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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y
C.  Which steps of your protocol will viewers benefit most from having filmed? None listed
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
Step 3.1: The right measurement gap is necessary in order to be able to focus the cells properly.
E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

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

Authors: If necessary, please update the speaker for each of the statements. Ensure the videographer does the same on the Interview Statement Summary
1.1. Stefan Junne: This method can help answer key questions of cell heterogeneity through the morphological assessment of the cells.  In situ microscopy allows study of cultivation conditions, process yields and quality products. 
1.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
1.2. Jörn EmmerichThomas Glatzel: The main advantage of this technique is it is an in situ measurement, which provides real-time data without the necessity of sampling or bringing risk of contamination.
1.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Anna-Maria Marbà-Ardébol: In situ microscopy coupled to automated image recognition can provide additional information about cellular structures, shape and cell aggregation beyond size. It is also possible to measure the cell concentration.
1.3.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
1.4. Jörn EmmerichThomas Glatzel: This methodology has proven to be a reliable tool. No alternative monitoring method can provide the same information in such a short time and low effort for sample preparation.
1.4.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
1.5. Stefan Junne: The method has been adapted to different industrially relevant bioprocesses and microorganisms as e.g. filamentous fungi, microalgae or yeast.
1.5.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
C. Introduction of Demonstrator: N/A

D.  Ethics title card: N/A







Protocol: (read by voice talent at JoVE)
2. Overview of Probe
2.1. The probe is used in conjunction with a computer. [1] The hardware consists of a single-rod probe with a high-resolution CCD camera. [2]  Cells that pass through an adjustable measurement gap are imaged by the camera. [3] Light enters the gap opposite the camera, meaning illumination is by transmission. [4] Set the hardware parameters using cell concentrations that span the expected range. [5]
2.1.1. Talent with probe that is attached to a computer
2.1.2. The probe from the side
2.1.3. Detail of the part of the probe with the measurement gap
2.1.4. Talent demonstrating relative positions of light entry into the probe and the probe camera (Image! 57823_imageprobe_2.1.4)  see Nextcloud “57823_imageprobe_2.1.4.PNG”
2.1.5. Talent working with one of several cell samples imitating a step in the hardware setup [TEXT: See text protocol for setting hardware parameters]
3. Off-line Measurement
Begin making preparations for off-line measurements. [1] Use a thickness gauge to adjust monitor the measurement gap as it is adjusted. [2] Then, turn the probe’s screw nut to set the measurement gap to 5 or 10 times the maximum expected cell diameter. [3-TXT]
3.1.1. Talent at bench with the probe, ready for next steps
3.1.2. The measurement gap/probe as the thickness gauge is put in place and the screw nut is adjusted
3.1.3.  The probe as the screw nut is adjusted with the thickness gauge still in place [Text: Cells used are S. cerevisiae] 
3.2. At the computer, open the Probe Controller software. [1] In the software, go to section Actions and select the desired probe. Then, press Connect. Next, go to the Probe control tab and open it. Start video streaming by pressing the Play button. [2]
