Procedure:

Extraction of Nuclei from Postmortem Brain Tissue

1. Homogenize 250 mg of frozen postmortem gray matter in Lysis Buffer1 and prepare for ultracentrifugation
!CAUTION! Human tissue must be handled with care under strict safety conditions.  It should be handled at BSL-2 or higher safety standards.

(i) take previously dissected 250 mg, postmortem brain from -80oC and place it into a douncer containing 5 ml of Lysis Buffer1 on ice.  Once the tissue has thawed begin to dounce for 1 minute while on ice. 

▲CRITICAL STEP It is important to homogenize the tissue on ice as the tissue is not fixed. 

!NOTE! This step is repeated 4 times to homogenize a total of 1000 mg of tissue per sample in order to acquire around 5 million nuclei.

(ii) take the homogenized tissue and place it into a 15 ml clear ultracentrifuge tube and put the tube on ice.

(iii) place 9 ml of Sucrose Solution2, with the use of a pipette, to the bottom of the clear ultracentrifuge tube and release the Sucrose Solution2 to create a concentration gradient with the homogenized tissue solution.

(iv) weigh the ultracentrifuge tubes and adjust the weights by adding Lysis Buffer1 to the top layer for balance.

(v) place tubes into the buckets of the SW28 rotor.  Then place the buckets on the rotor, and the rotor into the ultracentrifuge.

(vi) ultracentrifuge the samples at 107163.6 RCF for 2.5 hours at 4oC.

(vii) once the ultracentrifugation is complete, aspirate off the supernatant, along with the layer of debris found at the concentration gradient, while being careful not to disturb the pellet at the bottom of the tube.

(viii) add 500 µl of 1XPBS to each pellet and let sit on ice for 20 minutes.

▲CRITICAL STEP  It is important to let the pellet sit on ice for 20 minutes and dissolve a little on its own.  This makes it easier to later mechanically dissolve it by pipetting up and down, thus lessening the amount of stress the nuclei experience.

(ix) after the 20 minute incubation, mechanically pipette up and down to completely dissolve the nuclei with 1XPBS.

(x) Remove the dissolved nuclei from the ultracentrifuge tubes and combine the contents of two such tubes into a single 2 ml microcentrifuge tube.  Place the samples back on ice.

Immunostaining of Purified Nuclei

1. Begin to make an immunostaining mixture composed of primary antibody, secondary antibody and blocking mix.

(i) into 300 µl of 1XPBS, add 1.2 µl of NeuN, 100 µl of Blocking Mix (0.5% BSA and 10% Normal Goat Serum in 1XPBS), and 1 µl of Alexa Fluor 488.

!NOTE! For the fluorescence activated sorting we need both an unstained control, which contains nuclei only in 1XPBS, and a negative control that excludes the primary antibody NeuN and in its place is replaced with 1XPBS.  

(ii) vortex the immunostaining mixture and incubate it for 5 minutes at room   temperature while keeping it in the dark.

(iii) during the 5 minute incubation begin to make the controls for the samples.

(iv) for the unstained control aliquot 20 µl of the nuclei, from the sample, into a 2 ml microcentrifuge tube holding 300-500 µl of 1XPBS.

(v) for the negative control aliquot 20 µl of the nuclei, from the sample into a 2 ml microcentrifuge tube holding 980 µl of 1XPBS.

(vi) Raise the volume of the original nuclei containing sample back up to 1 ml with 1XPBS. 

!NOTE! Make sure all samples and controls are kept on ice as the nuclei are not fixed. 

(vii) once the 5 minute incubation is complete add 401 µl of the immunostaining mixture into the appropriate samples.  The sample to be sorted will receive the mixture containing both NeuN and Alexa Fluor 488, while the negative control will receive the mixture containing only the secondary antibody Alexa Fluor 488.

(viii) place the samples on a rotator and rotate at 4oC for 45 minutes while keeping the samples in the dark.

(ix) after the 45 minute incubation, place the samples on ice, while still keeping them in the dark, and transfer them to the Flow Cytometry Core Facility.  Also, at this step, one should place an aliquot of 10 µl labeled nuclei suspension on a coated glass slide to check the staining under the microscope (see Figure).

▲CRITICAL STEP   It is important to do extract the nuclei and stain them on the same day as the fluorescence activated sorting, since the nuclei are not fixed and are sensitive to any temperature changes.

Isolation of Neuronal Nuclei by Fluorescence Activated Sorting

1.  At the Flow Cytometry Core Facility the samples are run through the FACSVantage SE/DIVA.  The machine contains three lasers; an argon-ion for 488 nm, a tunable helium-neon for 633 nm, and a Kryton laser. All nuclei are first filtered through a 40 µm mesh before sorting and are collected into a solution of 1XPBS in 5 ml collection tubes.  The machine is able to sort an average of 5,000-12,000 nuclei/second.

