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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) N 

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.) 2.4, 3.5, 4.3, 5.1 
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.) 4.3 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 3 sites: sites 1 and 2 are 200m from each other, site 3 is at the Australian Synchrotron 2km away.
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 protocol is to introduce X-ray crystallography methodologies applied to microcrystals, and particularly to those produced in cells, which are considered in vivo crystals. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Fasséli Coulibaly: The main advantage of this approach is that it provides a simple and efficient process to produce, detect and analyze microcrystals. 
1.2. Fasséli Coulibaly: This method aims to facilitate the understanding of microcrystallography by analysis of crystals grown in cells without complex purification steps and empirical crystallization trials. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Marion Boudes: In this video we will be focusing on sample preparation and manipulation for X-ray diffraction experiments at a synchrotron beamline, which are the steps that differ most from classical crystallography.   

1.4. Damià Garriga: In this demonstration we will use crystals of the viral polyhedrin protein produced in insect cells, but these methods can also be applied to proteins that form crystals in bacterial, yeast, insect or mammalian cells. 
Protocol: (read by voice talent at JoVE)
2. Identification of Crystal-containing Cells

2.1. First, incubate 30 milliliters of Sf9 (pronounced S-f-nine) cells over-expressing the cypovirus polyhedrin protein for 3 days at 27 degrees Celsius on a rotating platform [1-WIDE/MED].
2.1.1. Talent approaches incubator and places flasks containing the Sf9 cells inside. 
2.2. Transfer 500 microliters of Sf9 cell culture into a microcentrifuge tube using a sterile serological pipette, taking care to ensure that the sterility of the main culture is maintained by using a Class II biosafety cabinet and following standard aseptic techniques [1-MED]. 

2.2.1. *Film as written. 
2.3. Pipet 5 microliters of cells from the microcentrifuge tube onto a glass slide [1-CU]. Then, gently angle a glass coverslip over the sample with one edge touching the drop and carefully lower the cover slip onto the liquid, avoiding the formation of air bubbles [2-CU-TXT].

2.3.1. *Film as written. Filmed as CU.
2.3.2. *Film as written. TEXT: Seal slide if not visualized within 15 min.  
2.4. Next, image the slide with an inverted microscope [1-MED]. Carefully examine the cells, starting at 200X magnification and zooming in at maximal magnification when detecting a potential crystal [2-MED-over the shoulder-TXT]. Look for sharp edges and changes in refractivity [3-LM-TXT]. 
2.4.1. Talent places slide under microscope.  
2.4.2. Talent adjusts the brightness and focus on the microscope and looks at the cells through the microscope. TEXT: Adjust phase contrast to enhance contrast between cells and crystals.
2.4.3. *To be submitted by Author.  TEXT: See Figure 1 and Table 1 for in vivo crystals.  
2.5. If crystals are identified, examine the culture daily to monitor crystal growth by repeating the previous steps [1-MED]. 
2.5.1. Talent places slide under microscope and looks at the cells through the microscope. 
2.6. For Sf9 cells, harvest by transferring the culture to a centrifuge tube [1-MED-over the shoulder]. Place the tube on ice and proceed to the next step as soon as possible [2-MED]. 
2.6.1. *Film as written.
2.6.2. Talent places the tube on ice.

3. Purification of Crystal-containing Cells
3.1. For isolation of crystal-containing cells, pipet 4 milliliters of infected Sf9 cells in a tube adapted to flow-cytometry analysis [1-MED-over the shoulder-TXT]. Prepare a second tube with an equivalent number of Sf9 cells infected with a non-recombinant baculovirus as a control [2-MED].   
3.1.1. *Film as written. TEXT: ~8.106 cells/mL. (Video Editor: overlay should appear at mention of “4 milliliters of infected Sf9 cells”).

