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**Note please see supplemental at end of protocol for more information on using the devices without plasma bonding.

Preparing Microfluidic Devices For Neuron Cell Culture
1)  Clean Corning No.1 24 mm X 40 mm glass slides.

A)  We first sonicate the glass slides in a water bath sonicator for 30 minutes.
B)  Next we rinse the glass slides with 70% EtOH
C)  The slides are then washed three times with dH2O
D)  The slides are allowed to dry in a tissue culture hood for several hours, preferably overnight.

*We have special metal trays that we load with the slides. The slides are separated individually and placed in slots in this metal rack.   We can then place these metal loading trays in a glass dish that we fill with water, place in the water bath sonicator, and sonicate for 30 minutes.  Subsequent washes are carried out in this dish.

2)  Preparing the devices

A)  We cut out the PDMS mold from the silicon wafer, punch holes in the PDSM cast, quarter the cast, then clean the PDMS devices by first blowing inert gas (Argon or   Nitrogen) across them.  Then we use 3M Scotch Brand 471 tape to lift off any remaining debris.

*It is important to keep the devices face up.  That is, initially when we cut the PDMS away from the silicon wafer, the side in contact with the wafer is the clean side.  It contains the microfluidic channels.  We try to be as careful as we can as to not damage the device and keep the clean side face up until we are ready for plasma bonding.

B)  The devices are autoclaved in plastic containers.

C)  After autoclaving, clean No. 1 corning glass slides and the devices are plasma 

Treated using a Harrick brand plasma cleaner, www.harrickplasma.com
D)  Next the devices are placed clean side down on the glass slide.  The device is now plasma bonded to the glass slide.

3)  Coating The Devices With Poly L-Lysine (PLL)

A)  PLL is added to a well on each side of the device and allowed to flow through into the next well.  If you look at a device you will see 4 wells.  Each two are connected.  You want to put the PLL in one well so that it will flow through the device into the next well.
We use 150 ul of PLL for the large wells and 30 ul PLL for the smaller wells.  It does not have to be exact as long as the wells are full.
B)  Allow the PLL to flow through the device for about 10 minutes and then add more PLL to the wells to fill them up.

C)  Place the devices containing PLL in an incubator at 37°C for a minimum of 4 hours.  Overnight is preferable.

D)  Vacuum out the excess PLL after treatment but be careful not to suck all the liquid out of the device.  You do not want to introduce air bubbles to the channels or chamber.  Just vacuum out the excess PLL in the wells.

E)  Next add autoclaved dH2O to each well on either side of the device and allowed to flow to the other well by capillary action.
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Above is a diagram of a neuronal microfluidic device.  Notice how the Blue (Soma side) is connected and the Red (Axonal side) are connected.  When we say put the PLL, or water or media on one well on each side of the device what we mean is for example:  Place 150 ul of autoclaved dH2O in one Blue Well then place 150 ul of autoclaved dH20 into one Red Well.  The water (or PLL, or Media, or Cells) will flow through the device to the other corresponding well.
*Please note that from now on when I say place media, cells, water or PLL in the TOP wells I am referring to the diagram above where the Soma would be on the left and the Axons will grow to the right. 

F)  Aspirate off the water (again being careful not to fully remove all the liquid from the device ) then add another 150 ul of autoclaved dH2O to one of each connected well (see diagram above) and allow it to flow through to the corresponding well.

G)  Place the device containing dH2O in an incubator at 37°C for 1 hour then repeat the was step again.  Wash the devices three times with dH2O for one hour each was total.
**Update 9/18/06 – Due to the possibility that borate from the PLL can absorb into the PDMS, some in the Jeon Lab recommend incubating the devices overnight with autoclaved dH2O after a couple of initial quick rinses.  This will ensure all free borate will leach out of the PDMS prior to the loading of cells.  If not done, there may be a release of borate into the media over time which could lead to cytotoxicity.
H)  After you complete washing the device add Neural Basal Media (NBM) with the  necessary factors (glutamax, B27, PenStrep) to the top wells (~150 ul for the large devices and ~30 ul for the small devices).

I)  The devices can be incubated overnight and plated with cells the next day or incubated a minimum of 3 hours with NMB+factors before plating the cells.

Technical Notes:

Regarding  PLL

The PLL coating of the glass slides is crucial.  Slides that are not properly coated will cause the neurons to clump.  Most people perform the PLL coating as described above in our lab.  However, Anne Taylor stores her slides in PLL and washed them then lets them dry thoroughly just before she places devices on them.  The difference here is that she does not plasma bond her devices.  Plasma treating will strip the PLL off the glass surface so if you intend to plasma treat your devices and glass slides Anne’s method will not work for you.  Anne also uses 900 um wide devices so she is not as concerned about soma or dendrites crossing the channels.  We plasma bond the 150 um and 450 um devices to ensure that the neurons will not pass under the device.