(i)
to begin the sort, the unstained nuclei are run first through the machine, while being kept cold, to establish the degree of negative fluorescence. Based on this information, adjust the machine’s sensitivity to fluorescence.

▲CRITICAL STEP Always sort all nuclei samples while keeping them cold since the nuclei are not fixed. 

(ii) 
the stained control is run second to control for any background noise due to auto-fluorescence.  

(iii)
to control for background using the unstained nuclei and the negative control (defined as samples incubated without primary antibody, see above) three different gates need to be taken into consideration and adjusted appropriately for the sort.

a.
The first gate recognizes patterns of debris and viable nuclei based on a combination of settings such as fluorescence.  The x-axis represent forward scatter, which corresponds to relative size, while the y-axis account for side scatter, which accounts for internal complexity such as granularity. The first gate can also give an idea of the size of the different nuclei found within the sample.  This allows for separation of debris from actual nuclei.  
b.
the second gate only sorts individual nuclei, while discarding any aggregates.  This gate looks at differences in lengths of time that nuclei take in order to go through the laser; those which are aggregates normally take longer to pass through.  This particular parameter is very important as inclusion of aggregates can interfere with purity, since some fluorescent nuclei may be bound to non-fluorescent ones. 
c.
the third gate is set to a specific fluorescence wavelength, matching that of the fluorochrome found in the secondary antibody. In this particular FACS chart you see the fluorescence level along the x-axis and a deep red channel detector PE Cy7 along the y-axis.  Placing this gate allows to sort and separate NeuN+, neuronal nuclei from NeuN-, non-neuronal nuclei.
(iv)
once all the gates have been chosen the nuclei are sorted into a solution of 1XPBS.

(v)
at the end of the sort, check the purity of the sort by running an aliquot of the sorted sample through the instrument.  At this point compare the pre-sort sample, which contains a mixed population of nuclei, to the sorted aliquot that has eliminated most of the negative nuclei. 
!NOTE! Purity percentages are based on the number of events that contaminate the sample based on the gates that were set.  Also, keep in mind that the first time the sample is run through the machine, some bleaching may occur, thus causing some dimming. To account for this, some adjustments may need to be made within the gates.  

(vi)
once the purity check is complete, choose samples which have a purity of over 90%.

Concentration of Neuronal Nuclei by Ultracentrifugation
1. Once the samples have been sorted, begin the process of pelleting the nuclei. 

!NOTE! Remember to keep the samples on ice at all times as the nuclei are not   

fixed.

(i)
to 10 ml of sorted sample add 2 ml Sucrose Solution2, 50 µl of 1M CaCl2,  and 30 µl of 1M Mg(Acetate)2.

(ii)
invert the samples 15 times and place them back on ice for 15 minutes.

!NOTE! If the volume of the sorted samples is less than 10 ml, then adjust the volume by raising it up to 10 ml with 1XPBS, or alternatively, adjust the amount of Sucrose Solution2, CaCl2, and Mg(Acetate)2 accordingly.

(iii)
after the 15 minute incubation, centrifuge the samples in a swing bucket rotor for 15 minutes at 1786 RCF and 4oC.

(iv)
once the centrifugation is complete, carefully aspirate off the supernatant without disturbing the white pellet found at the bottom of the tube.

(v)
then dissolve the pellet in 200 µl of the appropriate solution needed for the proceeding experiments.  In this case we dissolve the pellet in Douncing Buffer4 for a subsequent ChIP experiment.  Re-suspend the pellet by pipetting up and down.

(vi)
at this point transfer the solution into a smaller microcentrifuge tube and place it into the -80oC freezer until further use.

Reagents

1. Lysis Buffer

0.32M
Sucrose


5.47 g

5 mM
CaCl2



250 µl

3 mM
Mg(Acetate)2


150 µl

0.1 mM
EDTA



10 µl

10mM
Tris-HCl, pH8


500 µl



1 mM 
DTT



17 µl

0.1%
Triton X-100


50 µl



------------------------Adjust volume to 50 ml with ddH2O 

​​​​​​​​​        

2. Sucrose Solution

1.8 M
Sucrose


30.78 g

3 mM 
Mg(Acetate)2


150 µl

1 mM
DTT



17 µl
10 mM
Tris-HCl, pH8


500 µl

  

-------------------------Adjust volume to 50 ml with ddH2O
3. Dounce buffer

10 mM 
Tris



0.242 g

4 mM 
MgCl2



0.163 g

1 mM 
CaCl2



0.03 g

                  --------------------------Adjust pH to 7.5 and volume to 200 ml with ddH2O







