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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: ______________________________

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__2.3, 3.5-3.6, 4.3, 4.5-4.9_______________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Final assembly step of the device, maintaining both good sealing and cell viability. To ensure success we plasma treat the outer surfaces of the device, while not allowing the cells to dry out and rapidly connect the device to media flow.__4.7-4.8___________________________

1. Introduction (Schematic Overview and Interview)

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

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following method is to image the behaviour of single cells from different strains of yeast under the same dynamic conditions.
This is achieved by fabricating a two-layer microfluidic device where the bottom layer will contain each of the different strains separately and the top layer will provide the dynamic flow conditions. (P1. Show bottom layer, then add top layer … but keep separated as shown.)
As a second step, different yeast strains are placed in the wells, and the device is closed, creating a single channel with multiple separated strains.  (P2, Continue with the first image, but have the wells in the lower layer turn tan as in P2. Then have the upper layer move down to touch the lower layer as in P4.)  
Next, we image the cell responses to dynamic medium changes by controlling the flow rates in the two inputs of the Y-channel.(P3, Can you make P2 turn so it’s oriented like P3? Then have the red lines flow – each red lines begins at the small end near the bend and flows across the long section. In other words, the left-hand red line starts near the top and goes down, the right-hand read line starts near the bottom and goes up.)
The results show different strains subjected to the same dynamic conditions and no cross contamination between wells._(P4, figure 5, A and B)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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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)

1.1. Guy Aidelberg: This microfluidic device has key advantages over other existing systems. It allows imaging multiple distinct strains under the same dynamic conditions. Also important, it can be manufactured easily in any lab, with no special equipment.   

1.2. Yifat Goldshmidt: The idea for this method came from discussion on how to follow the responses of different wild yeast isolates to starvation pulses.

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. Creating a Scotch-tape master
2.1. To start, draw or print out the desired microchannel layout to scale. 

2.1.1. WIDE/MED: Talent  prints desired microchannel layout from computer

2.2. Next, cover a glass-slide with layers of scotch tape to achieve the desired height of the channel  [Text over video: ~60µm per layer]. 

2.2.1. MED/CU: Talent covers a glass-slide with a few layers of scotch tape 

2.3. Place the layout design on a flat surface and align the slide over the design pattern. Now carefully cut the tape on the glass slide according to the layout. 

2.3.1. ECU: Talent places the layout design on a flat surface and aligns the slide over the design pattern. 

2.3.2. ECU: Talent cuts the tape on the glass slide according to the layout, using a scalpel.

2.4. Remove the Scotch tape from all regions of the glass slide except those in the layout of the microchannel.

2.4.1. ECU: Talent removes the Scotch tape from all regions of the glass slide (get shot of those remaining in the layout of the microchannel).

2.5. Place the slide in a 65 (C heating oven for 3 minutes. Then clean gently with ethanol. 

2.5.1. MED: Talent places the slide in a 65 (C heating oven.

2.5.2. CU: Talent sets timer for 3 minutes. 

2.5.3. ECU: Talent cleans slide gently with ethanol.

3. Fabricating a PDMS microfluidic device
3.1. Mix the base and curing components [Text over video: 10:1] of PDMS as recommended by the manufacturer.

3.1.1. MED/CU: Talent mixes the base and curing components of PDMS 

3.2. Pour about 30ml of PDMS mixture into a Petri dish to a height of ~0.5 cm.  Degas the PDMS in vacuum if needed. 

3.2.1. MED/CU: Talent pours PDMS into a Petri dish. 

3.2.2. WIDE/MED: Talent degases the PDMS in vacuum.

3.3. Submerge the glass slide in the PDMS with the patterned Scotch tape facing up. Placing the pattern after the PDMS prevents formation of air bubbles between the slide and dish bottom. Cure for 48 hours at 65 °C, making sure the dish is horizontal using a bubble level.

3.3.1. CU/ECU:: Talent submerges the glass slide in a Petri dish (focus before submerging on the patterned Scotch tape facing up).