Regarding Media and Evaporation

Anne Taylor swears by not changing the media on her neurons once they are plated.  She believes they secrete factors that help keep them healthy and that by changing the media you are removing these factors.   

Others in our lab change the media on the cells every 2 or 3 days or as needed due to evaporation.  For what ever reason, in the incubator Anne uses she does not get any media evaporation.  Apparently it is very humid and has a tight seal.

Our other incubators we use do allow some evaporation.  I recently (at the suggestion of Anne Taylor started covering my devices with 0.5 mil thickness Teflon FEP film (from American Durafilm cat # 50a).  I place my devices on a tray and wrap the whole tray with this film.  This prevents any evaporation but allows gas exchange.  I have been using it for about two weeks now and have not had to change the media on the neurons.
Preparing The Neurons For Loading Into The Devices
We use 18 day old fetal rat cortex that we either buy from a company called Brain Bits or it is prepared here on campus for us.  We prefer to get the tissue fresh.

A)  We obtain 1 fetal brain cortex (2 pieces of tissue) stored in Hibernate E.

B)  We take 3 long glass pipettes and fire them each into successively smaller sizes using an alcohol lamp.

C)  Next the tissues are removed from Hibernate E with a glass pipette and place the tissues in 2 ml of NMB + Factors in a sterile 15 ml tube.

D)  Trituration:  Using a bulb and glass pipette the cortex are passed up and down about 5 to 10 times.  Then, the next smaller pipette is used to pipette up and down the tissue.  Finally the smallest pipette is used to pipette up and down the tissue.  We like to make sure there are no visible chunks.

E)  The cells are centrifuged down at 1100 rpm for 1 minute.

F)  The media is carefully aspirated off the cell pellet.

G)  1 ml of NMB + factors is added to the pellet which is then re-suspended by pipetting up and down.

H)  We then pass the re-suspended cells by gravity flow through a filter to remove any clumps (BD Falcon cell strainer 40 um nylon).
I)  The cells are then counted and plated.
Update 9/18/06 – Recently the Jeon Lab began comparing cells from tissue stored in Hibernate E to cells that were prepared from Tissue initially treated with 0.125% Trypsin in 50% Ca++ free and Mg++ free dissection buffer.  The consensus is that tissue prepared using trypsin yield more viable cells than tissue placed initially in Hibernate E.
This ofcourse depends on whether or not you are going to use the tissue right away or not.  If you are NOT going to use the tissue right away then you need to store the tissue in Hibernate E.  If you are going to use the tissue right away and would like increased viability then treat the tissue with trypsin prior to mechanical trituration. 

This is done by:

First, we dilute  1 ml 0.25% Trypsin (Gibco, Invitrogen) with 1 ml of Ca++ free Mg++ free dissection buffer (final trypsin = 0.125%) into a 15 ml tube.  The trypsin buffer is kept ice cold.  The tissue is placed into the buffer and incubated immediately at 37C for 8 minutes.  After incubation, 10 ml DMEM/10% FBS is added immediated to the tissue to stop the trypsin reaction.  The tube is centrifuged down (1 to 2 minutes 1100 rpm).  The DMEM/10% FBS is removed and the tissue pellet is resuspended in Neural Basal Media containing B27, Glutamax, and PenStrep.  

The rest of the trituration protocol is followed from this point.

Counting the Cells

A)  Into a microfuge tube we add 60 ul NMB + factors, 20 ul of cell suspension, and 20 ul of trypan blue then mix.

B)  We add about 10 ul of this solution to a hemocytometer and count the live cells.

C)  We generally want a concentration of about 2.5 million to 4.5 million cells per ml.  This depends on the volume we resuspend the cells in.  Normally we resuspend the cells with 1 ml NBM (containing B27, Glutamax, PenStrep) per cortex.  This will yield between 2.5 million to 4.5 million cells per ml.  If the tissue was prepared with trypsin, the yield will likely be increased.
Plating The Devices
A)  We load cells into one well of the device. 

B)  We plate 5 ul per small device and 20 ul per big device of primary neurons between 2.5 to 4.5 million cells per ml in concentration.

C)  The cells are allowed to incubate for 10 minutes in an incubator at 37°C so they can start to attach.

D)  Next, approximately 150 ul of NMB + factors is added to each well for the large devices and ~30 ul for the small devices.  Volumes may very depending on the thickness of the PDMS.  All that matters is that the wells are full.

Technical Notes:

Anne Taylor loads 10 ul of cells on the top of the device and 10 ul on the bottom of the device.  Referring to the figure above and looking at the somal side, Anne Taylor puts 10 ul of cells in the top somal well and in the bottom somal well.

Most everyone else in the lab just loads all 20 ul of cells in the top somal well (5 ul in the top somal well for the small devices).

