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Authors, please check the answers to the questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark 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)_ Not detailed, step-by-step but there are several actions on a computer If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.3.-2.8., 4.1.- 4.3., 6.1.- 6.4. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._6.7. – 6.9. use pre-generated video already submitted to JoVE 
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________



1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

Note: Authors are still working on the graphics (5/14/14)

The overall goal of this procedure is to operate a miniaturized flow cytometer onboard a reduced-gravity parabolic flight -- using components, preparation, and in-flight procedures potentially adaptable to other setups. (Intro) (title of manuscript will be shown – so no graphics needed)

This is accomplished by first carefully selecting off-the-shelf and custom fabricated components for ease of use and safety in reduced gravity. (P1)

The second step is to assemble components within a parabolic flight test rig containing additional elements for containment, viewing, automation, and facilitation of multiple demonstrations. (P2)

Next, the team prepares for successful in-flight experimentation through meticulous planning, protocol development, and training. (P3)

The final step is multi-component demonstrations in-flight. (P4)

Ultimately, parabolic flight testing is used to showcase the potential space applications of technology and to identify the effects of weightlessness, gravity changes, and vibration on performance. (P5)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. William Phipps: Though this method can provide insight into flight testing of flow cytometry and related technology, it can also be applied, in parts, to other systems, particularly any in vitro diagnostics with multiple components or tricky procedures.
1.2. Eugene Chan: We decided to present this method when looking back on some of the hurdles we faced as newcomers to parabolic flight testing.  Despite a long, varied history of parabolic flight testing in the US and other countries, we found little guidance from demonstrations before us with regard to how to best organize our preparation efforts and perform multiple in-flight demonstrations.  {Change: Eugene’s interview should go first – KJ filmed 1.1 as Eugene and 1.2 as William}











Protocol (read by voice talent at JoVE):

2. Rig Assembly

2.1. Constructing a simple flow cytometry system for use in reduced gravity conditions requires multiple fluidics, optical and electronic prototype components.

Shots:
2.1.1. WIDE/MED: General shot of talent setting up to assemble the multiple prototype components.

2.2. Start by preparing a pressure system with minimal weight and power needs to drive the system fluidics: connect a miniaturized air pump to a differential pressure sensor.

Shots:
2.2.1. MED: Talent connecting a miniaturized air pump to a differential pressure sensor.
2.2.2. LAB MEDIA: Pressure system.jpg

2.3. Next, assemble a fluid source container that can be loaded without trapping air: fit a rigid plastic vial with a latex diaphragm, firmly secured cap, and inlet air tubing at the vial base.  Seal the inlet air tubing connection using optical adhesive. 

Shots:
2.3.1. CU: A latex diaphragm being placed inside a rigid plastic vial, cap being firmly secured, and inlet air tubing being connected.
2.3.2. CU: Optical adhesive being applied to seal the inlet air tubing connection point.
2.3.3. LAB MEDIA: assembled vial 4.jpg

2.4. Ensure that the pump pressurizes the vial without air or fluid leaks, compressing the diaphragm to drive fluid flow out of the cap exit tubing.

Shots:
2.4.1. MED: Talent testing that the vial can be pressurized without leaks: shot of system pressurizing (according to pressure monitor on computer).
2.4.2. CU: match action above:  fluid leaving the exit tubing only when the slide clamp is removed.

2.5. The third component needed is a fluid waste container to collect waste without building a backpressure that will compromise flow. Use a vial-glued-within-a-vial design for double containment.

Shots:
2.5.1. LAB MEDIA: panel B of ‘51743fig1highres.jpg’
2.5.2. CU: A fluid waste container being assembled.

2.6. Cap the vials with a secured foam sponge window that traps floating liquids but allows air pressure equalization with the cabin environment. 

Shots:
2.6.1. CU: Vials being capped with a secured foam sponge window.

2.7. To make a sample loader for use in reduced gravity, machine and assemble a spring-loaded clamp design with guiderails such that it reliably clamps a sheath-fitted capillary between two O-rings in the fluid line.

Shots:
2.7.1. CU: A demonstration of the capillary being clamped between the two O-rings. {Comment: We filmed red dye passing through with capillary put in place}

2.8. Ensure that in the absence of a capillary, the springs press the O-rings together to complete the fluid line and enable priming without leaking.

