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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): YES. If yes, please list make and model of your microscope: _Nikon Eclipse Ti-E Editor’s note: Scope is connected to a camera and only a couple of screen shots are needed.
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_2.2, 3.6, 3.7, 3.11, 4.2 & 5.3.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Loading of the cells into the chip. For loading we use cultures with low ODs (0.1 to 0.5; cell count 1 to 5 *106 cells). One needs to attempt loading a few times to know how hard to push down on the syringe to obtain optimal loading of the cells under the micropads in the microfluidic dissection platform.







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 track single haploid yeast cells during their entire replicative lifespan. (Intro)

The first step is to make a microfluidic chip containing an array of micropads. (Video editor: show the orange Y-shaped graphic from ‘Graphicoverviewfinal.psd’)

Next the yeast cells are loaded into the microfluidic chip, and because the area underneath the micropads has a height similar to the diameter of a yeast cell, the cells will settle there. (Video editor: show the Loading graphic from ‘Graphicoverviewfinal.psd’)

Subsequently, a continuous flow of fresh medium is applied over the trapped yeast cells (Video editor: show the Culturing graphic from ‘Graphicoverviewfinal.psd’), and the emerging daughter cells are washed away by the flow of medium. (Video editor: show the Dissection graphic from ‘Graphicoverviewfinal.psd’)

Brightfield and fluorescence microscopy is used to visualize changes in cell or organelle morphology, protein expression, and protein localization that may occur in aging yeast cells. (Video editor: show the last graphic with the objective from ‘Graphicoverviewfinal.psd’)



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Matthias Heinemann: The main advantage of this technique over existing methods, like the classical dissection method, is that it is less labor intensive and enables continuous and high-resolution microscopic imaging of the entire replicative lifespan of single yeast cells.   
· Note: Videographer swapped around the number of the video shoots (1.2 is Daphne, 1.3 is Georges).
1.2. Georges Janssens: Though this method can provide insight into replicative aging, it can also be applied to other types of studies that require continuous microscopic observation of cells for prolonged periods of time. 
1.3. Daphne Huberts: Generally, individuals new to this method will struggle because care needs to be taken at particular steps of the production of the microfluidic chip. In addition, the loading of the cells under the micropads of the microfluidic chip requires some experience.








Protocol (read by voice talent at JoVE):

2. Preparation of a silicon wafer mold

2.1. The silicon wafer mold is produced by soft lithography. For details of its production, please refer to the accompanying protocol text. 

Shots:
2.1.1. MED: Talent setting out the silicon wafer mold on the work surface.
2.1.2. CU: A shot of the silicon wafer mold.

2.2. Cut a piece of Tough-Tag into thin strips of about 0.5 mm by 3 mm with a scalpel. Place the strips carefully on the silicon wafer mold slightly on top of the channel structure between the inlet channels and the micropad array (Figure 2A).

Shots:
2.2.1. CU: Tough-Tag being cut with scalpel into thin strips.
2.2.2. CU/ECU: Strips being placed carefully on the silicon wafer mold.
2.2.3. LAB MEDIA: 2A from Figure 2.psd

Note from videographer, which probably isn’t important as long as the shoots were slated correctly: “Because of the process we filmed till shot 2.2. from there we skipped to shot 3.5 and back again to shot 2.3.”

2.3. Next, cover a glass petri dish with a double layer of aluminum foil and put the wafer in the petri dish. The aluminum foil will prevent PDMS (pronounced: P-D-M-S) from running in between the wafer and the petri dish during the production of the microfluidic chips.

Shots:
2.3.1. MED: Talent covering a glass petri dish with a double layer of aluminum foil and then putting the wafer in the petri dish.
2.3.2. CU: Match action above: wafer being placed in the aluminum foil-covered petri dish.

3. Production of microfluidic chips

3.1. To begin the procedure for making microfluidic chips, place an empty plastic cup on the balance and tare the balance. Pour 40 grams of PDMS base into the plastic cup. Add PDMS curing agent with a disposable pipette in a w/w ratio of 1:10, which in this case is about 4 ml.

