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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) _N_______ If yes, please list make and model of your microscope: ___Nikon Eclipse Ti________ 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)__N______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__1.5, 1.6, 1.7, 1.8, 4.5, 4.7________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Alignment. We have experience but it is an iterative process._____________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Schematic Narrative:

In this procedure, a conventional and a holographic optical trapping line are assembled and aligned. (Intro)

To accomplish this, first, measure out the locations for optical components. (P1)

Then mount the components securely in their proper locations. (P2)

Next, align the optics to allow trapping. (P3)

The final step is to block the undiffracted beam from the holographic mirror. (P4)

Ultimately, the finished system allows simultaneous holographic and ordinary trapping. (P5)

Use P1-P5.ai Have each image fade into the next one. The images should superimpose well.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Only one statement should be chosen and completed per author who will be on camera
1.1. Author name Dr. Michael Vershinin: The main advantage of this technique over existing methods, like ordinary trapping, is that it allows simultaneous positioning of multiple refractive objects in three dimensions and fast object manipulation and measurements. 

1.2. Author name Jacqualine Butterfield: Generally, individuals new to this method will struggle because design, layout, and alignment can be challenging.
Protocol (read by voice talent at JoVE):  
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Installation of a 980 nm Wavelength Single Optical Trap
2.1. The starting point of this video is an optical bench with the microscope in place. To create an optical trap at 980 nm, start with one of the readily available laser diodes of that wavelength.  Use a pigtailed laser with a polarization-preserving single mode fiber of known mode field diameter.  The fiber should be long enough to act as a mode filter, and should be terminated with a fiber channel connector with either a FC/PC or FC/APC connector.  The single mode optical fiber should be handled with care; twists should be avoided.

2.1.1. WIDE: Talent approaching optical bench with microscope housing visible

2.1.2. MED: Talent reaching for unmounted diode in original packaging
2.1.3. CU: Laser diode, held by talent or on bench

2.1.4. CU: Laser diode with single mode fiber terminated with a connector 
Note from scriptwriter to the videographer:  Throughout the shot list an attempt is being made to show the evolution of the components on the optical bench in relation to one another.  I have not seen the set-up firsthand, so the practicality of some of the shots I've listed isn't known.  In the “WIDE or MED” shots that follow, please try to give the viewer an idea of the big picture, ideally from a common reference point or two, while shooting close enough to see some details.  This is how  “from the same position as 2.2.1” should be understood.
2.2. Secure the laser diode in a mount that allows for power and temperature control.  The mount should be directly affixed to the optical bench to maximize passive heat sinking.  Next, mount the fiber connector to the beam collimating optics.  Ensure that the chosen fiber port matches the mode field diameter of the diode pigtail fiber.

2.2.1. WIDE or MED (to cover optical bench): Talent at bench mounting/working with diode

2.2.2. CU: Detail of diode and mount

2.2.3. CU: Detail of the fiber and collimating adapter
2.3. Attach the collimating adapter to the optical table at a sufficient distance from the microscope to allow for beam routing, expansion, and placement of other components. Adjust the fiber port to ensure consistent beam waist over distances comparable to the overall beam path to the microscope. 
2.3.1. WIDE or MED (to show position with respect to microscope; ideally from same position as 2.2.1): Talent attaching/working with collimating adaptor

2.3.2. CU: Fiber port as talent makes adjustments
Video Editor: If it can be added without blocking anything useful, please inset Figure 1 to the 2.4 and 2.5 shots, and highlight each mirror in Figure 1 that is shown in the footage. If insetting it blocks too much, maybe the footage could be frozen at some point and the figure inset for a brief period only?
2.4. There are five mirrors in the path of the diode laser beam.  Starting from the laser diode, there are two mirrors to direct its output into the microscope housing.  The beam also has to pass through a dichroic (pronounced “die–crow–ick” http://dictionary.reference.com/browse/dichroic?s=t) mirror which allows undiminished transmission of the laser diode beam at 45º to the angle of incidence. Finally, two additional shortpass dichroic mirrors that transmit visible light, but reflect near infrared and above, route the beam into and out of the microscope infinity space. One is within the microscope housing.