B27, PenStrep, and Glutmax are added to Neural Basal Media (NBM) prior to use.  Once mixed we may store it for up to a week at 4°C.

NBM              25 ml                            dilution

B27               500 ul                               1/50

Pen/Strep      250 ul                                 1%

Glutamax   62.5uL                          0.25%
Poly-L-lysine solution (PLL)

For coating coverslips

25mg poly-L-lysine (Sigma P-1274) in 25ml borate buffer

Leave to sit in fridge for 30 min

Filter sterilize This is from Banker’s protocol. *
*We actually dilute the PLL in borate buffer to a final concentration of 0.5 mg/ml pH 8.5
Supplemental On Using The Devices Without Plasma Bonding

Without plasma treating, Christina Tu, a technician (who does it w/o plasma every week successfully) says to just load the cells right away.

Rember to remove the media from both wells on the soma side (axon side won't matter if you leave the media in).  

It's the fluid flow that allows the cells to enter the main channel.  If you have media in the wells you won't get fluid flow.

Here is an email exchange between a collaborator who was having trouble and Christina Tu:

----------------------------------------------------

Hello Christina, 

I'm Ainsley. I'm collaborating with the Jeon Lab using the PDMS devices and cultured neurons. I believe Joe may have told you I might contact you. 

my problem is that I am having problems keeping the neurons alive in the main channel. They seem to be dying by apoptosis. 

here is what I am currently doing, maybe you see a problem 

Coverslip preparation: 

Note: I also tried without the use of a coverslip and just placed the device into a PL coated 60mm dish. 

-Coverslips are acid washed for a few hours in HCl 

-coverslips are then washed several times in distilled water 

-sonicate for 30 minutes 

-wash and store in 70% ethanol 

-prior to use, coverslips are washed thoroughly with sterile distilled water, dried and coated with poly lysine. Before use coverslips are washed again to remove residual PL, dry overnight, and be ready for use. 

PDMS preparation: 

-PDMS device is washed with 70% ethanol. Allow to dry. 

-the 3M tape is then used to remove any leftover particles 

-PDMS is then autoclaved and be ready for use 

(note: should I be soaking the PDMS in water before use? Does it release toxins that I should be careful about?) 

Device preparation: 

-The coverlsip is placed in a 60mm dish (coverslip is PL coated, washed, dry overnight). 

-PDMS is then place on top of the coverlslip (channel side down) and light pressure is applied to form a seal between the PDM and coverlsip 

-a well for each channel is then loaded with 150um of NB (with glutamax, penstrep, B27) 

-incubate at 37C for atleast 4 hours 

Loading of PDMS device: 

-neuron concentration is ~3 x 106 cell/ml 

-10um is taken and placed very close or into the channel the opening, Another 10um is placed on the opposite channel 

-wait ~ 10min 

-all loading wells are filled to the top with NB with the associated required factors 

-an extra step I do to reduce evaporation is to filled the surrounding area of the 60mm place with about 3ml of NB to act as an evaporation buffer. I also check the levels of the media in loading wells daily to make sure there is no significant evaporation. If there is I change media (and I do make sure new media enters the channels). 

(do you think with the PDMS properties that this can create an hypoxic environment for the cells in the channels?) 

Neuron culture preparation: 

-we use fresh E18 rats (I believe they are Sprague daley) 

-the protocol is almost identical to yours except the neurons are generally plated in a NB plating media that also contain glutamate (which is completely changed in 2 days) 

-I, thinking the glu may have been a problem, now spin down the neurons I receive and replace the media with just regular NB (+factors) and use that to be loaded into the chambers. 

now also, is there a special technique I should be doing to load neurons? should I be injecting them directly into the channels? how do I make sure I get a sufficient number of neurons in the main channel? What would be a sufficient number? 

thanks for your help, 

Ainsley

----------------------

Hi Ainsley,

I'll try to help you. I don't record Joe mention you. Which lab are you in?

A couple things you might want to try,

first, don't autoclave the PDMS. use the 3M tape to remove debris (but shorten the contact time. longer contact of PDMS is toxic to cells), then rinse with 70% EOH and let dry in the hood for about 1 hour. Do this right before you do the dissection, so that the PDMS won't be in the air for too long. 

second, assemble the device right before you load the cells. contacting of PDMS make the cover glass hydrophobic, thus preventing cells come into the chambers smoothly. prepare cells and be ready to load( 5 to 3 x 10^6/ml), place the PDMS to cover glass and load the cells soon. add 10 to 20ul to one opening and make sure it get into chamber, then add another 10-20ul to the other side. 

While you trying these, just plate cells onto the cover glass without PDMS and add medium to the plate. This is you control to test the prep of cover glass and medium.

Good lock!

Christina
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