3.1.2. *Film as written. 
3.2. Next, add propidium iodide to both samples to a final concentration of 1 microgram per milliliter just prior to flow cytometric evaluation [1-MED-over the shoulder]. 
3.2.1. *Film as written.
3.3. Now, apply control sample cells to a standard flow cytometer capable of cell sorting according to FSC and SSC [1-MED-TXT]. 
3.3.1. Talent places the tube in the tube holder of the flow cytometer, where the sorted cell stream is being collected TEXT: FSC: forward-scattering, SSC: side-scattering.
3.4. Analyze at least 20,000 events. After discarding dead cells, cell clumps and debris from the analysis, generate the FSC to SSC plot [1-SCREEN]. 
3.4.1. SCREEN: *To be submitted by Author, 55793_Coulibaly_SCREEN_3.4.1. The following actions are performed in the software: click on “acquire” and “record” on the Acquisition Dashboard toolbar. Click on “record” and “acquire” again. Click on the Polygon Gate button on the Worksheet toolbar. Click on every vertex until population is completely encompassed by the gate. Rename the gate on the Inspector panel. Click on the FSC area vs. PI plot. Click on the appropriate display button icon on the Gate Hierarchy panel. Select the single cells population on the Worksheet toolbar. Click on the Polygon Gate button on the Worksheet toolbar. Click on every vertex until the population is completely encompassed by the gate. Click on and drag a vertex to adjust the gate. Rename the gate on the Inspector panel.
3.5. Following this, analyze at least 20,000 events of the crystal-containing sample. Compare the FSC to SSC plot with the control and look for the appearance of a distinct population corresponding to crystal-containing cells [1-SCREEN].  
3.5.1. SCREEN: *To be submitted by Author, 55793_Coulibaly_SCREEN_3.5.1. The following actions are performed in the software: Rename the file on the Data Sources panel. Click on “acquire” and “record” in the Acquisition Dashboard toolbar. Click on and drag the gates. Click on “record” in the Acquisition Dashboard toolbar. Click on the bottom left plot. Select the appropriate source on the Inspector panel to load the FSC vs. SSC plot for the control sample for comparison.
3.6. Define the gates around the crystal-containing cell population usually appearing at higher SSC or FSC [1-SCREEN]. 
3.6.1. SCREEN: *To be submitted by Author, 55793_Coulibaly_SCREEN_3.6.1. The following actions are performed in the software: click on the Rectangle Gate button on the Worksheet toolbar. Click on the control FSC vs. SSC plot and drag diagonally to define the gate (this will show in both control and sample FSC vs. SSC plots). Click on and drag the gate to adjust the position. Rename the gate on the Inspector panel.

3.7. Using this gating, sort about 150,000 to 200,000 of the crystal-containing cells into a 1.5 milliliter microcentrifuge tube prefilled with 50 microliters of PBS buffer [1-MED-over the shoulder] [1-CU].  
3.7.1. What was filmed was the collection tube, already placed on the holder, receiving the stream of sorted cells. [ECU]
3.7.2. Because the stream is so thin that is almost invisible for the camera, an alternative shot was also recorded filming a monitor displaying live images from the sorter camera (in black and white), which shows the stream of cells being directed into the collection tube. The quality of this shot might not be good enough for the final video, though. Editor – if this looks okay please use to cover part or all of 3.7
3.8. Image the sorted samples by light microscopy as previously described to confirm which population is associated with crystal-containing cells [1-LM].  
3.8.1. *To be submitted by Author.
3.9. Marion Boudes: At this stage, cells can be incubated with heavy atom solutions if experimental phasing is required. This approach follows screening of various compounds and incubation times as described in the text and in excellent reviews. 
3.9.1. Talent speaks toward the camera, interview style. TEXT: Joyce et al. Acta Crystallogr., Sect D 66, 358-365 (2014).
4. Sample Preparation for Data Collection

4.1. Set up the tools for mounting the sample by first attaching a micromesh mounted on a pin to the end of a magnetic wand [1-CU-TXT]. Place the wand sideways into the cleft of a dialysis float buoy [2-CU]. Then, pick up a paper wick with a pair of tweezers and lock them [3-CU] Double-check the setup is complete before proceeding [4-MED].
4.1.1. *Film as written. TEXT: 700-µm with 25-µm Square holes. (Video Editor: overlay should appear at mention of “micromesh”).
4.1.2. *Film as written.
4.1.3. *Film as written. 

4.1.4. General view of the set up. This view contributes important information of the set up, and should be included in the video at the end of the step.
4.2. Now, mix the cells with an equal volume of 0.4 percent trypan blue solution to a final concentration of 0.2 percent [1-MED].
4.2.1. *Film as written.

4.3. After resuspending the cells, pipet 0.5 microliters of the sorted cells onto the micromesh [1-MED]. [2-CU]. 
4.3.1. *Film as written. 
4.3.2. *Film as written. Not filmed. This second shot was removed as it is redundant with the following step.
4.4. After allowing the cells to deposit on the micromesh surface, remove most of the excess liquid by blotting with a paper wick [1-CU].
4.4.1. *Film as written.