2.4.1. WIDE or MED (to cover optical bench): Talent placing, adjusting, or in some way showing first two mirrors after laser diode. These mirrors are M1 and M2. [Video editor: This shot covers the first two sentences of VO. Please add TEXT (and arrows?) pointing to “M1” and “M2”]  Author’s note: “these are the unlabeled mirrors in the schematic. The main thing is they were installed with the mirror closest to the laser first.”
2.4.2. WIDE or MED (to cover optical bench, from same position as 2.2.1): Talent placing/showing dichroic mirror. This mirror is DM1. [Video editor: This and 2.4.3 cover the 3rd sentence of VO. Please add TEXT (and arrows?) pointing to the “DM1”.
2.4.3. CU: Dichroic mirror in position 

2.4.4. WIDE or MED (to cover optical bench, from same position as 2.2.1): Show the location of DM3 (upper dichroic) and then DM2 (lower dichroic). Both are already mounted. [Video editor: This and 2.4.5 cover the 4th and 5th sentences of VO. Please add TEXT (and arrows?) pointing to the “DM3” and “DM2”.
2.4.5. CU: Shortpass mirror

2.5. To adjust the mirrors, remove the microscope objective. Use the mirrors and an infrared viewing card to route the beam through the aperture in the objective mounting stage. If the beam is off-center, adjust the mirrors to fix the alignment so that the beam is on-center.
2.5.1. WIDE or MED (to cover optical bench, from same position as 2.2.1): Talent beginning to remove microscope objective

2.5.2. MED: Talent removing objective

2.5.3. CU: Aperture in objective mounting stage with card showing bad alignment [Video Editor: Can you visually highlight, in some way, that the beam is off-center? Maybe an arrow from the center to the beam and the TEXT “off-center”? Any other highlighting method you can think of is fine.]
2.5.4. WIDE or MED (to cover optical bench, from same position as 2.2.1): Talent adjusting mirrors

2.5.5. CU: Aperture in objective mounting stage with card showing good alignment [Video Editor: Can you visually highlight, in some way, that the beam is no on-center? Maybe an arrow to the beam/center and the TEXT “on-center”? Or another highlighting method.]
2.6. When mounting lenses, a cage system can result in a rigid assembly, Calipers can be used to pre-measure distances between lenses along cage rods prior to installation.  Rod collars can be used to fix the lens spacing for robust, repeatable positioning. 
Use 2.6.4.  CU: Cage system for beam expander in place.  If possible, show distance between lenses being verified/measured.

Use 2.6.5.  CU: Rod collar being adjusted on beam expander

2.6B.   Temporarily mount a red laser pointer with a custom adapter in place of the objective so that its beam is along the optical axis of the microscope.  Use the visible laser pointer beam to place and roughly align the 980 nm beam expander. This setup uses lenses with focal lengths of 60 mm and 125 mm in a Keplerian arrangement to approximately double the beam waist.
Use 2.6.1.  MED:  Talent mounting laser pointer

Use 2.6.2.  CU: Laser pointer and adapter being adjusted so beam is along optical axis of microscope

Use 2.6.3.  WIDE or MED (to show position relative to other components as in 2.2): Talent using laser pointer beam to place beam expander 
Use 2.6.6.  CU: Cage system for beam expander, talent indicating 60 mm, then 125 mm lens. [Video editor: Please add TEXT (and arrows?) pointing to the “L8” and “L9” lenses. As above, if possible w/o blocking anything, please inset Figure 1, and highlight the L8 and L9 lenses in Figure 1]
2.7. Next, install the 980 nm steering lenses using the pointer beam as a guide. Here each lens has a 60 mm focal length.  Mount the first lens in the beam path on a precision XYZ stage with at least half an inch range of travel to allow for beam steering. This lens must be positioned so as to be optically conjugated to the back focal plane of the objective. The second lens can now be positioned to form a 1-to-1 Keplerian arrangement with the first lens.
2.7.1. WIDE or MED (to show position relative to other components as in 2.2.1):  Talent putting steering lenses in place. Shows a CU of tube holding L3 from different angles. The lens is visible. [Video editor: Please add TEXT (and arrows?) pointing to the “L2” and “L3” lenses. As above, if possible w/o blocking anything, please inset Figure 1 either here or in 2.7.2, and highlight the L2 and L3 lenses in Figure 1] Author’s note: “ The L2 lens is not visible when we are holding L3 and showing it to the camera. L2 is visible during its installation”
2.7.2. CU: The two lenses being adjusted with the aid of a laser pointer
2.7.3. CU: The lens being moved on a precision XYZ stage

2.7.4. WIDE or MED (to show position relative to other components as in 2.2.1): Talent leaving bench, overview of set-up
3. Installation of a 1064 nm Wavelength Holographic Trap
3.1. To prepare the holographic trap, mount the 1064 nm laser on an elevated platform at roughly the height of the 980 nm beam. Place a half wave plate and polarizer right after the laser output to allow manual adjustment of laser power. 