3.2.1. Talent at computer
3.2.2. *To be supplied by authors SCREEN: (Authors: Please begin with the software open. Pause for a few seconds before following the described actions. Proceed at a pace to allow viewers to understand what you are doing. Upload the file to your project site.)  see Nextcloud “57823_3.2.2.mp4”
3.3. Fix the probe to a tripod and perform the following steps for each measurement. [1] Work with the probe and spray ethanol in the measurement gap. Carefully wipe any dust or dirt away with optical paper. [2] At the computer, use Live View to check that the glass of the sensor is free of particles. [3] Next, place a dry optical paper in the measurement gap for focusing. Turn the binding screw to move the focus manually.[4-TXT] 
Talent with probe, attaching it to a tripod and preparing for next steps 
3.3.1. The probe as the measurement gap is sprayed. After a pause, the gap being wiped with optical paper. This might be two shots
3.3.2. LAB MEDIA: Two images. One of an acceptable and another of an unacceptable sensor view.  (Authors: Please provide these two images separately. Be certain to name the files to indicate which is the acceptable image. Upload the file to your project site.) Video editor: Please show these images together. Possibly highlight the acceptable image.  see Nextcloud “57823_3.3.2_acceptable_sensor_view.PNG” AND “57823_3.3.2_unacceptable_sensor_view.PNG”
3.3.3. The probe with optical paper in the measurement gap. 
3.3.4. After a pause, the binding screw being turned. This might be two shots. [TEXT: Adjust the stroboscopic intensity for viewing]
3.4. Stop focusing when single fibers of the paper in the measurement gap are clearly seen. [1] Now, get a tube filled with culture broth. Dip the microscope in the broth so the gap is fully covered with cell suspension. [2] Use the binding screws to fine tune the focus on the cells. [3] Once this focusing is done, do not change it again during the experiment. [4]
3.4.1. LAB MEDIA: fibers coming into focus (Authors: Please provide either video of fibers coming into focus or a still of fibers in focus. Upload the file to your project site.) –> see Nextcloud “57823_3.4.1.mp4”
3.4.2. Talent putting tube into position. After a pause the probe being lowered into the broth. This may be two shots. 
3.4.3. The probe as its screws are adjusted to focus 
3.4.4. LAB MEDIA: cells coming into focus (Authors: Please provide either video of cells coming into focus or a still of cells in focus. Upload the file to your project site.)  see Nextcloud “57823_3.4.3.mp4”
3.5. Return to the software for the experiment. [1] Go to the Triggering menu. From there, go to the Frames per trigger field and set it as necessary for good statistics, here about 200. Also under the Triggering menu set the Frame rate. 1 Hertz is recommended for off-line measurements. Go to the General menu. There, select the directory in which the images will be saved. Begin image acquisition with the Start image trigger acquisition button. [2-TXT] Gently move the tube to induce flow in the measurement gap. [3]
3.5.1. MED: Talent at the computer
3.5.2. *To be supplied by authors SCREEN: (Authors: Pause for a few seconds before following the described actions. Proceed at a pace to allow viewers to understand what you are doing. Upload the file to your project site.)[TEXT: See the text protocol for details on settings] Video editor: Please show the text overlay during “...and set it as necessary….measurements.”  see Nextcloud “57823_3.5.2.mp4”
3.5.3. The tube with the sample and probe being manipulated 

