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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  
Can you record movies/images using your own microscope camera? (Y/N)____Y_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 
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.) _________2.1, 3.1-3.4, 4.2_________________________________
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.) ______Steps 1 and 2_____________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? ____They are within 200 ft. of each other. One location will be on the second floor and the other in the sub-basement in adjacent buildings_______________________________________________

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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to demonstrate the detection of microorganisms at very low levels using digital holographic microscopy. This technique is more sensitive than traditional light microscopy and provides real-time information about bacterial behaviors. (Intro-TXT)
Text: DHM: digital holographic microscope

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Manuel Bedrossian: This method can help answer key questions in the biological and cosmological fields, such as searching for pathogenic organisms in water or life within our solar system in icy moons. 
1.2. Casey Barr: The main advantage of this technique is that DHM is a volumetric technique, which means we can capture 3D information on our sample instantaneously without any need to physically refocus.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jay Nadeau: The implications of this technique extend toward the diagnosis of bloodstream or cerebrospinal fluid infections because of the ability to detect infections in low bacteria concentrations. 


Protocol: (read by voice talent at JoVE)
2. Growth and Enumeration of Bacteria
2.1. [bookmark: _GoBack]To begin this procedure, on the day of the experiment, take a spectrophotometric reading of the bacterial Master culture, which is expected to be in the range of 0.6 [1-MED-over the shoulder]. Then, take a sample of the Master culture [2-MED] and count the cells directly using a Petroff-Hausser counting chamber to enumerate both live and dead cells [3-SCREEN].
2.1.1. Talent taking a spectrophotometric reading of the bacterial culture and shows that the reading is 0.6 range
2.1.2. Talent places the sample in the counting chamber
2.1.3. *To be submitted by authors. Show the enumeration of live and dead cells
2.2. Transfer a 10 μL sample of the undiluted culture with a micropipette to the chamber [1-MED]. Image it under a high-dry objective microscope using phase contrast [2-SCREEN-TXT].
2.2.1. *Film as written
2.2.2. *To be submitted by authors. Show that the sample is imaged using phase contrast. Text: 40X or 63X, NA 0.7-0.8
2.3. Subsequently, count the bacteria in at least 20 squares and average them [1-SCREEN]. Calculate the concentration as the average of 20 squares times the dilution factor [2-SCREEN]. 
2.3.1. *To be submitted by authors. Show the counting of the bacteria in at least 20 squares and then averaged
2.3.2. *To be submitted by authors. Show that the calculation of the average of 20 squares times the dilution factor
2.4. To enumerate only live cells, make a serial dilution of each of the selected bacterial samples with sterile 0.9% saline solution by transferring 20 µL of the bacterial solution to another tube and diluting it with 180 µL of saline [1-MED-over the shoulder]. [2-MED-over the shoulder]. Repeat the procedure until the lowest concentration is approximately 103 cells/mL [3-CU].   
2.4.1. Talent transferring 20 µL of the bacterial solution to another tube and diluting it with 180 µL of saline
2.4.2. Talent changes the pipette tip, mixes and transfers 20 µL of diluted bacterial solution to 180 µL of PBS
2.4.3. CU the diluted bacterial solution as 20 µL of it is transferred to 180 µL of PBSsaline
2.5. Next, take 100 µL of the samples from at least two dilutions and plate them on the appropriate solid media plates [1-MED-over the shoulder-TXT]. Spread them with a sterile spreader and perform at least 3 replicates of each dilution [2-CU]. 
2.5.1. Talent takes 100 µL of the samples and plates them on the solid media plates. Text: Suggested dilutions: 103 and 104 cells/mL
2.5.2. CU the samples as they are spread with a sterile spreader.
2.6. After that, incubate them at an appropriate temperature overnight or until the colonies grow [1-MED]. Then, count the colonies [2-CU]. Calculate the colony forming units and average it over the replicates [3-MED-over the shoulder-TXT]. 
2.6.1. Talent places the samples in the incubator
2.6.2. CU the sample as the colonies are counted and marked with a Sharpie. 
2.6.3. Talent performs the calculation by hand or on computer monitor. Text: (# of colonies x dilution factor)/volume plated= CFU/ml