3.1.1. WIDE or MED (to show position relative to other components as in 2.2): Talent positioning/working with laser

3.1.2. MED: Talent pointing out half-wave plate and polarizer in laser path
3.2. Install the beam expander for this laser so the beam waist is expanded to match the diagonal size of the holographic mirror. If constrained by space, use lenses with small focal lengths, here 16 mm and 175 mm. 

3.2.1. WIDE or MED (to show position relative to other components as in 2.2): Talent installing beam expander

3.2.2. CU: Lenses in position, being pointed out: 16 mm first, 175 mm second [Video editor: Please add TEXT (and arrows?) pointing to the “L7” and “L6” lenses. As above, if possible w/o blocking anything, please inset Figure 1 and highlight the L7 and L8 lenses in Figure 1]
3.3. Now, use the laser pointer beam to position the spatial light modulator, or SLM, which is part of the commercial holographic package used in this experiment. The spatial light modulator must be positioned so as to be optically conjugated to the back focal plane of the objective. Place it so that the laser pointer beam has the minimal possible angle of incidence, but so that its reflection safely clears all the hardware on the optical table.  Place another mirror in front of the 1064 nm laser beam expander to direct its light to the spatial light modulator.  Ensure that the laser pointer light hits the center of the beam expander aperture.  

3.3.1. WIDE or MED (to show position relative to other components as in 2.2): Talent working with light modulator, making use of laser beam [Video editor: Please add TEXT (and arrows?) pointing to the “SLM”. As above, if possible w/o blocking anything, please inset Figure 1 and highlight the SLM in Figure 1]
Comment: (3.3.1) Reuse laser pointer shot 2.6.1 and 2.6.2
3.3.2. CU: Demonstrate angle of incidence of beam with light modulator. Sequence shows the incoming and outgoing beam spots on a semi-transparent and opaque card. The low distance between these spots is the visual demonstration of low angle of incidence. [Video Editor: Add a double-sided arrow between the two spots to show the low distance between the spots and label it “Low angle of incidence”]
3.3.3. WIDE or MED (to show position relative to other components as in 2.2): Talent positioning mirror

3.3.4. CU: Laser light as optics are being adjusted so that it hits center of beam expander
3.4. Finally, install a telescope pair of lenses between the spatial light modulator and the dichroic mirror. These lenses have focal lengths of 125 mm and 200 mm. Remove the laser pointer. Leave the custom adapter mount to serve as a coarse alignment aperture.
3.4.1. WIDE or MED (to show position relative to other components as in 2.2): Talent installing lens pair [Video editor: Please add TEXT (and arrows?) pointing to the “L5” and “L4” lenses. As above, if possible w/o blocking anything, please inset Figure 1 either here or in 3.4.2, and highlight the L5 and L4 lenses in Figure 1]
3.4.2. CU: Lens assembly with talent pointing out 125 nm, then 200 nm lenses

3.4.3. WIDE or MED (to show position relative to other components as in 2.2): Talent removing laser pointer

3.4.4. CU: Aperture with custom adapter
4. System Installation and Alignment Notes


4.1. Start checking alignment using only the 980 nm beam.  Use an infrared card viewer to align the 980 nm beam to go along the center axis of the aperture in the custom adapter.  Then use the infrared card to ensure the 1064 nm beam hits the same spots as the 980 nm beam along their shared beam path.  Once this is done, replace the custom laser pointer mounting adapter with a high numerical aperture oil or water objective.

