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Title: Improving the success rate of protein crystallization by random microseed matrix screening
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _____Yes, light microscope – 2.4.1, 2.4.2, 2.12.2, 2.12.3 - Leica WILD MZ8 Stereomicroscope _____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___No______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.1/2.2, 2.15/2.16/2.17/2.18, 3.2, 3.6, 4.0,____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Preparation of the seed stock – one must thoroughly crush the seed material with the probe, recover as much of this material as possible, vortex with the Seed Bead, and prepare the dilution series.  The experimenter must ensure that this part of the protocol is performed precisely as described in the method and is performed in an expedient a fashion as possible.  
1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):

0.1. The overall goal of this procedure is to improve the number and diffraction quality of protein crystals obtained from a crystallization screening experiment.  (Intro).
0.2. To do this, a crystalline or precipitated material is identified from an existing protein crystallization screening experiment established using a target protein of interest (P1). 
0.3. The crystalline or precipitated material is harvested and then used to generate a crystal seed stock (P2). (Show pipette removing liquid from the coverslip in P2 then pipetting onto the test tube in P2)
0.4. Next, a series of crystallization screens is established containing both the target protein of interest and the crystal seeds (P3).  (Show pipette adding protein solution to 1st coverslip in P3, then transferring from test tube in P2 to second coverslip in P3)
0.5. Finally the seeded crystallization screens are monitored for crystal formation and any new protein crystals are characterized (P4). (Show coverslip turn upside-down and place on 24 well tray (from P4)   Then place tray on microscope.)
0.6. Ultimately the application of this procedure can result in an increase in the number, size and diffraction quality of protein crystals obtained from crystallization screening experiments (Figure1B). 
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. [Till] The main advantages of this technique over existing methods, for example traditional microseeding or marcoseeding, are that it can be performed quickly, is highly scalable, and samples significantly more crystallization space than other seeding methods.  
1.1.1. Interview style
1.2. [Till]:  Another advantage of this technique is that it does not require the use of high quality crystalline starting material for seed stock production. 
1.3. [Robson]: Generally, individuals new to this method will struggle, because a significant degree of manual dexterity is required during the crystal harvesting and manipulation steps.
1.3.1. Interview style
1.4. [Byrne]: Visual demonstration of this method is critical, as random matrix microseeding deviates significantly from other crystal seeding methods. 
1.4.1. Interview style
1.5. [Byrne]: The subtleties of the rMMS method are key to its success and a number of these are challenging to accurately communicate in text form only. 
1.5.1. Interview style 
Protocol (read by voice talent at JoVE):

2. Preparation of the Seed Stock

2.0. Begin this procedure with a seeded-crystallization tray.    Using a binocular microscope or crystal imaging system, inspect the tray each day for the first week, then once a week thereafter.  Make a note of crystal size.  
2.0.1. MED:  Talent places a seeded tray on the stage of a microscope and looks through the eye pieces.
2.1. As soon as there is no evidence of further growth, select one or more appropriate wells from the tray from which to harvest crystalline material for seed stock generation.   
2.1.1. SCOPE: view as talent scans wells
2.2. Any material can be used including fine needles, spherulites, microcrystals and irregular, poorly formed crystals. Older material is more likely to be partially cross-linked, and is less suitable for use in seeding experiments.  (Text overlay:  If in doubt use UV fluorescence or in-situ x-ray diffraction analysis to check crystals)

2.2.1. LAB MEDIA:  50548_Race_Crystal examples  
2.3. On the day of harvest, use a Bunsen flame to make a rounded probe from a glass Pasteur pipette.
2.3.1. MED:  Talent, at bench, lights a Bunsen burner

  

2.4. To do this, heat the pipette near the middle until it becomes soft, then quickly remove it from the flame and draw it out by pulling the ends apart. Aim to pull the glass down to a diameter of less than 0.25 mm. 

2.4.1. CU:  Talent heats the pipette in the middle until it becomes soft, then quickly removes it from the flame and draws it out.

2.4.2. ECU:  Talent holds the pulled pipette up to a ruler/scale to demonstrate the diameter above

2.5. At the point where it is about 0.25 mm, break the glass and briefly plunge the broken end into the flame. Repeat this process until a hemisphere of glass is formed on the end with a diameter of approximately 0.75 mm. 

2.5.1. CU:  Talent breaks the glass and plunges the end of the glass into the flame

2.5.2. MED:  Talent repeats this process 

2.5.3. ECU:  Show the hemisphere of glass formed on the end with a ruler/scale 

2.6. Place a 1.5 ml microcentrifuge tube containing a Seed Bead on ice. 

2.6.1. CU:  Talent places microfuge tube on ice
2.7. Next, open the selected crystallization tray well. For 24-well hanging drop trays, use a pair of tweezers to remove the coverslip.  Then, invert the coverslip and place it on a stable clean surface. 
2.7.1. CU:  Talent uses tweezers to remove coverslip and place on clean lab bench
2.7B.   For 96-well sitting drop trays, use a scalpel to cut around the plastic sealing film on the top of the selected well, then remove the excised portion of the sealing film using a pair of tweezers. 

