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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __No_______ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______Sol-gel formulation, printing of materials, nanovolume fluorescence assays, image analysis and interpretation____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____Printing of sol-gel materials without pin clogging – this is one of the criteria built into the screening process_________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to identify new sol-gel based materials for microarray fabrication and to use these for nanovolume enzyme assays. (Intro)
This is accomplished by first identifying materials that have sufficiently long gelation times to avoid gelling in the microarray-printing pin during the printing process. (P1: Show a number of vials on the screen and with the words “long gelation times” tip the vials to the side and have a few of the fluids gel and one not gel.  Put an X through the ones that gel.)
The second step is to assess materials with long gelation times for their ability to print as micro-arrays, reproducibility, resistance to cracking, adhesion quality, undesirable phase separation, and ultimately high activity for entrapped enzymes. (P2: Show the arm in the plate moving back and forth from the plate to the slide with the blue dots.  As it does this, show the closeup view of the needle drawing up solution and depositing a drop on the “slide”. Then show the 4 examples of printed materials.)
Next, the enzyme of interest is printed as a microarray using the optimal materials and its ability to over spot the assay solution and generate a measurable enzymatic response is tested. (P3: Show the slide with lots of blue dots and have the printer move back and forth between the well with the solution addatives and enzymes and the slide.  With the word “measurable” show the fluorescence image of the slide.)
The final step is to evaluate the materials for their ability to provide highly reproducible assays using the enzyme of interest and generate quantitative data.  The final material for array fabrication is then chosen. (P4: Show P4)
Ultimately, sol-gel derived protein microarrays are used to identify small molecules that reduce enzyme activity. (P5: Show the two right hand images from P5 describing compound 1 and 2.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. John: The main advantage of this technique over existing methods, like plate-based screening, is that _we can screen thousands of materials in a systematic manner very rapidly using low volumes of reagents.   

1.2. Blake: Generally, individuals new to this method will struggle because it is possible to have materials gel in the printing pins, and if these are then improperly cleaned it will result in missed spots and can be interpreted as “non-printable” materials.

Protocol (read by voice talent at JoVE):  
2. Forming a microarray using printable protein-doped sol-gels
2.1. To begin, prepare the numerous additive solutions as described in the accompanying text protocol.  Many of the solutions can be pre-made and stored for up to 1 month or longer under the correct conditions, but some must be made the day of the experiment.
2.1.1. MED: Talent works at bench preparing the solutions.
2.2. Mix the sodium-silicate based sols immediately before use and be sure to keep them on ice.  The sols must be used within 1 hour of adding the water as longer waiting periods result in decreased and inconsistent gelation times.
2.2.1. MED: Talent mixes a few of the sols, labels them, and places them on ice.

2.3. Next, prepare various combinations of buffers, silanes, polymers, and organosilanes as directed in the accompanying text protocol in order to identify which combinations can be used as printable material with gelation times greater than 2.5 hours.  
2.3.1. MED: Talent prepares the various sample combinations to test for gelation time. (Videographer: Keep the talent on the left half of this shot as the right half will be used to show a graphic.)
2.3.2. LABMEDIA: Figures 1 (Video Editor: Place Figure 1 on the right half of the screen during the first half of this statement.)
2.3.3. CU: Talent tips vial to test if it has gelled.

2.4. Once a number of combinations have been identified, set the humidity within the printing chamber to 80-90%. Humidity of less than 80% may result in sample evaporation and inconsistencies in printing, due to the small deposition volumes.
2.4.1. MED: Talent continues to test vials to see if they have gelled.

2.4.2. MED: Talent walks over to the printing chamber and sets the humidity in the chamber to 80%.

2.4.3. CU: Humidity gauge closeup showing value between 80 and 90%

Move steps 2.7 (Opening print program), 2.8 (Setting printing parameters) and 2.9 (mixing combinations in plate) above step 2.5 (cleaning pins)
2.7. With the printer now ready, arrange the array patterns to be printed using the Chip Writer Pro program. 
2.7.1.  MED Over the Shoulder: Talent arranges the array pattern on the computer.

2.8.  Set the travel in the XY direction to 10 mm/s and the sample approach speed in the Z direction to 2 mm/s with a 2.5 s sample loading time.
2.8.1.  MED Over the Shoulder: Talent sets the parameters of speed, direction, and loading time.
2.9. Using the sol gel combinations identified earlier, prepare 25 microliters of the base materials by combining corresponding polymers, organosilanes, and small molecule additives identified through the pre-screening process using 50 mM HEPES with a pH of 8.0 into individual wells of a 384 well microtiter plate.
2.9.1. MED: Talent pipettes the mixture into a 384 well plate.

2.9.2. CU: Talent adds the last component to the well.

2.5. Then, sonicate up to 4 slotted sheath pins of 100 micron diameter in double distilled water.  After 15 minutes, dry them under a stream of nitrogen. 