Shots:
3.1.1. MED: Talent placing an empty plastic cup on the balance and then tarring the balance.
3.1.2. CU: 40 g of PDMS base being poured into the plastic cup.
3.1.3. CU: PDMS curing agent being added to the base in the cup.

3.2. Using the disposable plastic pipette that was used to pipette the curing agent, mix the PDMS and curing agent thoroughly for several minutes. It is important that the mixture is well mixed to ensure proper polymerization of the PDMS later.

Shots:
3.2.1. MED: Talent mixing PDMS base and curing agent thoroughly.

3.3. Pour the PDMS on top of the wafer in the glass petri dish. The PDMS mixture in the petri dish will contain a lot of bubbles. To de-gas the PDMS, place the petri dish in a desiccator connected to a vacuum pump for about 30 minutes (text: De-gas for 30 min).

Shots:
3.3.1. CU: PDMS being poured on top of the wafer in the glass petri dish (Videographer: please include footage of the mixture containing bubbles).
3.3.2. MED: Talent putting the petri dish in a desiccator connected to a vacuum pump.

3.4. When all bubbles have been removed, polymerize the PDMS by placing the petri dish with the wafer on top of a hot plate at 120 °C for 1 hour (text: 120 °C; 1 h), followed by 65 °C for another hour (text: 65 °C; 1 h). 

Shots:
3.4.1. CU: A shot of bubble-free PDMS on top of the wafer.
3.4.2. MED: Talent placing petri dish with wafer on hot plate at 120 °C and then walking away.
3.4.3. CU: Temperature of hot plate being turned down to 65 °C.

3.5. After the two hours, remove the aluminum foil, wafer, and polymerized PDMS from the glass petri dish. Peel off the aluminum foil and PDMS from the back of the wafer. Then carefully lift the layer of PDMS from the top of the wafer.

Shots:
3.5.1. MED: Talent removing aluminum foil, wafer and polymerized PDMS from the glass petri dish.
3.5.2. CU/ECU: aluminum foil and PDMS being peeled off from the back of the wafer.
3.5.3. CU/ECU: Layer of PDMS being carefully lifted from the top of the wafer.
3.5.4. CU shot again of PDMS and wafer (Video Editor: sounds like you can use either 3.5.3 or 3.5.4 or use both)

3.6. Place the PDMS layer upside down, with the channels facing up, on the bench, and carefully cut out the single chip designs imprinted on the PDMS with a scalpel. Try to retain about 3 mm of PDMS around the edges of the channels.

Shots:
3.6.1. MED: Talent placing the PDMS layer upside down on the bench.
3.6.2. CU: Single chip designs being cut out carefully with a scalpel.
3.6.3. CU: A shot of the cut-out design with 3 mm of PDMS around the edges of the channels.

3.7. The next step is to punch holes in the PDMS at the ends of the inlet, outlet and side channel as illustrated in this diagram (Figure 2A). To punch a hole, push a 20-Gauge Luer stub all the way through the PDMS in a straight manner. Remove the column of PDMS in the Luer stub with tweezers before pulling the stub out again. This prevents the PDMS column from blocking the newly punched hole.

Shots:
3.7.1. LAB MEDIA: 2A from Figure 2.psd (Video editor: please highlight the 3 black circles).
3.7.2. CU: 20-Gauge Luer stub being pushed all the way through the PDMS in a straight manner.

3.8. Remove the column of PDMS in the Luer stub with tweezers before pulling the stub out again. This prevents the PDMS column from blocking the newly punched hole.

Shots:
3.8.1. CU: Column of PDMS in the Luer stub being removed with tweezers and then the stub is pulled out. Combined with shot 3.7.2.

3.9. Once all the holes have been punched, clean the surfaces of the chip from dust particles and residual PDMS by placing scotch tape on it and immediately removing the tape. Similarly clean the cover glass to which the chip will be attached.