4.1.1. MED: Talent with infrared card viewer at aperture verifying 985 nm beam is along center axis
4.1.2. WIDE or MED (to show position relative to other components as in 2.2): Talent checking path of 1064 nm beam

4.1.3. MED: Talent removing mounting adapter

4.1.4. CU: Adapter being removed, objective being put in place
4.2. Next, align the 980 nm trap by “walking” the laser beam until a radially symmetric interference pattern is seen on the camera.  With the holographic mirror off, align the 1064 nm trap by using the spatial light modulator and the first dichroic mirror to “walk” the undiffracted 1064 nm beam. In this example, the aligned image for both traps indicates good alignment for efficient trapping but can be further refined. 
 (TEXT: See Sheetz, Laser tweezers in cell biology, 1998, for details) There are also minor aberrations associated with the round 1064 beam hitting a square SLM mirror which cannot be easily eliminated.
4.2.1. WIDE or MED (to show position relative to other components as in 2.2, if possible): Talent adjusting mirrors for “walking” 985 nm trap

4.2.2. SCREEN: Image associated with bad alignment, or sequence of bad alignment image improving

4.2.3. MED: Talent adjusting mirror for 985 nm trap alignment

4.2.4. SCREEN: Image associated with good alignment. [Video Editor: Shots 4.2.1-4.2.4 cover the first two sentences of the VO]
4.2.5. WIDE or MED (to show position relative to other components as in 2.2, if possible): Talent adjusting mirrors for “walking” 1064 nm trap
4.2.6. SCREEN: Image associated with good alignment, or sequence of good alignment being reached
4.3. In order to block the trap produced by the undiffracted beam from the spatial light modulator, insert a small opaque object in the path of the undiffracted light at a location conjugate to the sample plane. For this system, an opaque microsphere of 100–300 microns diameter is glued to an infrared transparent, round, glass coverslip or window. The blocker does not have to be perfectly round. The block is placed at the common focal point of the lenses, which is optically conjugated to the sample plane if the optical trapping beams are injected into the infinity space of the microscope. The beam blocker can be positioned to block undiffracted light or can be moved to allow all light to pass.
4.3.1. WIDE or MED (to show position relative to other components as in 2.2): Talent putting blocker into position
4.3.2. LAB MEDIA: An example of a blocker (2nd and 3rd sentence of VO)
4.3.3. MED: Talent putting blocker in; position with respect to lenses should be clear (4th sentence)
4.3.4. CU: Detail of blocker mounted in place (4th sentence)
4.3.5. Beam blocker is moved in and out of position and the effect on optical trap is shown on computer screen
4.4. Now, adjust the 1064 beam polarization by using the polarizer to match the spatial light modulator orientation.  Finally, rotate the half-wave plate to set the output power.

4.4.1. MED: Talent adjusting the beam polarization

4.4.2. MED: Talent adjusting the half-wave plate
5. Results: Trapping Multiple Refractive Objects 
5.1.     The assembled setup allows the operator to trap multiple refractive objects in real time, and position them in all three dimensions in the field of view. Here the holographic capabilities of the instrument are shown by trapping microspheres suspended in de-ionized water. Red and green circles show trap positions, with green indicating a trap selected for repositioning. In this clip, playback is sped up by a factor of 8. After an object is trapped, its trap is manually repositioned. The final arrangement has eleven beads depicting the logo of the University of Utah, where this experiment was performed. 

5.1.1.  LAB MEDIA: traps_theU1.avi, go from frame 4890 (5:26) to end, at 8 times frame rate (Video editor: Please point out the microspheres (white circles) and the red and green circles when mentioned.)
5.2.     The system also allows the use of both the holographic and conventional traps together. Here, two rows of holographic traps are defined and controlled by the operator. An additional conventional trap is defined between the two rows. Microspheres suspended in de-ionized water are bound by the traps. The center bead is moved to a maximum spatial displacement of 4.1 µm and then back to its original location. 

5.2.1.   LAB MEDIA: vid26.avi, 0:00 to 0:17 (approximate) (Video editor: Please highlight the two outside rows, then the center position when mentioned. )

5.3. Under the same circumstances, but with the center bead moving at 82 µm/s, this sequence of frames is produced.  Note the motion blur in the second and third images.  

5.3.1.  LAB MEDIA: 50481fig3highres.jpg, bottom sequence.

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
5. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
5.1. Author name Dr. Michael Vershinin: After watching this video, you should have a good understanding of how to lay out and align a dual optical trap system with independent holographic and normal trap in the same setup.

5.2. Author name Jacqualine Butterfield: Don't forget that working with high power lasers can be extremely hazardous and precautions such as wearing proper protective eyewear.   
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