4.5. If the micromesh is not sufficiently blotted, the cells will be at different depths within the excess liquid, which will complicate their alignment to the X-ray beam at the synchrotron. In addition, the excess liquid will increase the background X-ray scattering [1-LM]. 
4.5.1. *To be submitted by Author (this will illustrate both sentences in step 4.5).
4.6. If the micromesh is blotted in excess, the liquid will be completely removed and the sample will not be held in the grid openings [1-LM]. 
4.6.1. *To be submitted by Author.
4.7. With optimal blotting, only a thin layer of liquid remains on the micromesh, protecting the sample and forcing it into the grid openings [1-LM]. 
4.7.1. *To be submitted by Author.
4.8. Damià Garriga: Sometimes crystals will require a cryoprotectant. This is not required in our case but the procedure would be the same as the initial pipetting of cells and blotting. Ensure that only a thin film of liquid remains after blotting. 
4.8.1. Talent speaks toward the camera, interview style.
4.9. Immediately flash-cool the micromesh in liquid nitrogen and transfer it to a robot puck for transport to a synchrotron microfocus beamline [1-MED-TXT].  
4.9.1. *Film as written. TEXT: Place robot puck in dry shipper for transport. 

5. Data Collection

5.1. Due to the small size of in vivo crystals, collect diffraction data on a microfocus crystallography beamline. First, mount the micromesh on the goniometer [1-LM-TXT].  
5.1.1. *To be submitted by Author (will illustrate both sentences in step 5.1). TEXT: List of beamlines in Boudes et al, Aust. J. Chem. 67, 1793-1806 (2014). (Video Editor: overlay should appear during first sentence).
5.2. Now, start by centering the micromesh with the beam path using the face-on and side-on orientations. With the micromesh face-on, fine-tune the alignment by aligning the center of one of the horizontal lanes of the micromesh [1-LM]. 
5.2.1. *To be submitted by Author (will illustrate both sentences in step 5.2).
5.3. Collect data along this horizontal lane with only minor readjustments to the alignment [1-LM]. 
5.3.1. *To be submitted by Author.
5.4. Once all the crystals of the lane have been tested, proceed to the next lane and repeat the alignment procedure. Make sure that the lanes that have been processed are clearly identified so that crystals are not missed or shot twice, using the trypan blue color change as a guide [1-LM-TXT]. 
5.4.1. *To be submitted by Author (will illustrate both sentences in step 5.4). TEXT: Trypan blue turns yellow after irradiation. 

6. Results: Structure Determination of In Vivo Protein Microcrystals 
6.1. An overview of both methods for structure determination using in vivo microcrystals is presented [1-LM]. The top row describes the classical approach involving purification of crystals from cells, while the bottom row shows the in cellulo crystallography approach that keeps the crystals in the host cells for data collection [2-LM]. 
6.1.1. 55793fig1.jpg, 55793fig1large.jpg, Fig1_161122_scheme.tif
6.1.2. 55793fig1.jpg, 55793fig1large.jpg, Fig1_161122_scheme.tif: Highlight or point to the top row for first part of sentence and the bottom row for second part of sentence.
6.2. For the in cellulo approach, the flow cytometry profile of non-infected cells is compared with the profile of crystal-containing cells and used to determine which cell population should be selected to sort crystal-containing cells away from the other cells [1-LM]. In this example, cells containing polyhedra have a higher side-scattering than non-infected cells [2-LM]. 

6.2.1. 55793fig4.jpg, 55793fig4large.jpg, 4.tif: Show figures a and b. Highlight or point to figure a at mention of “the flow cytometry profile of non-infected cells” and highlight or point to figure b at mention of “the profile of crystal-containing cells”.
6.2.2. 55793fig4.jpg, 55793fig4large.jpg, 4.tif: Zoom into figure b and make red square appear. Then make figure c appear from or next to figure b.
6.3. Cells stained with trypan blue can be easily visualized using cameras available at most synchrotron beamlines, while purified crystals are laborious to identify and align with the X-ray beam due to their small size [1-LM]. When collecting data, it is best to proceed in a grid pattern in order to minimize centering procedures and avoid exposing the same cell or crystal twice, or missing cells and crystals [2-LM]. 
6.3.1. 55793fig5.jpg, 55793fig5large.jpg, 5.tif: Show figures b and c. Make black arrow in figure b appear at mention of “cells stained with trypan blue can be easily visualized using cameras available at most synchrotron beamlines” and make black arrow in figure c appear at mention of “purified crystals are laborious to identify and align with the X-ray beam due to their small size”. 
6.3.2. 55793fig5.jpg, 55793fig5large.jpg, 5.tif: With figures b and c on the screen, make figure a appear and make red dots appear followed by arrows that appear from the dots to the end of each lane. If the visualization is not clear, only show figure a with the described animation.
7. Conclusion (said by authors on camera)
7.1. Marion Boudes: Once mastered, this workflow takes approximately half a day from harvest of the crystal-containing cells to data collection if it is performed properly.

7.2. Marion Boudes: This procedure is compatible with heavy atom soaks for experimental phasing. In the case of the polyhedrin, a de novo structure was obtained in 8 days from the start of protein expression.

7.3. Damià Garriga: Don't forget that working with liquid nitrogen can be extremely hazardous and precautions against burns and suffocation 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.
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