Shots:
2.8.1. CU: The capillary being removed from the clamp and the springs pressing the O-rings together. {Comment: We filmed blue dye passing through with capillary removed}
2.8.2. LAB MEDIA: leftmost photo only from panel D of ‘51743fig1highres.jpg’ (Video editor: this may not be needed if it is captured in 2.8.1.){yea probably not needed}

2.9. Design a micromixer that does not rely on powered mechanical subcomponents to function: using the rapid-prototype polydimethylsiloxane method, a two-inlet spiral-vortex micromixer (show Figure 1E) is chosen and fabricated (show microfluidic chips 4.jpg).  

Shots:
2.9.1. MED: General shot of talent performing steps in the PDMS microfluidic chip fabrication process (mixing, degassing, curing, plasma cleaning, etc.)
2.9.2. LAB MEDIA: panel E of ‘51743fig1highres.jpg’
2.9.3. LAB MEDIA: microfluidic chips 4.jpg {Change: Can we add uploaded image ‘2-9-3 microfluidic chips 2’ as well?  I like the style.  Maybe crop off the bottom dark space}

2.10. To detect individual flowing particles, mount a custom fabricated, palm-sized miniature optical block (show ‘block complete.pdf’) to a microscope breadboard plate using commercially available optomechanical components. Align fiber-coupled single photon counting modules. (show ‘Aligned optical block_ parts labeled.pdf’)
 
Shots:
2.10.1. LAB MEDIA: block complete.pdf
2.10.2. LAB MEDIA: Aligned optical block_ parts labeled.pdf{Change: Use uploaded image ‘2-10-2 aligned 1 labeled’ instead}

2.11. The final step in prototype assembly is to design electronics and software for device control and data acquisition. For convenience in early prototyping, utilize hand-soldered pieces connected to data acquisition, or DAQ, cards (show Figure 2D).

Shots:
2.11.1. LAB MEDIA: panel D of ‘51743fig2highres.jpg’

2.12. Code and program a custom software to operate rig devices and synchronize all data. 

Shots:
2.12.1. MED/over the shoulder: talent at the computer.
2.12.2. SCREEN: example of ‘wiring’ action of the Block Diagram in LabView. (to be provided by author)  {See ‘2-12-2 Screen Coding.avi’ uploaded video}
2.12.3. LAB MEDIA: panel E of ‘51743fig2highres.jpg’

2.13. For safety reasons on reduced-gravity flights, the electrical power scheme for powering all devices must include a mechanism for quick and complete electronic shutdown. In-flight, a single power strip with a single on-off button is connected to the aircraft power distribution panel. 

Shots:
2.13.1. MED: Talent flipping the on-off switch and all the components shutting down.

2.14. Remove the laptop battery and set the laptop to operate through the power cable alone. {Change: This probably should go before the on-off demonstration—that is 2.14 merged into 2.13 (since the battery must already be removed for a complete system shut down).

Shots:
2.14.1. MED: Talent removing the laptop battery and setting the laptop to operate through the power cable alone.

3. Flight-ready rig layout

3.1. For successful in-flight performance, the total space available and how it will be divided between experimental rig space and user space surrounding the rig must be considered. The total space available is limited to a smaller area than provided for a similar demonstration on the ground.

Shots:
3.1.1. LAB MEDIA: cabin view f1-4.mpg

3.2. Determine which components are more appropriately accessed at a floor, (Video editor: show ‘height - floor.jpg’) kneeling, (Video editor: ‘height - kneeling.jpg’) or standing height. (show ‘user operation.jpg’) It is also important to consider which components will benefit most from the protection attained within a support structure.

Shots:
3.2.1. LAB MEDIA: height - floor.jpg
3.2.2. LAB MEDIA: height - kneeling.jpg 
3.2.3. LAB MEDIA: user operation.jpg

3.3. The rig support structure, here, is a vertical equipment rack that can withstand flight accelerations and be securely attached to the intended aircraft cabin floor.  Assign components to levels within the equipment rack: a top level to place the laptop, a mid-rack level to contain prototype subcomponents, and a floor level to contain extra wipes, gloves, and a miscellaneous waste container. (Video editor show the two photos side by side)

Shots:
3.3.1. LAB MEDIA: panel B of ‘51743fig3highres.jpg’ 
3.3.2. LAB MEDIA: rack 2 levels (4).jpg 

4. Prototype securing, containment, and visualization setup

4.1. To secure and contain the prototype and to view samples, various non-prototype components must be fabricated or adapted.