3.3.2. CU/ECU: Talent places PDMS at 65 °C making sure the dish is horizontal (get shot of bubble level).

3.4. In a new 90mm Petri dish, pour 3 ml of PDMS mix [Text over video: ~0.5mm deep]. This step can be done on a spin coater if available. Degas and cure as shown earlier.

3.4.1. MED/CU: Talent pours 3 ml of PDMS mix in a new 90mm Petri dish using a spin coater.

3.4.2. MED/CU: Talent places plate to degas.

3.5. Now gently cut out the “flow layer” of the microfluidic device to the desired size. With a biopsy puncher  [Text over video: 1.2mm ID] create holes for the inlets and outlets in the flow layer.

3.5.1. ECU: Talent cuts out the “flow layer” of the microfluidic device to the desired size  using scalpel. 

3.5.2. ECU: With a biopsy puncher , Talent creates holes for the inlets and outlets in the flow layer.

3.6. Also cut out a similarly sized “wells layer” from the second Petri dish, and place on a thick glass slide over the design layout. Then punch out wells in alignment with the microchannels on the layout.

3.6.1. ECU: Talent  cuts out a similarly sized “wells layer” from the second Petri dish.

3.6.2. ECU: Talent places the wells layer on a thick glass slide over the design layout. 

3.6.3. ECU: Talent punches out wells in alignment with the microchannels on the layout.

3.7. Using ethanol, clean both PDMS layers and a glass coverslip [Text over video: 24 x 60 mm], and air-dry. 

3.7.1. MED/CU: Talent cleans both PDMS layers and a glass coverslip using ethanol,

3.7.2. MED/CU: Talent air-dries the coverslip

3.8. Next, treat the glass coverslip and the wells layer PDMS with either standard plasma etcher for non-reversible bonding, or a hand-held corona treater6

 for reversible bonding. 

3.8.1. CU/ECU: Talent treats the glass coverslip and the wells layer PDMS with standard plasma etcher for non-reversible bonding, 

3.9. Carefully place the wells layer on top of the coverslip to cause adhesion, gently rubbing out any air bubbles.

3.9.1. ECU: Talent places the wells layer on top of the coverslip to cause adhesion and gently rubs out an air bubble.

4. Cell imaging experiment
4.1. Prepare desired media in appropriate syringes, and connect to Tygon tubing  [Text over video: 0.02"] threaded through a syringe pump.

4.1.1. WIDE/MED: Talent attaches media-filled syringes to Tygon tubing threaded through a syringe pump.

4.2. Talent : For cell imaging, use yeast strains grown to the desired phase. 

4.2.1. Interview style.

4.3. Vortex the culture thoroughly and transfer 300µl into microcentrifuge tubes.

4.3.1. MED/CU: Talent vortexes the culture thoroughly and transfers 300µl into a few microcentrifuge tubes.

4.4. Gently place 1µl of Concanavalin A [Text over video: 2 mg/ml]  into each well of the  PDMS wells layer. Wash out excess Concanavalin A from each well twice by gently pipetting water.

4.4.1. SCOPE/ECU: Talent places 1µl of Concanavalin A into each well of the  PDMS wells layer.
4.4.2. SCOPE/ECU: Talent washes out excess ConA.

4.5. While the Concanavalin A is drying, wash the strains twice with 300µl of SC medium lacking glucose. Washing residual glucose from the cell walls helps proper adherence to the Concanavalin A.

4.5.1. MED/CU: Talent performs a wash with 300µl of SC medium lacking glucose.

4.6. After vortexing the cells thoroughly,  pipette approximately 0.75µl of the cell suspension into individual wells. Gently wash out residual cells with rich medium. The next two steps need to be performed quickly in order to prevent cells from drying up

4.6.1. ECU: Talent pipettes ~ 0.75µl cell suspensions into individual wells.
4.6.2. Talent gently washes out excess cells with rich medium. 

