being selected.
2.11.2. *To be provided by authors: Screen capture footage of maximum intensity pixel being selected in one of the beads. 
2.12. Remove and clean the prism. [1-MED] Prepare a second sample chamber and screw the prism holder onto the chamber. [2-MED-Over shoulder]
2.12.1. Talent removes the first sample chamber from the micrometer stage and removes the prism.
2.12.2. Talent screwing the prism holder onto a second chamber.
2.13. Mount the chamber to the micrometer stage. [1-MED] Then, load 100 µL of a 50 to 100 pM solution of biotinylated, fluorescent labeled sample into the chamber. [2-MED] Wait for the molecules to bind the chamber surface. [3-Screen-TXT]
2.13.1. Talent adjusting the prism for the mounts sample chamber.
2.13.2. Talent loads sample and clamps the tubing shut. 
2.13.3. *To be provided by authors: Screen capture footage of fluorescent molecules binding. (TEXT: Load an additional 100 µL of a 2x more concentrated sample if needed. Do not overload the sample chamber.)
2.14. Turn off the lasers and translate the flow chamber by a distance of about two fields of view, ensuring that an unbleached area is in focus. [1-MED SCREEN] Simultaneously click ‘Take signal’ to start recording and turn on the donor excitation laser. [2-SCREEN]
2.14.1. Screen capture footage of t Talent moves the flow chamber being moved with the piezo-motors so an unbleached area is in focus.
2.14.2. *To be provided by authors: Screen capture footage of recording and laser being started.
2.15. Adjust the laser power to ensure that at least 80% of the molecules in the field of view are bleached. [1-SCREEN] Then, move the chamber to show an unbleached area and record the next movie. Bleach the rest of the sample chamber in this way. [2-SCREEN]
2.15.1. *To be provided by authors: Screen capture footage of the laser power being adjusted.
2.15.2. *To be provided by authors: Screen capture footage of the chamber being moved to an unbleached area and the next recording being started.
3. Determination of Mean FRET Efficiency
3.0. After the measurements at the TIRF microscope, the acquired single-molecule FRET data needs to be analyzed to yield the mean FRET efficiency. [1-MED-Over shoulder]