Shots:
3.9.1. CU: A shot of the chip with all 3 holes punched out.
3.9.2. CU: Scotch tape being placed on chip and immediately removed.
3.9.3. MED: Talent cleaning the cover glass with tape method.

3.10. Place the chip and cover glass below the UV lamp of a Benchtop UV-Ozone Cleaner with the sides that need to be bonded together facing the lamp. Expose to UV light for 6 to 8 minutes (text: Expose to UV for 6-8 min) and put the exposed surfaces on top of each other.

Shots:
3.10.1. CU: Chip and cover glass being placed below the UV lamp of a Benchtop UV-Ozone Cleaner.
3.10.2. CU: Exposed surfaces being placed on top of each other.

3.11. Gently tap around the sides of the chip to promote attachment of the PDMS to the cover glass and to remove any air bubbles. Do not tap on top of the channel structure as this may cause the micropads to get attached to the cover glass as well (text: Tap gently around sides. Do not tap on top of channel structure!)

Shots:
3.11.1. CU: Talent gently tapping the sides of the chip.

3.12. Place the newly made microfluidic setup on a hot plate at 100 °C for 60 minutes (text: 100 °C; 60 min).

Shots:
3.12.1. MED: Talent putting the microfluidic setup on a hot plate at 100 °C.

3.13. Afterwards check the bonding of the cover glass to the PDMS chip by slightly lifting up the edges of the PDMS chip. If this is not possible, the bonding is successful and the chip is ready for use.

Shots:
3.13.1. CU: Talent trying to lift up edges of the PDMS chip and not being able to do so.


4. Preparing the chip for cell loading

4.1. To prepare the microfluidic chip for cell loading, place the chip in the metal holder, with silicone gel between the glass of the chip and the metal parts of the holder to create a waterproof seal. Screw the nuts gently to avoid breaking the glass.

Shots:
4.1.1. MED: Talent adding silicone gel to chip and then placing the chip in the metal holder.
4.1.2. CU: Match action above: chip being placed in metal holder. Author’s Note: “Combined with previous shot in first take, but also present as a separate shot.”   

Videographer’s Note: “Shot 4.1.1. shot 4.1.2. and shot 4.1.3. are combined/filmed into one shot.”
4.1.3. CU: Nuts being screwed gently.

4.2. Connect thin tubes (text: 5-15 cm long) to the side channel and the outlet channel of the chip. The use of tweezers makes it easier to insert the tubing in the punched holes.

Shots:
4.2.1. CU: Tube being connected to the side channel.
4.2.2. CU: Tube being connected to the outlet channel.

4.3. Fill a 50-ml Luer-Lok syringe with culture medium, remove the air from the syringe, and connect it sequentially to a syringe filter, a 20-Gauge Luer stub, a short thick tube, and a thin tube.

[bookmark: _GoBack]Shots:
4.3.1. MED: Talent filling a 50-ml Luer-Lok syringe with culture medium and removing air from syringe and connecting to a syringe filter.
4.3.2. CU: Syringe being connected sequentially to a 20-Gauge Luer stub, a short thick tube, and a thin tube.

4.4. Place the syringe in the syringe pump, and fast forward the pump until the thin tube is completely filled with medium.

Shots:
4.4.1. MED: Talent placing the syringe in the syringe pump.
4.4.2. CU: Pump being fast forwarded until the thin tube is completely filled with medium.  Note: Separated into a shot with pushing button on syringe pump & a shot of medium dropping from tube.

4.5. Push the thin tube connected to the syringe into the inlet channel of the chip and let the medium flow through the chip at a rate of 10 µl/min (text: Flow rate = 10 µl/min). Collect the medium leaving the chip. The medium will run out via the side channel, because of the resistance difference between the large Tough-Tag-made side channel and the outlet channel.