4.7. As an optional step, plasma treat the chip and the wells, being careful not to hit the wells directly. 

4.7.1. MED/CU: WIth a hand-held corona treater, Talent treats the chip and the wells, (if possible, show angle of device)

4.8. Then under a stereoscope, carefully place the chip on the wells, paying close attention to the alignment between the two. Gently press to adhere the two layers of PDMS. Slowly fill the device completely with about 50 µl rich medium, making sure no air bubbles are left inside the channel.

4.8.1. SCOPE Talent places the chip on the wells, paying close attention to the alignment between the two.

4.8.2. CU: Talent gently presses to adhere the two layers of PDMS.

4.8.3. SCOPE: Talent fills device using a pipette with medium. 

4.9. Now connect the device, inserting the tubes into the appropriate inlets and start media flow. 

4.9.1. MED/CU: Talent connects the device, inserting the tubes into the appropriate inlets

4.9.2. ECU: Talent starts media flow.

Talent: Take care that no air bubbles form in the tubing, as these can get stuck in the device and disrupt the flow. 

4.9.3. Interview style

4.10. Proceed to place the device under a microscope and find appropriate imaging points in each well. Keep the cells under rich medium flow for one hour, or longer if needed, to allow recovery.

4.10.1. MED: Talent places the device under a microscope.

4.10.2. SCOPE:  Talent finds an appropriate imaging point in a well. 

4.10.3. MED/CU: Talent verifies rich medium flow to the cells by checking the flow out of the waste tube.
4.11. Start the experiment with constant flow, setting pump A to 0.8 ml/hr and pump B to 0.2 ml/hr for medium A flowing over 80% of the width of the channel. 

4.11.1. MED/CU: Talent approaches the pump to set constant flow.

4.11.2. ECU: Talent sets pump A to 0.8 ml/hr and pump B to 0.2 ml/hr

4.12. Talent: We can dynamically change the conditions in the device by changing the relative flow rates. The new conditions stabilize within seconds along the entire channel.

4.12.1. Interview style.

5. Results: Dynamic experiment with multiple yeast strains.
5.1. To demonstrate the separation between different strains, two distinguishable yeast strains are imaged in alternate wells. Note that there is no cell leakage between wells. 

5.1.1. LAB MEDIA: 4257_Nachman_Figure5AB.ai

5.2. In this experiment, both strains have the transcription factor MSN2 tagged with YFP. To test the simultaneous effect of dynamically changing conditions, the flow rates in the two input channels were changed to create a step of no-glucose medium.  This resulted in localization of MSN2 to the nucleus. 

5.2.1. LAB MEDIA: 4257_Nachman_Figure5CD.ai

5.3. Importantly, time-tracks of nuclear MSN-YFP levels in single cells can be analyzed so the PDMS microfluidic device can be used for application of concurrent dynamic conditions to multiple wells.

5.3.1. LAB MEDIA: 4257_Nachman_Figure5E.ai

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)

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.
6.1. Guy Aidelberg: While attempting this procedure, it’s important to remember not to let the cells dry out during the assembly of the device.

6.2. Yifat Goldshmidt: Once mastered, this technique can be done easily with no need for soft lithography.
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.  

2.1 -  4257_Nachman_Figure2.ai -  Flow layer design

4.5 – 4257_Nachman_Figure3.ai –  cells placed in wells layer

4.11 -  4257_Nachman_Figure4A.ai Changing flow rates controls channel coverage

4.11 -  4257_Nachman_Figure4B.ai Changing flow rates controls channel coverage

5.1 - 4257_Nachman_Figure5AB.ai – whole well images w/wo H2B-mCherry

5.2 - 4257_Nachman_Figure5CD.ai  - Msn2 localization response to no-glucose step

5.3 - 4257_Nachman_Figure5E.ai – Msn2-YFP nuclear levels in single cells

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.
( 2011, Journal of Visualized Experiments