3.0.1. [Added Shot] Talent sits at PC.
3.1. Perform a batch analysis of the donor and acceptor movies of the sample. [1-SCREEN] Then, load the batched movie files in the data analysis software. [2-SCREEN] For each molecule showing characteristic single-molecule FRET phases, set the toggle to ‘not selected’. [3-SCREEN]
3.1.1. *To be provided by authors: Screen capture footage of the batch analysis finishing and displaying the “finished analyzing” message.
3.1.2. *To be provided by authors: Screen capture footage of the movie files being loaded for analysis.
3.1.3. *To be provided by authors: Screen capture footage of the characteristic FRET periods being indicated with the cursor, followed by setting the toggle ‘not selected’.
3.2. Click on the beginning of the FRET period, then the time point when acceptor intensity decreases due to bleaching, and finally the time point when the donor intensity decreases due to bleaching. [1-SCREEN]
3.2.1. *To be provided by authors: Screen capture footage of the three time points being clicked.
3.3. In the next window, select ‘Yes’ to keep the selected FRET efficiency trace. [1-SCREEN] Once every molecule has been analyzed, save the traces and analyze the next movie. [2-SCREEN]
3.3.1. *To be provided by authors: Screen capture footage of ‘yes’ being selected to keep the trace, followed by the next trace being opened.
3.3.2. *To be provided by authors: Screen capture footage of the traces being saved and the next movie being opened.
3.4. Once analysis is complete, run a script to combine the FRET results. [1-SCREEN] Import the combined framewise FRET file into data analysis software using the default input option. [2-SCREEN]
3.4.1. *To be provided by authors: Screen capture footage of the folder containing the *.res and *.FRETonly_trace files being selected and the program running.
3.4.2. *To be provided by authors: Screen capture footage of the FRW.dat file being imported.
3.5. Right-click on the selected FRET efficiencies and choose ‘histogram’. Double-click on the columns and set the bin size and beginning and end values. [1-SCREEN]
3.5.1. *To be provided by authors: Screen capture footage of the histogram window being opened and the values being filled in.
3.6. Select the histogram columns and open the bin worksheet. Right-click on the ‘Counts’ column and create a column plot. [1-SCREEN]
3.6.1. *To be provided by authors: Screen capture footage of the bin worksheet being opened and the column bar plot being created.
3.7. Choose ‘Gaussian’ as the nonlinear curve fitting function. Deselect “auto parameter initialization,” and set the offset value to 0. Fit the curve. [1-SCREEN] The ‘xc’ value is the mean FRET efficiency. [2-SCREEN]
3.7.1. *To be provided by authors: Screen capture footage of the nonlinear curve fit menu being opened, the parameters being set, and the curve being fitted.
3.7.2. *To be provided by authors: Screen capture footage of the ‘xc’ value being pointed out with the cursor.
3.8. Use UV-Vis and fluorescence spectroscopy to determine the isotropic Förster radius and the steady-state anisotropy values for each dye. [1-MED-TXT]
3.8.1. Talent at a computer looking at an example UV-Vis or fluorescence spectrum (this can be any spectrum from a previous experiment of this type). (TEXT: See text protocol for more information.)
4. Determination of Credible Volumes with the Fast Nano-Positioning System (Fast-NPS) 
4.0. The Nano-Positioning System was inspired by the well-known GPS, as we localize an unknown position--the antenna--with several known positions--the satellites.
4.0.1. [Added Shot] Talent walks into the office, sits down in front of the PC and prepares the analysis.
4.1. To begin the NPS analysis, launch the Fast-NPS software and create a new jobfile. [1-SCREEN]
4.1.1. *To be provided by authors: Screen capture footage of the software being opened and a new jobfile being created.
4.2. To define the position priors of the labeled antennas and satellites, in the ‘Model Dye Prior’ window, enter the spatial resolution of the position being defined. Exclude the macromolecule interior by loading the corresponding centered PDB file. [1-SCREEN]
4.2.1. *To be provided by authors: Screen capture footage of the ‘Model Dye Prior’ window being opened, the spatial resolution being entered, and the PDB file being loaded.