Shots:
4.5.1. CU: Thin tube connected to the syringe being pushed into the inlet channel of the chip.
4.5.2. CU: Medium running out the side channel and being collected in a petri dish.
Note: There is an additional shot (5.5.2) in which the flow rate of the pump is set to 10 ul/min.
4.5.3. LAB MEDIA: 2B from Figure 2.psd (Video editor: maybe you can highlight the dark orange arrow that illustrates the direction of the flow of medium)

4.6. Place the chip on the microscope stage and set the focus of the microscope on the pads.

Shots:
4.6.1. MED: Talent placing the chip on the microscope stage and setting the focus of the microscope on the pads.



5. Loading of yeast cells into the microfluidic chip

5.1. To begin this procedure, connect a 5-ml Luer tip syringe to a 20-Gauge Luer stub and a thick tube. Load the syringe with approximately 1 ml of the cell suspension to be loaded into the chip. The preferred cell count for loading is between 1 and 5 x 106 cells per ml (text: 1-5 x 106 cells/ml).

Shots:
5.1.1. MED: Talent connecting a 5-ml Luer tip syringe to a 20-Gauge Luer stub and a thick tube.
5.1.2. CU: Syringe being loaded with 1 ml of cell suspension.

5.2. Decrease the flow rate of the syringe pump to 0.5 µl/minute (text: Flow rate = 0.5 µl/min).

Shots:
5.2.1. MED: Multiple takes from different angles of talent decreasing flow rate of syringe pump.  Shot will be repeated later.
5.2.2. Talent – interview style to camera: “The most challenging aspect of this procedure is the loading of the cells into the chip. This usually requires some practice.”

5.3. Connect the syringe containing the cell suspension to the tube of the outlet channel. Load the cells by pressing on the plunger of the syringe gently. Observe the cells coming in and settling underneath the micropads via the ocular or the computer screen. 

Shots:
5.3.1. CU: Syringe containing the cell suspension being connected to the tube of the outlet channel.
5.3.2. CU: Plunger of the syringe being pressed gently.
5.3.3. LAB MEDIA: 2C from Figure 2.psd (Video editor: the black arrow indicates the cells being loaded)
5.3.4. SCREEN: Cells coming in and settling underneath the micropads (author will provide video clip).

5.4. Maintain pressure on the plunger until sufficient cells settle underneath the pads. The optimum load is 1 to 3 cells per pad.

Shots:
5.4.1. MED: Talent maintaining pressure on the plunger.-Note: Same as shot 5.3.2.
5.4.2. SCREEN: Enough cells settling underneath the pads.

5.5. Disconnect the syringe used for cell loading and flush the side channel for a couple of minutes at higher flow rates (text: Flush at 10 µl/min) to remove air bubbles and/or cells that did not yet exit the chip. 

Shots:
5.5.1. MED: Talent disconnecting the syringe and flushing the side channel. Note: Shot in two parts; one of syringe being disconnected, second of drop coming out of side channel (only thing that is visible when flushing side channel)
5.5.2. SHOT added: Increasing flow rate of pump to 10 ul/min.
5.5.3. LAB MEDIA: 2B from Figure 2.psd

5.6. Decrease the flow of the syringe pump to 0.5 µl/min again and close the side channel off by connecting it to a thick tube containing a catheter plug at its end (Figure 2D).

Shots:
5.6.1. Use shot from 5.2.1.
5.6.2. CU: A thick tube with a catheter plug being connected to the side channel.
5.6.3. LAB MEDIA: 2D from Figure 2.psd (Video editor: the black X is the plug)

5.7. Increase the flow of the syringe pump to a final flow rate of 1-5 µl/min (text: Final flow rate = 1-5 µl/min). Flow rates may vary depending on the medium and yeast strain. Start a movie with the microscope and camera settings suitable for the goal of the experiment.

Shots:
5.7.1. MED: Talent increasing the flow rate of the syringe pump.
5.7.2. MED: Talent starting a movie with the microscope with the appropriate settings.