Shots:
4.1.1. MED: General shot of talent starting to arrange prototype components for placement on a microscope breadboard plate.

4.2. These include a custom acrylic box to contain the DAQ cards and hand-soldered boards, (Video editor: show ‘electronics box front 1.JPG’) and a custom acrylic ‘glove’ box (show Figure 4A) with arm access holes to provide a cubic space in which to perform the loader demonstration without risking contamination of the flight cabin.

Shots:
4.2.1. LAB MEDIA: electronics box front 1.JPG
4.2.2. LAB MEDIA: panel A of ‘51743fig4highres.jpg’{uploaded image ‘4-2-2 glove box .JPG’ (in glove box  folder) is higher quality than panel A in the PDF }
4.2.3. MED: Talent demonstrating sticking arms through the access holes of the glove box to perform experiment.

4.3. The stereomicroscope must be bolted to the breadboard plate and fitted with a custom acrylic chip holder, also bolted to the plate.

Shots:
4.3.1. MED: Talent placing the stereomicroscope on the breadboard plate and beginning the set-up.
4.3.2. LAB MEDIA: chip holder 2.jpg

4.4. Use a custom opaque acrylic box to cover the optical block, shielding it from ambient light and controlling laser hazards.

Shots:
4.4.1. MED/CU: Optical block being covered by opaque acrylic box. 

5. In-flight demonstration implementation

5.1. Some simple in-flight design strategies can eliminate the need for manual tubing adjustments in-flight or other actions that require significant dexterity, or could risk leaking fluids into the cabin environment {Comment: latter part of sentence is redundant -- see 5.4}. (show talent making manual tubing adjustments) For example, to pressure multiple source vials simultaneously, use a custom-machined pressure manifold, consisting of a  that consists of a partially hollowed-out and tapped cylinder adapted to to which an inlet needle is adaptedand multiple outlet tubings. 

Shots:
5.1.1. MED: Talent demonstrating manual tubing adjustments in the absence of the air splitter.
5.1.2. LAB MEDIA: panel A from ‘51743fig5highres.jpg’
5.1.3. MED: Talent demonstrating the use of the air splitter to pressure multiple source vials simultaneously.

5.2. For controlling direction of fluid flow using the computer, Aassemble a panel of three-way solenoid valves (Figures 5B) controlled by tandem MOSFET switches (Figure 5C) wired to a DAQ card.  

Shots:
5.2.1. LAB MEDIA: panel B from ‘51743fig5highres.jpg’ 
5.2.2. LAB MEDIA: panel C from ‘51743fig5highres.jpg’
{Instead of using Panel B and C, instead use the uploaded images ‘5-2-2 valve panel 2’ and ‘5-2-2 mosfet panel 1’ side-by-side}
5.2.3. CU: Valves being inserted into the panel.

5.3. The three-way solenoid valves have a common port (Video editor: highlight white arrow tip) that is always connected to either the default OFF port or ON port. The switch to the ON state is triggered with a 5-volt I/O signal.

Shots:
5.3.1. LAB MEDIA: valve ‘on’ and ‘off’ schematics only from ‘51743fig6highres.jpg’
5.3.2. LAB MEDIA: valve panel 2.JPG {Use  ‘on’ and ‘off’ schematics side by side with the uploaded image ‘5-3-2  valve panel 1 labeled’}

5.4. Program the software to proceed through the demonstrations using single-button interventions, such as a single click on the laptop to switch valve states or change pump driving pressure. This avoids the need for manual tubing adjustments that may incur leakages into the environment and the loss of experiment time, as demonstrated here.  

Shots:
5.4.1. MED: Footage of talent demonstrating that a single click on the laptop can switch the valve states or change pump driving pressure. {Also include screen record – ‘5-4-1 Screen Single Button.avi’ uploaded video}
5.4.2. MED: Talent demonstrating manual adjustments of tubing that leads to leakages.

5.5. (show Figure 6A with key) The sample loader demonstration includes loading a sample and driving the sample to the optical block, or OB, for detection.  The setup utilizes two valves, one before (Video editor: highlight the valve to the left of the loader) and one after the loader. (Video editor: highlight the valve to the right of the loader)  During loading, both valves are set to OFF, preventing fluid movement as the loader is utilized.  Turning the valves ON opens the fluidics pathway extending from the saline vial (Video editor: highlight the S) to the waste vial, (Video editor: highlight the W) allowing the pump to drive the sample for analysis.  