4.3. Enter the approximate diameter and skeletonization distance of the dye. Fill in the minimum and maximum position coordinates of the possible dye location. [1-SCREEN]
4.3.1. *To be provided by authors: Screen capture footage of the values being filled in.
4.4. If the position being defined is a satellite, select ‘dye attachment via flexible linker’ and enter the atom coordinates from the centered PDB file. Fill in the length and diameter of the linker. [1-SCREEN]
4.4.1. *To be provided by authors: Screen capture footage of the checkbox being selected and the values being filled in.
4.5. Click ‘calculate accessible volume’, save the position prior, and export it for visualization. Repeat this process for all satellites and antennas. [1-SCREEN]
4.5.1. *To be provided by authors: Screen capture footage of the accessible volume being calculated, position prior being saved, and the data being exported.
4.6. Once the positions have been defined, open the ‘Define Measurement’ window and create a new dye molecule. Load the position prior associated with that dye. [1-SCREEN]
4.6.1. *To be provided by authors: Screen capture footage of the ‘Define Measurement’ window being opened, a new molecule being created, and the position prior being loaded.
4.7. Fill in the fluorescence anisotropy, select an appropriate dye model, and activate the dye. Repeat this process until all of the dyes have been defined. [1-SCREEN]
4.7.1. *To be provided by authors: Screen capture footage of values being filled in and selected. Then, a new dye molecule is created.
4.8. Then, create a new measurement. Select a FRET pair from the defined dyes. Enter the single-molecule FRET efficiency with error and the isotropic Förster radius of this dye pair, and activate the measurement [1-SCREEN]. Repeat this for all dye pairs. [12-SCREEN]
4.8.1. *To be provided by authors: Screen capture footage of a new measurement being created, a FRET pair being selected, and the corresponding values being filled in and selected.
4.8.2. [Added Shot] *To be provided by authors: Screen capture footage of all measurements activated shown in the ‘Define Measurement’ window, which is subsequently closed.
4.9. Next, open the ‘Calculation’ window. If dyes have been assigned different models, select ‘User defined’. Otherwise, select the model to use for all dyes. [1-SCREEN] Perform the calculation [2-SCREEN] and open the results window. [3-SCREEN]
4.9.1. *To be provided by authors: Screen capture footage of the ‘Calculation’ window being opened. ‘User defined’ is indicated with the cursor. Then, use the cursor to indicate the other models.
4.9.2. *To be provided by authors: Screen capture footage of the calculation being started.
4.9.3. *To be provided by authors: Screen capture footage of clicking through the pop-up message showing that the calculation is complete and the ‘View Results’ window being opened.
4.10. Tobias Eilert: While using the Fast-NPS, it is important to remember to adapt the models for all dyes in order to minimize the credible volumes while staying consistent. [1-MED]
4.10.1. Talent speaks towards the camera, interview style.
4.11. [bookmark: _GoBack]If the consistency is lower than 90%, click ‘Detailed consistency’ and identify the dyes common to entries with less than 90% consistency. [1-SCREEN] Open the ‘Define Measurement’ window and change the model of the dye in question. [2-SCREEN] Re-run the calculation in the mode ‘User defined’. [23-SCREEN] (Use the 4-11b redo take; narration was added after initial recording.)
4.11.1. *To be provided by authors: Screen capture footage of the ‘View Results’ screen of a calculation with < 90% consistency. ‘Detailed consistency’ is clicked and a measurement with < 90% consistency is identified and pointed out with the cursor.
4.11.2. *To be provided by authors: Screen capture footage of the ‘Define Measurement’ window where a different model from the one chosen in 4.9.1 is selected.
4.11.3. [Added Shot] *To be provided by authors: Screen capture footage of the ‘Calculation’ window opened and the new analysis started.
4.12. Export the credible volumes of the dyes singly or as a batch. [1-SCREEN] Open the density files in a visualization software and adjust credibility to the desired level. [2-SCREEN]
4.12.1. *To be provided by authors: Screen capture footage of a batch of dyes being exported.
4.12.2. *To be provided by authors: Screen capture footage of a density file being opened in visualization software.