6. Results: observation of replicative aging of budding yeast

6.1. In this protocol, cells are loaded into the microfluidic chip directly from a mid-exponential culture. To ascertain whether the age distribution of cells trapped in the microfluidic chip is similar to that of the culture prior to loading, cells were stained with wheat agglutinin conjugated to FITC to visualize bud scars. The results (Figure 3) indicate that the entrapment of cells under the micropads of the microfluidic chip is not biased to cells of a certain age.

Shots:
6.1.1. LAB MEDIA: Figure 3.psd

6.2. This is an example time-lapse movie of a single wildtype yeast cell growing on YPD medium. Images were taken every 10 minutes and the scale bar represents 5 μm. The cell produces a total of 30 buds before it dies.

Shots:
6.2.1. LAB MEDIA: Movie1.avi

6.3. Replicative lifespan can be determined by counting the number of buds produced by a single mother cell. This data is transformed into a lifespan curve by plotting the percentage of viable cells against the number of buds produced, or the number of generations. This figure (Figure 4) shows an example of lifespan curves obtained for a wildtype yeast strain (Video editor: please highlight the WT curve) and two mutant strains (Video editor: please highlight the sir2 and fob1 curves). Deletion of the SIR2 gene results in a shorter lifespan while deletion of the FOB1 gene results in a longer lifespan.

Shots:
6.3.1. LAB MEDIA: Figure 4.psd

6.4. Mitochondrial morphology as a function of age can be studied using the microfluidic device. An aging experiment was performed with BY4742 wildtype yeast cells expressing ILV3-GFP, which is targeted to the mitochondria (Figure 5A). In this figure a representative example of age-associated changes in mitochondrial morphology in a single cell is indicated by the white arrow. All images are scaled identically and the scale bar represents 5 μm.

Shots:
6.4.1. LAB MEDIA: 5A from Figure 5.psd

6.5. This second time-lapse movie is of a single cell expressing ILV3-GFP from the experiment where mitochondrial morphology as a function of age was observed. Images were taken every 30 minutes and the scale bar represents 5 μm.

Shots:
6.5.1. LAB MEDIA: Movie2.avi

6.6. This final figure shows the mitochondrial morphologies observed in the same set of cells at different replicative ages: before producing their first bud (Video editor: highlight the 0), after 10 buds (Video editor: highlight the 10) and prior to death (Video editor: highlight the †). An example image of each morphology class is included: tubular, fragmented, tubular and spots, and large spots (Video editor: highlight each panel as the morphology is mentioned). The morphology changes seen in mid-aged cells resemble those reported previously.

Shots:
6.6.1. LAB MEDIA: 5B from Figure 5.psd


7. Conclusion (said by authors on camera)
7.1. Georges Janssens: By continuously monitoring cells as they divide, this method can help answer key questions in the yeast aging field, such as why does a cell age, when do particular phenotypic changes occur in the cell, and how do these changes affect replicative lifespan.
7.2. Daphne Huberts: After watching this video, you should have a good understanding of how to create your own microfluidic chips and study aging in yeast at the single cell level with essentially any fluorescent microscope.


Provided Media

1A. Graphicoverviewfinal.psd
2.2. 2A from Figure 2.psd
3.7. 2A from Figure 2.psd
4.5. 2B from Figure 2.psd
5.3. 2C from Figure 2.psd
5.3. Screen capture of cell loading –cells coming in and settling underneath the micropads (to be provided by author)
5.4. Screen shot of enough cells settling underneath the pads (to be provided by author)
5.5. 2B from Figure 2.psd
5.6. 2D from Figure 2.psd
6.1. Figure 3.psd
6.2. Movie1.avi - Time-lapse movie of a single wildtype BY4741 yeast cell at 60x
6.3. Figure 4.psd
6.4. 5A from Figure 5.psd
6.5. Movie2.avi - Time-lapse movie of mitochondrial morphology in a single wildtype BY4741 yeast cell expressing Ilv3-GFP at 60x
6.6. 5B from Figure 5.psd


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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