Shots:
5.5.1. LAB MEDIA: panel A from ‘51743fig6highres.jpg’ (include key)

5.6. (show Figure 6B) The optical block demonstration (Author: ) includes sequential detection of three different sample types (Video editor: highlight CB, NS, WBC in the graphics on the right). transition from ‘manual’ to Using ‘1-button’ instead of ‘manual’ interventions in the optical block demonstration allows sequential testing of three the different sample types (Video editor: highlight CB, NS, WBC in the graphics on the right) without changing a need to reconfigure tubing connections.  Saline is able to flush the system between samples.  (Video editor: highlight S in the graphics on the right)

Shots:
5.6.1. LAB MEDIA: panel B from ‘51743fig6highres.jpg’

{Add a step after 5.6 – “(show uploaded image: Micromix Demo.pdf) The micromixer demonstration includes blood-saline mixing and blue-yellow dye mixing segments.  The setup uses two valves (Video highlight the two valves on the left) to guide pressure  to either the blood and saline vials or the dye vials so that only one mixing demonstration is active at a time.  An additional valve (Video highlight valve on the right) enables air bubble injection into the blood-saline mixing chip.”

6. Flight disturbance readiness and Training demonstration

6.1. The system must be prepared for sudden jolting forces, vibration, or passenger collision in flight.  For alignment stabilization, apply quick-drying epoxy to aligned components that are easily misadjusted, particularly the optical components.

Shots:
6.1.1. MED: Talent applying quick-drying epoxy to aligned components, i.e., an optical component.
6.1.2. CU: match action above: epoxy being applied to an optical component.

6.2. Apply industrial grade epoxy over the quick-dry epoxy as well to secure other components as necessary, including the CCD camera attachment to the microscope eyepiece.

Shots:
6.2.1. MED: Talent applying industrial grade epoxy to the camera attachment to the microscope eyepiece.

6.3. For physical disturbance testing, shake the rig support structure with all components in place. Check individual component functionality after subjecting the rig to the disturbance, particularly the aligned optical components.

Shots:
6.3.1. LAB MEDIA:  motion test severe.3GP 

6.4. Train for unexpected in-flight occurrences including the plane suddenly leveling out in the middle of an experiment or sudden forces hitting the rig or the plane suddenly leveling out in the middle of an experiment.  Protect floating passengers by Aadding padding to the rack cornersrig is one way to address this.

Shots:
6.4.1. LAB MEDIA: padding (2).JPG 

6.5. Train multiple individuals as primary operators to expertly operate the device in-flight.  It is unpredictable who will get sick during the parabolas, and a given user may be unaffected on one flight and become sick on another. 

Shots:
6.5.1. LAB MEDIA:  alt user.mpg

7. In-flight Demonstrations 

7.1. On flight day, source vials containing samples and solutions for the demonstrations must be prepared and hooked into the system prior to takeoff as part of the setup process.  To prepare a vial for loading, apply a fresh, powder-free latex or nitrile diaphragm to the vial.  Make sure the diaphragm is long enough to extend from the vial floor and fold over the top outer rim.  Slide the vial ring over the folded portion.

Shots:
7.1.1. MED: General shot of talent setting up to load vial.
7.1.2. CU: A fresh, powder-free latex diaphragm being applied to the vial, and then folder over the top outer rim.  
7.1.3. CU: Vial ring being slid over the folded portion of the diaphragm.

7.2. Place a temporary slide clamp onto the cap outlet tubing to prevent fluid expulsion during cap insertion.

Shots:
7.2.1. CU: A temporary slide clamp being placed onto the cap outlet tubing.

7.3. Before filling the vial, negatively pressurize the vial with a syringe to expand the diaphragm.  Pour the fluid to the top of the vial and insert the cap at an angle such that no air is trapped under the cap during cap placement.  It is normal for some fluid to spill out.

Shots:
7.3.1. CU: Talent using a syringe to negatively pressurize the vial.
7.3.2. CU: Fluid being poured to the top of the vial and then cap is inserted at an angle. {Use the second of two attempts filmed by KJ (less messy)}

7.4. Briefly remove the slide clamp to prime the outlet tubing and release collapsing pressure exerted by the diaphragm.	

Shots:
7.4.1. CU: Slide clamp being briefly removed and then placed back on.