4. Particle Identification
4.1. Use the images from the first run of the experiment as a training set. [1] Have the open-source software “Fiji” ready and drop the images from the experiment into its window. When done, select Analyze followed by Tools and then ROI Manager. Next, choose a selection tool. [2-TXT]
4.1.1. Talent at computer
4.1.2. *To be supplied by authors SCREEN:  (Authors: Pause for a few seconds before following the described actions. Proceed at a pace to allow viewers to understand what you are doing. Upload the file to your project site.) [TEXT: Fiji is available at fiji.sc]  Video editor: The text overlay would be best during the first sentence	Comment by Anna Maria Marba: This part was filmed during the filming day by Caro and Felicitas.
4.2. In the image, decide on a particle to annotate that is in focus. Draw a circle around it with the selection tool. Next, select a Brush tool and choose an appropriate pixel size. Use the Brush tool to refine the selection. Press Add to add the annotation to the ROI Manager. [1] Continue marking all objects of interest in the same way on about 15 images. Save the annotated files and use them as a training set. [2-TXT]
4.2.1. *To be supplied by authors SCREEN: 4.2.1_Image_Annotation.mp4 Video editor: This may require fading in and out of the provided video. Please show the initial selection, at least the results of the refinement with the Brush tool, and the addition of the annotation.  see Nextcloud “57823_4.2.1.mp4”
4.2.2. [bookmark: _GoBack]LAB MEDIA: 4.2.2_Image fully annotated with ImageJ.mp4 [TEXT: See text protocol for training steps] Video editor: Use segments or individual frames of the video for this shot  see Nextcloud “57823_4.2.2.mp4”
4.3. When the recognition algorithm is trained and ready, use it to visualize results. [1]  In the Results analyzer, go to File followed by Import file. There, select the desired results file. Continue by going to Chart, then Create chart. Select Distribution chart. This will display the morphological distribution of the culture. Return to Chart and Create chart to select Sensitivity plot. The information displayed can help determine how many cells must be analyzed to obtain the desired accuracy. [2]
4.3.1. Talent working at the computer 
4.3.2. *To be supplied by authors SCREEN: (Authors: Pause for a few seconds before following the described actions. Proceed at a pace to allow viewers to understand what you are doing. Upload the file to your project site.)  see Nextcloud “57823_4.3.2.mp4”	Comment by Emmerich: We will have the recommended video capturing program on the computer on the filming day.
5. On-Line (By-pass) Measurement
5.1. Perform on-line measurements after completing off-line measurements. [1-TXT] For on-line measurements, connect the probe directly to a bioreactor. [2]. Once connected, properly sterilize the assembly.[3]
5.1.1. Talent at bench with equipment for experiment [TEXT: Use saved settings from the off-line experiment]
5.1.2. Talent connecting the probe to the bioreactor
5.1.3. Talent sterilizing the equipment
5.2. [bookmark: _Hlk532985441]Select Monitoring in the Dashboard. There is a Play button to start image acquisition and a Stop button to end it. Press the Play button. [1]. 
5.2.1. *To be supplied by authors SCREEN: Authors: Please provide video of the screen of the user interface to demonstrate these steps. Include enough recording after the play button is pushed to show representative activity on the monitor. Upload the file to your project site.  @Jörn: please upload to the Nextcloud
5.3. At the bioreactor, begin inoculation of the culture. [1] The camera will capture video of the cells and automatically identify them for analysis until imagedata acquisition is ended by pushing the Stop button. [2] 
5.3.1. Talent starting inoculation 
5.3.2. LAB MEDIA: Authors: Please provide a sequence of still images, each a separate file, taken over the course of an experiment with S. cerevisiae. Be sure to indicate in the file name for each the time (rounded to an hour or half-hour) after the start of the experiment. Upload the file to your project site.  Video editor: Please display these files to emphasize they were taken over time. Label each image with the time associated with it, which should be in the file name.  @Jörn: please upload to the Nextcloud
6. Results: Cumulative Single-cell Size Distribution of S. Cerevisiae 
6.1. This plot of cumulative distributions of S. Cerevisiae cell diameter is created from data analyzed using the technique.  It demonstrates that automatic cell recognition is able to distinguish budding and non-budding cells. [1-LM] The solid curve is the distribution during a cultivation at 3 hours. [2-LM] The dotted curve is the distribution of the same cultivation at 7 hours. [3-LM] The dashed curve represents data collected at 13 hours. [4-LM]
6.1.1. LAB MEDIA: Figure7.TIF
6.1.2. LAB MEDIA: Figure7.TIF Video editor: Please call attention to the solid line. If possible, associate the text “3 hours” with it and have it remain for the duration of this step.  @Jörn: please upload to the Nextcloud
6.1.3. LAB MEDIA: Figure7.TIF Video editor: Please call attention to the dotted (middle) curve. If possible, associate the text ‘7 hours” with it and have remain for the duration of this step.  @Jörn: please upload to the Nextcloud
6.1.4. LAB MEDIA: Figure7.TIF Video editor: Please call attention to the dashed (upper) curve. If possible, associate the text “13 hours” with the curve and have it remain for the duration of the step.  @Jörn: please upload to the Nextcloud

7. Conclusion (said by authors on camera)

Authors: Please add the names of the people who will say these lines. In addition, you or the videograhper should update the Interview Summary.
7.1. Jörn EmmerichThomas Glatzel: While attempting this procedure, it is important to remember that although the annotation procedure is time consuming, it is the key for achieving the desired accuracy of the cell identification.
7.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
7.2. Stefan Junne: With this procedure, if the measurement time is shorter than the process dynamics, the real-time measurements are able to be used for process control.
7.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
7.3. Anna-Maria Marbà-Ardébol: This technique paves the way for using the measurement of population heterogeneity as a process parameter in microbial cultivations, from the early process development steps production scale.
7.3.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
   

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.
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