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Parts of the Device

Actuator (top left), Power supply (top right), LCD screen (middle), power adapter (middle right),
motor shield (bottom left), USB-Arduino connection (bottom right)

PDMS mold (right) and example of molded PDMS culture chamber (right)

Molding the PDMS Culture Chamber (Time: approximately 2 hours)
1. Spray PDMS mold insides with silicone release spray according to directions on the
bottle.
2. In a weigh boat, measure 22 g PDMS elastomer and 2.2 g curing agent.

3. Mix elastomer and curing agent thoroughly. The mixture will be opaque from bubbles
due to mixing.
4. Pour mixture into the bottom of the cell chamber.
5. Turn on the vacuum oven. Check that the vent and vacuum valves are closed (clockwise
close). Insert bottom of mold into the vacuum oven. Apply pressure on door and lock.
a. Turn on the pump behind the vacuum oven. Slowly increase vacuum using
vacuum valve.
b. Degas using vacuum oven to 20-25 psi.
c. Vent to 0 psi. Close vent before applying vacuum again.
d. Degas and vent a second time.

6. Remaining bubbles may be popped by vigorously tapping the mold. If bubbles remain,
degas and vent mixture again.
a. If bubbles still remain, pop or draw to ends of the mold with a pipette tip. It is
important that no bubbles remain in the middle of the mold where the cell culture
well will be.

7. Carefully place the top on the mold so that bubble introduction is prevented.

8. Heat the vacuum oven to 100°C by increasing temperature on vacuum oven display.
Heating will take ~30 minutes.
9. Once oven is heated, insert mold and bake for 35 minutes.
10. With mitts, remove mold and cool. Carefully remove the chamber from the mold.

Important: If you are not careful to remove the bubbles, your final chamber well will have
bubble contamination. This will weaken your mold and make imaging more difficult.
Some small bubbles in the chamber mold well are fine.

Preparing the Chamber for Cell Culture
1. Sterilize the PDMS chamber.
a. Fill one container with 70% ethanol and three containers with PBS.
b. Completely submerge PDMS in ethanol bath, then drain. Completely submerge
in first PBS bath to rinse ethanol from the PBS. Repeat with second and third
PBS baths.
c. Wipe off excess PBS with Kim wipes.
2. Coat chamber with ECM. (Coating procedure will need updated with PDMS
troubleshooting)
a. 7.97mL 0.2M Acetic Acid and 0.13mL collagen mixed to create 48.15
microgram/mL collagen mixture. This should be enough collagen to completely
cover two PDMS well.
b. Note: The final collagen concentration is be 12.5 microgram/cm^2.
c. Let collagen mixture dry on PDMS chamber for 1+ hours.
d. Rinse chamber with PBS solution 3 times before seeding cells.
e. Seed cells immediately (or store in refrigerator (below 5OC) for later use).

Setting up the Device
1. Collet the following materials to set up the mechanical bioreactor:
a. Actuator in its machined housing.
b. Motor shield
c. Power supply (DO NOT CONNECT THIS UNTIL TOLD TO DO SO!)
d. USB to arduino power cord

2. Connecting everything:
a. On the wires that come out of the actuator and the wires coming off the motor
shield have a connector on each end. Connect these two together as seen in the
picture. To release this connection, push down on the small tab with three strips
and pull.

b. Now connect the power supply. There are two green wires that are coming off
the motor shield, these should have a connector that the other end. This is for
the power supply connection. Connect this first and then plug it into the wall.
There should be a green LED that comes on just beside where the two wires are
connected. This means everything is getting power. The

c. The LCD screen should light up with the words “Mech. Actuator” listed on the
screen. If this is the case, you are ready to go.
d.
3. Running a test program:
a. This is a test to make sure everything is running right and to go through the
controls. There are five buttons clustered together. There are four that look like
up, down, left and right and then one is labeled select. Here are what each
button can do:
i.
Select = run program when pressed
ii.
Up = Allows for time selection (in minutes). Hold down to increase time.
iii.
Down = Frequency selection from the three available.
iv.
Left = Strain % selection.
v.
Right = This button does nothing and will display the words “Right”

b. Now to setup a test program to make sure everything works. Enter the following
into the LCD screen, if you mess up, press reset to bring it back to the Mech.
Actuator screen.
i.
Time = 1 min
ii.
Strain % = 15
iii.
Freq = 9 Hz
c. Once this is all in, press select to run test.
d. Notes for running and entering in program.
i.
DO NOT press the reset button during testing as this can cause it to fully
retract and cause you chamber to break!!!!
ii.
Please select time wisely. You need to have the breaks selected for
when you want to image. Example: you want to test for 8 hours and
image every 2 hours. You need to set the program up for two hour
durations, not 8 since you cannot stop the program mid test.
iii.
Press and hold the time button down to increase the time.
iv.
You need to re-enter the information each time you run a test since it
does not save.
v.
The actuator may not be able to work for all percentages and frequencies.
Please retest using the time of 1 min to make sure everything works.
vi.
There will be number that is output during testing under the works
“Program Running”. This is the number that the program recognizes as
position. The code calculates it already but if you want to estimate
exactly how much is moves, here is a table that includes this information.
This is to note that the number will not always be the same and it may
skip to a lot lower of a number but this will not affect the overall strain
percentages.