2.7.1B. CU. Talent cuts around sealing film on a 96 well tray then removes excised portion using a pair of tweezers.

2.8. Remove 50 µl of the reservoir solution and transfer this liquid to the microcentrifuge tube containing the Seed Bead, ensuring that the tube remains on ice throughout. 

2.8.1. CU:  Talent removes 50 µL of reservoir solution 

2.8.2. MED:  Talent and transfers it to the microcentrifuge tube with the Seed Bead on ice

2.9. “The single most difficult aspect of this procedure is preparation of the seed stock. It’s important to perform this precisely as described and as quickly as possible.  Take care to thoroughly crush the seed material with the probe and recover as much as you can. “
2.9.1. MED:  Talent looks up from the microscope and says the above line.
2.10. While viewing the sample under a microscope, use the glass probe prepared earlier to thoroughly crush the crystals on the coverslip drops.  

2.10.1. MED:  Talent looking in microscope eye pieces and begins crushing crystals with glass probe

2.10.2. SCOPE:  Talent crushes crystals on coverslip

2.11. Small crystals may take several minutes to crush thoroughly. Crystals that are easy to crush are not cross-linked, and are not salt crystals, while salt crystals produce a distinctive click that can be heard and felt when they are crushed.   
2.11.1. USE 2.10.2 talent crushing crystals with glass probe

2.12. Next, remove 5 μl of the reservoir solution from the Seed Bead tube and transfer to the equivalent sub-well for a sitting drop experiment, or coverslip for a hanging drop experiment, containing the crystalline material to be harvested. 
2.12.1. CU: Talent removes 5 µL of reservoir solution from Seed Bead tube
2.12.2. CU:  Talent transfers to sub-well

2.12.3. CU:  Talent transfers to coverslip

2.13. Pipette this liquid up and down 5-6 times to resuspend as much of the sub-well or coverslip contents as possible. Return the suspension to the Seed Bead tube and repeat this step twice more, ensuring that as much crystalline material is harvested as possible.
2.13.1. MED:  Talent pipettes up and down 5-6 times
2.13.2. CU:  Talent returns suspension to seed bead tube
2.13.3. CU:  Talent repeats the step- transferring liquid to subwell, pipetting up and down and then back to tube

2.14. Vortex the Seed Bead for two minutes, stopping every 30 seconds to cool the tube on ice. 

2.14.1. MED:  Talent vortexes bead

2.14.2. CU:  Talent places tube on ice

2.14.3. CU:  Talent vortexes again

2.15. In 1.5 mL tubes containing reservoir solution, make a dilution series to archive, diluting the seed stock in reservoir solution by a factor of 4 to 10 at each stage. 

2.15.1.  MED:  Talent prepares a dilution series (30 sec of footage needed)
2.16. If the seed stock and dilutions will not be used immediately, place 10-20µL aliquots in a  -20oC, or -80oC freezer for storage. Once frozen, the seed stocks may be kept indefinitely until needed.
2.16.1. MED:  Talent places aliquots in a freezer
3. Establishment of Crystallization Trays 
3.0. rMMS crystallization screening can be performed using either 24-well trays employing the hanging drop vapor diffusion method, or 96-well trays using the sitting drop vapor diffusion method. 
3.0.1. LAB MEDIA: 50548_Race_HangingSittingdrop  
3.1.  (Text overlay: 24-well hanging drop) To perform rMMS screening in 24-well hanging drop trays, use a pipette to manually transfer 300 μl of each condition from a 96 condition crystallization screen in 10 ml single tube format to each well of four 24-well pre-greased crystallization trays. 

3.1.1. CU:  Talent transfers 300µL from 10 mL tube to each well of a 24 well plate.

3.1.2. MED:  Talent transfers from 10 mL tube to last well of 24 well plate, 3 other “finished” plates are seen in background.

3.2. From each 300 μl reservoir, transfer 1 μl of each crystallization condition to the surface of a corresponding plastic coverslip from which both front and rear protective backing strips have been removed. 

3.2.1. ECU:  Talent transfers 1 µL of crystallization condition from 300 µL reservoir onto surface of corresponding plastic coverslip.

3.3. To the 1 μl on the coverslip, add 1 μl of protein solution, then 0.5 μl of crystal seed stock. In the first round of rMMS, it is important not use the diluted the seed stock solution, since the greater the concentration of seeds the more crystallization hits will be obtained.  
3.3.1. CU:  Talent adds protein solution and then crystal seed stock.  (Do 2 takes)
3.4. Invert each coverslip such that the drop of liquid is downward facing and position above the appropriate well. Press downwards on the coverslip, compressing the sealing grease and forming a secure seal.