2.5.1. MED: Talent places a vial with the pins into the sonicator and turns it on.

2.5.2. CU: Talent dries the pins with nitrogen.
2.6. Next, use a pipe cleaner to remove residual moisture from within the pin holder and carefully place the pin in the print head of the contact pin-printing robot. Failure to remove residual moisture may hinder the pin from moving freely with the holder, resulting in missed spots.

2.6.1. MED: Talent picks up a pipe cleaner and begins to dry the pin holder.

2.6.2. CU: Talent dries the pin holder with a pipe cleaner and then places the pin into place.

2.7. With the printer now ready, arrange the array patterns to be printed using the Chip Writer Pro program. 

2.7.1. MED Over the Shoulder: Talent arranges the array pattern on the computer.

2.8. Set the travel in the XY direction to 10 mm/s and the sample approach speed in the Z direction to 2 mm/s with a 2.5 s sample loading time.

2.8.1. MED Over the Shoulder: Talent sets the parameters of speed, direction, and loading time.
2.9. Using the sol gel combinations identified earlier, prepare 25 microliters of the base materials by combining corresponding polymers, organosilanes, and small molecule additives identified through the pre-screening process using 50 mM HEPES with a pH of 8.0 into individual wells of a 384 well microtiter plate. Move steps 2.7 (Opening print program), 2.8 (Setting printing parameters) and 2.9 (mixing combinations in plate) above step 2.5 (cleaning pins)
2.9.1. MED: Talent pipettes the mixture into a 384 well plate.

2.9.2. CU: Talent adds the last component to the well.

2.10. Then, add 25 microliters of the respective sol to the well just prior to printing.
2.10.1. MED: Talent draws up the sol and dispenses it into the well with the other components.

2.11. Mix the solution using an up-and-down pipetting motion repeated 50 times. When mixing by pipette minimize the amount of air incorporated into the solution. Air bubbles prevent complete loading of sample within the pin. 
2.11.1. CU: Talent mixes the solution numerous times.

2.12. Next, load the pin by lowing it into the sample.

2.12.1. CU: Pin is lowered into the sample.

2.13. Once the pins are loaded, commence the printing process and print the sample onto one slide surface. Pause the printing process before adding sol to the subsequent source plate well.
2.13.1. CU: Pin moves from the sample and begins to print on the slide surface.

2.13.2. CU: Pin returns to the source plate and printing is paused.

2.14. With the process paused, remove the printing pin using a magnet and place a pipe cleaner in the print head to prevent moisture buildup in the print head. Then, rinse the printing pin with double distilled water, and sonicate it in clean double distilled water for 30 seconds.
2.14.1. CU: Talent removes the printing pin with a magnet and places a pipe cleaner in the print head.

2.14.2. MED: Talent rinses the printing pin and places it into the sonicator.

2.15. Next, dry the printing pin under a stream of nitrogen and then place the pin back into the print head.  
2.15.1. CU: Talent dries the printing pin.

2.15.2. CU: Talent replaces the printing pin.

2.16. Continue mixing, printing, and cleaning for all samples remaining within the source plate.  Up to 12,000 spots, 100 microns in diameter can be deposited on a single side.
2.16.1. MED: Printer prints spots from one of the samples.

2.16.2. CU: Slide with numerous spots already printed on it.

2.17. Once printing is finished, age the array for a minimum of 30 minutes and up to 24 hours within the printing chamber at 80-90% humidity.
2.17.1. MED: Slide sitting in printing chamber (TEXT: Incubate for 30 min - 24 hr @ 80-90% Humidity)
3. Acetylcholinesterase activity assay 
3.1. Prepare 50 microliters of the positive control, just prior to use, by combining 25 micoliters of 1 mM acetylthiocholine iodide and 0.14 microliters of 5 mM bodipy-Fl-L-cystine (could have used a pronunciation guide here) in 25 mM Tris at pH 7.0 with 4% glycerol in the well of a 384 microtiter plate.
3.1.1. MED: Talent pipettes the solutions into a single well on the plate.
3.2. Pipette the solution up and down slowly to mix without creating bubbles.

3.2.1. CU: Talent mixes the solution in the plate.

3.3. Next, prepare the negative controls, just prior to use, by combining 0.14 μL of 5 mM bodipy-Fl-L-cystine to 49.86 μL of 25 mM Tris at pH 7.0 with 4% glycerol into another well of a 384 well microtiter plate and mix them gently.

3.3.1. MED: Talent pipettes the components into another well on the plate.

3.3.2. CU: Talent mixes the solution.
3.4. Overprint the controls onto the aged microarrays using the same processes described in the previous section, however, instead of the 100 micron diameter pins, use slotted sheath pins with a diameter of 235 microns. This ensures that the solutions completely cover the previously deposited spots.  
3.4.1. MED Over the Shoulder: Talent sets up the printer array on the computer.