SCREEN CAPTURE FOOTAGE INSTRUCTIONS:
Authors: If a shot is listed as [#-SCREEN], you will need to make a movie file of the actions required using screen capture software. Make one file per [#-SCREEN] containing only the requested actions. Do not bundle several action sequences into one large file.

Name each file according to the shot number and upload the files to your project folder: http://www.jove.com/account/file-uploader?src=16708558
5. Results: smFRET Fast Nano-Positioning System Modeling of Archaeal RNA Polymerase Open Promotor Complex
5.1. Single-molecule FRET efficiencies were measured between [1-LM] unknown antenna molecules and several known satellite molecules within an archaeal RNA polymerase open promotor complex. [2-LM]
5.1.1. Figure 8. 
5.1.2. Figure 9: During “unknown antenna molecules”, highlight the green dots near the top of the figure. During “known satellite molecules”, highlight the red dots near the middle of the figure.
5.2. NPS analysis of this data determined the credible volumes of these dye molecules relative to the archaeal RNA polymerase open promotor complex. [1-LM] Five different models for the dye molecules were used and the results were compared. [2-LM]
5.2.1. Figures 7a and 7-table: On “NPS analysis of … credible volumes”, highlight the credible volumes (the solid shapes surrounding the structure).
5.2.2. Figure 7: Expand 7a and 7-table into the full figure.
5.3. The credible volumes were consistent with the measured data when calculated with models that assume that the dye can only rotate freely within a cone of unknown orientation. [1-LM]. The classic model in particular is the most conservative, as it further assumes that the dye is in a fixed location. This creates a relatively large credible volume, but the volume generally encloses the correct position. [2-LM]
5.3.1. Figures 7a, 7e, and 7-table: Fade out 7b-d. Label 7a “Classic Model” and 7e “Var-Meanpos Model”.
5.3.2. Figures 7a and 7-table: Fade out 7e. On “relatively large credible volume”, highlight the credible volumes in 7a.
5.4. Higher-precision models use the assumption that the dye is completely free to rotate within its fluorescence lifetime. [1-LM] 
5.4.1. Figures 7b, 7c, 7d: Label 7b with “Iso Model”, 7c with “Meanpos-Iso Model”, and 7d with “Var-Meanpos-Iso Model”.
5.5. The iso model, like the classic model, assumes that the dye is at a fixed position within the accessible volume. [1-LM] The mean pos-iso (pronounce as “pos” [as in positive] and “iso” [as in isotope]?) model assumes dynamic averaging over all possible positions. [2-LM] 
5.5.1. Figures 7b and 7-table: Fade out all other figures and bring back 7-table.
5.5.2. Figures 7b, 7c, and 7-table: Bring back 7c.
5.6. While the credible volumes of the iso models are much smaller than those calculated by the non-iso models, they are inconsistent with the measured data. [1-LM-TXT] 
5.6.1. Figures 7a, 7b and 7-table: Fade out 7c. Add Fig. 7a next to 7b. On “While…iso models”, highlight the credible volumes of iso. On “non-iso models” highlight the credible volumes of classic. [TEXT: below Fig. 7a ‘consistent’ and below 7b ‘inconsistent’]

6. Conclusion (said by authors on camera)
6.1. Jens Michaelis: We wanted to develop a technique that allows us to capture dynamic structural information of transient complexes, a problem that could not be addressed by existing structural tools.  
6.2. Thilo Dörfler: Once the smFRET data has been recorded, the Fast-NPS analysis is done in a couple of hours, allowing for a quick comparison of different dye models.
6.3. Jens Michaelis: Following this procedure, other methods like MD simulations can be performed subsequently in order to obtain structural models that are consistent with experimental smFRET data.


PROVIDED MEDIA

Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats:  For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16708558

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

54782_Michaelis_2081.avi
54782_Michaelis_2082.avi (Cut movie, show beginning and end only)

54782_Michaelis_2101.avi
54782_Michaelis_2102.avi

54782_Michaelis_2111.avi
54782_Michaelis_2112.avi

54782_Michaelis_2133.mp4

54782_Michaelis_2141.avi
54782_Michaelis_2142 and 2151.avi (one file)

54782_Michaelis_2152.avi

54782_Michaelis_3011.mp4
54782_Michaelis_3012.avi
54782_Michaelis_3013.avi

54782_Michaelis_3021 and 3031.avi (one file)

54782_Michaelis_3032.avi

54782_Michaelis_3041.avi (Show framewise (FRW) combination only)
54782_Michaelis_3042.avi

54782_Michaelis_3051.avi

54782_Michaelis_3061.avi

54782_Michaelis_3071.avi
54782_Michaelis_3072.avi

54782_Michaelis_4011.trec

54782_Michaelis_4021.trec

54782_Michaelis_4031.trec
	
54782_Michaelis_4041.trec

54782_Michaelis_4051.avi (re-done)

54782_Michaelis_4061.avi (re-done)

54782_Michaelis_4071.avi (re-done)

54782_Michaelis_4081.avi (re-done)

54782_Michaelis_4082.avi (new)

54782_Michaelis_4091.trec
54782_Michaelis_4092.trec
54782_Michaelis_4093.trec

54782_Michaelis_4111.trec
54782_Michaelis_4112.avi (re-done) 
54782_Michaelis_4113.avi (new) 

54782_Michaelis_4121.avi (re-done) 
54782_Michaelis_4122.trec


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 noted and specimens/samples should 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 in the email accompanying the finalized script.
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