3.4.1. CU: Talent then inverts each coverslip over the well and presses down on coverslip compressing sealing grease (Trays are purchased pre-greased)
3.5. Once all 96 drops are established, transfer the tray to either an incubator at 4-18°C or constant temperature room for storage. 
3.5.1. MED:  Talent transfers the tray to incubator

3.6. (Text overlay: 96-well sitting drop) To perform rMMS screening in 96-well sitting drop trays, use a crystallization robot or an 8 channel pipette to transfer 20-50 μl of each condition from a 96 condition crystallization screen in deep well block format into each corresponding well of the crystallization tray.
3.6.1. MED:  Robot transfers to crystallization screens to crystallization tray
3.7. Next, transfer, 1.0 μl protein solution, 1.0 μl crystallization condition, and 0.5 μl seed stock to the drops. (Text overlay: See accompanying document for details and tips on using robot for this step)
3.7.1. MED:  Talent manually transfers solutions to drops

3.8. Seal the tray using a transparent sealing sheet and transfer it to an incubator at 4-18°C or constant temperature room for storage.   

3.8.1. MED:  Talent seals tray

3.8.2. MED:  Talent transfers trays to incubator

4. Inspection of Crystallization Trays
4.0. Experiments should be inspected once every 24 hours for 5 days following establishment and then subsequently once every 7 days for up to 4 weeks using a binocular microscope or a crystal imaging system.
4.0.1. MED:  Talent inspects results 

4.1. Inspect each sub-well or coverslip in sequence and record any evidence of crystal formation. 

4.1.1. SCOPE:  view of crystal through scope

4.2. Compare the results from rMMS screening experiments with those from non-seeded screens and record any differences observed. Multiple cycles of rMMS are often required before optimal diffraction quality crystals are produced.  
4.2.1. MED:  Talent seated at computer, compares data
4.3. For additional cycles, use the archived diluted seed stocks as needed to control the number of crystals per well.
4.3.1. MED:  Talent removes archived diluted seed stocks from freezer

4.3.2. USE shot 3.3.1 talent adds seed stock to coverslip

5. Representative rMMS experiment

5.0. To demonstrate the effectiveness of rMMS screening methods were applied to the crystallization of hen egg white lysozyme and bovine liver catalase. 

5.0.1. LAB MEDIA: 50548_Race_Figure 1B
5.1. For each protein three 96-condition crystallization screens were used; JCSG, PACT and Morpheus. Then, after five days a single condition from each tray that was found to support the growth of crystalline material was selected and used for seed stock generation.
5.1.1. LAB MEDIA: 50548_Race_Figure 1B (Editor, highlight JCSG, PACT, and Morpheus as they are mentioned)
5.2. After five days the crystallization trays were inspected and the number of drops with crystals was recorded. This figure summarizes the results from this experiment and provides quantitative analysis. 
5.2.1. LAB MEDIA: 50548_Race_Figure 1 (Highlight the Y axis)
5.3. For hen egg white lysozyme a 4 to 10-fold increase in crystallization success rate, as compared to non-seeded trays, was observed when rMMS was applied to this protein. 
5.3.1. LAB MEDIA: 50548_Race_Figure 1 (Highlight Hen egg white lysozyme data)
5.4. Notably for bovine liver catalase only a single condition in the Morpheus screen was found to yield crystals as compared to 55 conditions identified following the use of rMMS. 
5.4.1. LAB MEDIA: 50548_Race_Figure 1  (Highlight Bovine liver catalase, then use an arrow to point to the blue column in the Morpheus part of the graph)
5.5. Further, there was a 3 and 2-fold increase in the success rate in bovine liver catalase crystallization using JCSG and PACT screens respectively.  
5.5.1. LAB MEDIA: 50548_Race_Figure 1 (Arrows to JCSG  and PACT)
5.6. In all cases and irrespective of the crystallization screen used rMMS screening yielded a significantly greater total number of crystals than non-rMMS screening.  
5.6.1. LAB MEDIA: 50548_Race_Figure 1

5.7. We conclude that rMMS is a simple yet powerful approach which can significantly increase the success rate of protein crystallization screening experiments. 
5.7.1. LAB MEDIA: 50548_Race_Figure 1

6. Conclusion (said by authors on camera)
6.0. [Robson]: After watching this video, you should have a good understanding of how to perform a random microseed matrix screening experiment, from the identification and harvesting of crystalline material, through the preparation of a crystal seed stock, and finally the establishment of seeded crystallization screens. 
6.0.1. Interview style
6.1.  [Till]: Once mastered, this technique can be done in less than 1 hour for random matrix microseeding screening experiments performed using a liquid handling robot, or in around 3 hours for random matrix microseeding screening experiments experiments performed by hand.
6.1.1. Interview style
6.2. [Byrne]: While attempting this procedure, it is important to ensure that all seeded crystallization screens are toughly sealed prior to storage.
6.2.1. Interview style
Provided Media
50548_Race_SchematicOverview

50548_Race_Figure 1B
50548_Race_Crystal examples   (including fine needles, spherulites, microcrystals and irregular, poorly formed crystals)

50548_Race_HangingSittingdrop  (Authors, can you provide an illustration similar to the one below?)




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.

( 2010, Journal of Visualized Experiments