3.4.2. CU: Talent places pin into place.
3.4.3. CU: Overlay sample being printed.

3.5. Age the arrays in 80 - 90% humidity for 1 hour at room temperature. Due to the autohydrolysis of acetylthiocholine, longer incubation times may result in false positives due to enhanced enzyme activity.
3.5.1. CU: Slide incubating in the chamber. (TEXT: Incubate for 1 hr @ 80-90% humidity )

4. Microarray imaging and analysis
4.1. Ensure that the Alpha Innotech NovaRay imager is turned on and equipped with a 478 ±17 nm excitation and 538 ± 21 nm emission filter for measurement of the acetylcholinesterase microarrays. 
4.2. MED: Talent turns on the imager and programs it to use the correct filter.
4.3. Then, place slide into the slide holder with the spots facing up. Set the number of preview sections so that at least one on either end of the microscope slide is previewed with a minimum resolution of 4 μm using auto exposure. 
4.3.1. CU: Talent places the slide into the imager.

4.3.2. MED Over the Shoulder: Talent sets the program to take preview images.
4.4. Once the parameters are found acceptable, acquire a slide image and save it as a “.tiff” file.
4.4.1. MED Over the Shoulder : Talent saves the final image as a tiff file.
4.5. Next, open the acquired slide image in ImageJ64. Click the oval selection tool and select each spot.  Select a region slightly larger than the observed spot and be sure to use a consistent size between spots to reduce the subjectivity of ImageJ.
4.5.1. MED Over the Shoulder: Talent opens the image in ImageJ and begins to select each spot with the oval tool.
4.6. Then, measure the signal intensity of each spot using the measure option under the analyze tab. 
4.6.1. MED Over the Shoulder: Talent selects the analyze tool to measure signal intensity.

4.7. Average the intensity from 25 similar positive control spots and divided by the average intensity of 25 similar negative control spots to obtain positive control – negative control ratios for the individual material compositions.
4.7.1. MED Over the Shoulder: Talent works with the data to obtain the control ratio for the sample tested.
5.  Results: Quantitative sol-gel derived microarrays are used to measure inhibition 
5.1. Shown here is an example of the dynamic range of the resulting microarrays prepared using these methods.  The high controls resulted in bright green regions whereas low controls resulted in much dimmer spots.
5.1.1. LABMEDIA: Figure 5a-b (Video Editor: Start showing Figure 5a, then pull 5b from the outlined area and highlight the top half of it with mention of “high controls” and the lower region with mention of “low controls”.) 
[image: image2.emf]
5.2. The intensity, as measured by ImageJ64, shows the high controls to average about 22,000 relative fluorescent units and the low controls averaged close to 8,000.  The dotted lines represent 3 standard deviations from the mean.

5.2.1. LABMEDIA: Figure 5c (Video Editor: Point out the high/low controls and the dotted lines when mentioned.)
[image: image3.emf]
5.3. Here are example microarrays for an on-array screening of synthetic analogs of Amaryllidaceae (could have used a pronunciation guide here) alkaloids identified as compound 1 and compound 2. Both axes represent the percent of enzyme activity as determined by the fluorescence signal in duplicate. The closeness of the dots to the diagonal represents high assay reproducibility.
5.3.1. LABMEDIA: Figure 6a

[image: image4.emf]
5.4. IC50 plots of two different potential inhibitors are shown here. Compound 1 resulted in an IC50 level of 16 µM where the IC50 of compound 2 was 21 µM. Representative spots are displayed above to illustrate differences in signal proportional to inhibitor concentrations. 

5.4.1. LABMEDIA: Figures 6b-c (Video Editor: Highlight 6b for “compound 1” and 6c for “compound 2”. Display both graphs side by side on the screen.  Outline the representative spots when mentioned.)

[image: image5.emf]
5.5. The array shown here was printed with 4 different kinases, p38, MAPK, EGFR, and GSK and was overprinted with buffer alone, buffer containing ATP, and buffer containing ATP and staurosporine, an inhibitor of enzyme activity.
5.5.1. LABMEDIA: Figure 7a (Video Editor: Highlight the columns defined as the kinases are mentioned, then the top row with “buffer alone”, the middle row with “buffer containing ATP”, and finally the bottom row with “buffer containing ATP and staurosporine”
[image: image6.emf]
5.6. The results show a significant effect from the kinase inhibitor, staurosporine, based on the resultant fluorescence intensities as described here. The greatest difference seen at the concentration of staurosporine used here, was from the p38 spots.
5.6.1. LABMEDIA: Figure 7b 

 [image: image7.emf]
5.7. Here, representative spots of a p38a/MBP microarray are shown which were overspotted with varying concentrations of staurosporine, as indicated.  The IC50 of this molecule was determined to be 1 micromolar and is shown in the graph on the right.
5.7.1. LABMEDIA: Figure 8

[image: image8.emf]
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera) 
6.1. Blake: Once mastered, this technique can be done in a few hours if it is performed properly.

6.2. John: Following this procedure, other methods like immunoassays, ELISAs or protein-interaction assays can be performed in order to answer additional questions related to diagnostics or small molecule discovery.

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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2012, Journal of Visualized Experiments