Working the Code: (From the very base - for Dr. Bailey)
1. Starting code on a new computer:
a. Make sure to have a copy of the code with all the files. The file name is
TestTime_2 and it will be an arduino file. It will be in it own folder. There is also
a folder with the name libraries, this should be there as well. How to download
and make sure all the files are where they need to be. Please keep in mind the
pictures are taken on a Mac so it may look a bit different for a PC.
i.
If you need to download the arduino software, it can be found here:
1. https://www.arduino.cc/en/Main/Software
ii.
Make sure to have the files downloaded. Please note they must be in a
large file named “arduino” and each new code must be in its own folder by
its name. It should look like this:

iii.

Each folder besides libraries is a code file that is in its own folder.
The following files are needed, please note that example shown as more
files for other projects.
1. TestTime_2.ino
a. This is the actual code file.
2. Libraries: These should be in the “Libraries Folder”

a. Adafruit_MotorShield
b. Adafruit_RGBLCDShield

b.

Only the first two library folders are needed. You do not need to
change anything in them, they just need to be there to
modify/export any code.
3. To redownload the libraries or have help understanding how they
are set up, please go to the following link:
a. https://learn.adafruit.com/adafruit-motor-shield-v2-for-ardui
no/overview
b. This link is to an overview of the adafruit motor shield and
includes instructions and links on how to get libraires. This
only goes to the first page and there is a table of contents
on the side.
Opening code in Arduino software:
i.
Once all the steps above are followed and you have the software
necessary, open the code from wherever the file is being kept:
1. Find the “Arduino” file stored on computer, then follow the path:
2. Arduino -> TestTime_2 -> TestTime_2.ino
3. Downclick on the file name and then the software should start to
open. Here is up the loading screen will look like:

4. Once it opens you should see something like this:

c. Uploading code to device:
i.
To upload code to device if something needs to be changed or it needs a
refresh: Start by collecting the USB cable to connect to the motor shield
and the motor shield.
ii.
Connect both the computer and the motor shield as shown here:
d. Now that it is connected, you can upload the code. Above the file name as
shown in the picture above, there is a check mark and an arrow. The check
mark just makes sure the code works right. If anything is changed in the code
you can use this to check it. The arrow uploads to device:
i.
Click the arrow to to device.
ii.
The blue bar above the black area at the bottom of the screen should
read “Uploading” and maybe include a progress bar as seen here:

iii.

If it works, you will see the “Done Uploading” appear the code device is
ready to go.

iv.

If you get an error and it mentions “Port” not found, please see step e for
directions. If there are any other errors, please feel free to email me at
enw4374@gmail.com. I can try to help.
e. The computer should automatically recognize the arduino but in case it does not,
make sure the port is selected right. To check this:
i.
Under the arduino menu, go to “Tools”
ii.
Follow the drop down to the selection “Port”.
iii.
Here you should be able to select the port needed. It may be called
something else but for the computers I have been working on, it comes up
as:
1. /dev/cu.usbmodem1421 (Arduino/Genuino Uno)

Seeding Cells into the Culture Chamber
1. Assemble supplies for passaging cells including the clean PDMS chambers, the live
culture flasks, pipettes, and PDMS chamber holder.
2. Pour off ECM soak if necessary. Rinse with PBS.
3. The PDMS chamber is ready to be seeded with cells. Assemble PDMS chamber on
holder before seeding with cells to prevent spilling.
4. Remove media from live cells.
5. Rinse cells with about 2 mL PBS.
6. Add 1 mL trypsin. Let sit for five minutes or until cells detach.
7. Add 15 mL of media to deactivate trypsin and gently mix.
8. Add 5 mls of suspended cells to each PDMS chamber. Add 7.5 mL of suspended cells to
each T-25 backup flask.

Executing Experiments
1. Place the device in the incubator and allow to come to incubator temperature.
2. Place the seeded cell culture chamber onto the device.
3. Once experiment has been uploaded, begin experiment by hitting the rightmost black
“Start” button.
4. AVOID HITTING RESET BUTTON IF POSSIBLE. The actuator will stop moving once
the test is complete.
a. If you must stop the test, hit “Reset” while the actuator is moving
outwards/towards the far end of the device. Resetting the device while it is
moving back towards the actuator will cause the actuator to come back to home
position. This will result in a snapped PDMS chamber.
5. Once the test is completed, carefully lift the culture chamber off of the device. The
chamber is ready for imaging.

The actuator assembled and placed in the incubator.

An example of how the PDMS chamber fits on the device.