7.5. After connecting and checking all other tubing connections, the vials are hooked into the system.  The system is subsequently loaded onto the aircraft. 

7.5.1. LAB MEDIA: hooking in vials 2.jpg
7.5.2. LAB MEDIA: loading4.jpg
7.5.3. LAB MEDIA: loading5.jpg

7.6. Once in-flight, position rig operators when nearing dedicated parabola airspace. Provide enough space to allow rig operators to lie down during high-gravitation intervals and enable access to leg straps. 

Shots:
7.6.1. LAB MEDIA: op pos.mpg

7.7. Once parabolas begin, do not apply strong forces on body during reduced gravity as this may send the body up too quickly and somewhat dangerously.

Shots:
7.7.1. LAB MEDIA: head crash.mpg

7.8. Perform a microfluidic mixer demonstration: mix blood and saline in a 1:1 ratio at 1.5, 2, 3, 4, 5, and 6 psi, for at least 2 parabolas each, recording video data synchronized to other readings. Actual Iin-flight footage of a mixer demonstration is shown here. 

Shots:
7.8.1. MED: General shot of talent starting a mixer demonstration.
7.8.2. LAB MEDIA: blood mixing.wmv: 0:10-1:39 

7.9. Inject air into saline inlet to test whether channel architecture will trap a bubble that could prevent optimal mixing.

Shots:
7.9.1. CU: A shot of a bubble going into a microfluidic chip (from talent’s demo)
7.9.2. LAB MEDIA: Bubble pass.wmv 

7.10. Mix blue and yellow food dyes at 1.5, 2, 3, 4, 5, and 6 psi for at least 2 parabolas each, again recording synchronized data. 

Shots:
7.10.1. LAB MEDIA: lunar g dye mix.wmv 0:00-0:28 

7.11. To perform an optical block andthe  sample loader demonstrations, when the plane enters reduced gravity, use a sample syringe to place a drop of the counting bead dye mixture on a fingertip to simulate a finger prick sample. Use an unrealistically large drop to test the limits of keeping a finger prick sample on a finger during reduced gravity. 

Shots:
7.11.1. LAB MEDIA: samp load-2.MP4; 0:00-0:13 

7.12. Use a capillary consumable to pick up the sample off the finger and load the sample into the capillary loader. 

Shots:
7.12.1. LAB MEDIA: samp load-2.MP4; 0:13-1:22

7.13. Drive the sample into the optical system for detection. 

Shots:
7.13.1. LAB MEDIA: samp load-2.MP4; 1:22-1:37

8. Results: demonstrations of a prototype flow cytometry system in reduced gravity conditions 

8.1. (Figure 7A and 7B) Shown are representative results for two micromixer demonstrations as viewed by a CCD camera fitted to the stereomicroscope.  Panel A shows blue and yellow dye mixing under micro gravity conditions, and panel B shows blood and saline mixing under lunar gravity conditions.  Mixing can be visually assessed at any point along the spiral, as well as in the exit channel.

Shots:
8.1.1. LAB MEDIA: panels A and B from ‘51743fig7highres.jpg’

8.2. (Figure 7C) In a demonstration of optical block detection of fluorescently labeled white blood cells during microgravity flight, the critical performance metrics for the flow cytometry data include the coefficient of variation of the peak intensities, signal-to-noise ratios, peak counting rates, and detection efficiency. As shown here, optical block detection appears relatively unperturbed by a transition from approximately 1.5 g to nearly zero-g, and continues during the transition back to 1.5 g.  

Shots:
8.2.1. LAB MEDIA: panel C from ‘51743fig7highres.jpg’

8.3. (Figure 7D) Detection of fluorescent counting beads spiked into a loaded sample following demonstration of the loader in lunar gravity indicates that the sample was successfully loaded and reached the optical block for detection.

Shots:
8.3.1. LAB MEDIA: panel D from ‘51743fig7highres.jpg’


9. Conclusion (said by authors on camera)

9.1. William Phipps: After watching this video, you should have a better understanding of how to approach device testing in reduced gravity and what sorts of procedures are feasible in flight.  Careful component selection, planning, and demonstration implementation all play a critical role in ensuring a high yield from your experience.
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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.
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