3. Preparation of Highly Dilute Samples for DHM and Recording DHM Videos
3.1. In this procedure, make serial dilutions of the Master culture for DHM and post-DHM counting of CFU on lysogeny broth media plates [1-MED-over the shoulder]. Dilute the bacteria into 10-15 mL of a minimal medium that will encourage motility but inhibit cell division, so that the concentration of cells does not change appreciably during the experiment [2-CU].
3.1.1. Talent making dilutions of the Master culture 
3.1.2. CU the bacterial medium as it is diluted to about 10-15 mL
3.2. To record DHM videos, using a sterile syringe, draw in about 10 mL of the dilution of interest [1-MED-over the shoulder]. Then, connect the syringe to the DHM sample chamber using sterile fittings and tubing [2-MED]. Flow the sample from the syringe through the sample chamber continuously using a syringe pump [3-BROLL].
3.2.1. Talent draws in 10 mL of the dilution using a syringe
3.2.2. *Film as written
3.2.3. Take footage of the sample flowing from the syringe through the sample chamber continuously using a syringe pump
3.3. As the sample flows through the sample chamber, acquire holograms consecutively at an appropriate frame rate [1-SCREEN]. Allow sufficient time for the entire 10 mL of sample to flow through the DHM [2-CU].
3.3.1. *To be submitted by authors. Show that holograms are acquired consecutively at an appropriate frame rate
3.3.2. CU the sample as it flows through the DHM
3.4. To ensure that bacteria are not growing or dying during the experiments, inoculate the enriched media plates with 100 µL of the spent media post-DHM image capture by spreading it with a sterile spreader [1-MED-over the shoulder]. Then, incubate them at the appropriate temperature for 24 hours before counting the colonies [2-MED-TXT].
3.4.1. Talent spreads 100 µL of the spent media on the media plates with a spreader
3.4.2. Talent places the samples in the incubator. Text: 24 h
3.5. Casey Barr: Having accurate cell counts is essential to determine the detection limits quantitatively. It is important to make all dilutions with great care, using calibrated micropipettes, and confirm all counts by optical density, plating, and direct counting in the Petroff-Hauser chamber [1-MED].
3.5.1. Interview style
	
4. Calculation of Cell Density and Limits of Detection 
4.1. To analyze the data for bacteria presence in the acquired hologram videos, first calculate the median pixel value for a time series of holograms [1-SCREEN]. Then subtract this median value from each respective pixel to eliminate stationary artifacts in the hologram [2-SCREEN]. 
4.1.1. *To be submitted by authors. Show the calculation of the median pixel value for a time series of holograms
4.1.2. *To be submitted by authors. Show the procedure described 
4.2. After that, count the number of visible Airy rings and in-focus cells manually [1-SCREEN]. Each series of holograms will be accompanied by a time-stamp file [2-SCREEN]. Use the time-stamp file to calculate the total amount of sample pumped at the time the image was captured [3-SCREEN].
4.2.1. *To be submitted by authors. Show that the number of visible Airy rings and in-focus cells are counted
4.2.2. *To be submitted by authors. Show the time-stamp file that accompanies a series of holograms
4.2.3. *To be submitted by authors. Show the procedure described
4.3. Subsequently, calculate the cell density by dividing the total number of cells detected by the total volume of sample imaged [1-SCREEN]. Average 5-10 frames for accurate statistics [2-SCREEN].
4.3.1. *To be submitted by authors. Show the calculation of the cell density 
4.3.2. *To be submitted by authors. Show the procedure described 
 



5. Results: Growth Curves and Representative DHM Data
5.1. This plot shows the predicted cells per field of view based upon a sample volume of 365 µm x 365 µm x 1 mm [1-LM]. For concentrations where the number of cells per field of view falls below one, multiple images are required in order to achieve detection [2-LM]. 
5.1.1. *To be submitted by authors.  An image to illustrate the number of cells per field of view56343fig5large.jpg: Show figure A
5.1.2. *To be submitted by authors. An image to illustrate the number of cells per field of view falls below one
5.2. This is a DHM hologram sequence of a Serratia marcescens culture at 2100 cells/mL measured by plate count. This sequence shows one cell roughly every one to two seconds, which is an excellent fit to the prediction [1-LM]. 
5.2.1. *To be submitted by authors. An AVI video of the hologram sequence56343fig5large.jpg: Show figure B
5.3. And this is another DHM hologram sequence of a Serratia marcescens culture at 620 cells/mL measured by plate count. This sequence shows one cell roughly every six to seven seconds.  [1-LM].
5.3.1. *To be submitted by authors. An AVI video of the hologram sequence56343fig5large.jpg: Show figure C. Text: 2.0 ±0.1 x 105 cells/mL measured by Petroff-Hauser and 2.0±0.3 x 105 cells/mL as measured by plate count

6. Conclusion (said by authors on camera)
6.1. Manuel Bedrossian: Once mastered, this technique can be done in two hours if it is performed properly.
6.2. Casey Barr: While attempting this procedure, it’s important to remember to prepare healthy cell cultures and to have extra growth medium, plates, and motility medium on hand.
6.3. Jay Nadeau: Following this procedure, other methods like fluorescence staining and microscopy can be performed in order to answer additional questions like the percentage of cells that are live versus dead.
6.4. Manuel Bedrossian: After its development, this technique paved the way for researchers in the field of microbiology to explore three-dimensional motility in cultured cells and environmental samples.
6.5. Casey Barr: After watching this video, you should have a good understanding of how to enumerate bacteria using holographic microscopy and validate the results using other counting techniques.
6.6. Jay Nadeau: Don't forget that working with bacterial cultures can be extremely hazardous and appropriate biosafety precautions should always be taken while growing and handling live organisms.   


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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