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Dear Ms. Troyer,

Thank you indeed for the invitation to publish our methods in JoVE. We are flattered by your
invitation and agree that JOVE is the perfect forum through which to share our unique methods
with others in the scientific community. In this manuscript we describe our method for
subcellular fractionation of eukaryotic cells. Our procedure is distinct from subcellular
fractionation methods based on detergent solubilization and high speed centrifugation (the two
main methods currently employed for subcellular fractionation). Detergent- and high speed
centrifugation-based methods have several drawbacks including the inability for detergent-
based fractionation to distinguish between cellular organelles and plasma membrane and the
prohibitive costs of high speed centrifuges. Our procedure does not include these drawbacks as
it is based on digitonin extraction of the cytoplasm followed by differential centrifugation in a
standard, refrigerated, benchtop centrifuge. Therefore, we believe this procedure will be useful
to investigators who wish to perform an efficient yet cost-effective subcellular fractionation.

Due to the potentially wide-reaching implications of this procedure for others in the scientific
community, we believe that JOVE is an ideal journal for its publication. Thank you again for
the invitation to publish as well as your time and consideration.

Sincerely,

Timothy J. LaRocca, PhD

Assistant Professor of Microbiology

Department of Basic and Clinical Sciences
Albany College of Pharmacy and Health Sciences
106 New Scotland Avenue

Albany, NY 12208

Albany College of Pharmacy and Health Sciences, 106 New Scotland Avenue, Albany, NY 12208 (518) 694-
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22 SUMMARY:
23 Here, we present a protocol to isolate the plasma membrane, cytoplasm and mitochondria of
24 U937 cells without the use of high-speed centrifugation. This technique can be used to purify
25  subcellular fractions for subsequent examination of protein localization via immunoblotting.
26
27  ABSTRACT:
28 In this protocol we detail a method to obtain subcellular fractions of U937 cells without the use
29  of ultracentrifugation or indiscriminate detergents. This method utilizes hypotonic buffers,
30 digitonin, mechanical lysis and differential centrifugation to isolate the cytoplasm, mitochondria
31 and plasma membrane. The process can be scaled to accommodate the needs of researchers, is
32 inexpensive and straightforward. This method will allow researchers to determine protein
33  localization in cells without specialized centrifuges and without the use of commercial kits, both
34  of which can be prohibitively expensive. We have successfully used this method to separate
35 cytosolic, plasma membrane and mitochondrial proteins in the human monocyte cell line U937.
36
37 INTRODUCTION:
38 Reliable identification of protein localization is often necessary when examining molecular
39 pathways in eukaryotic cells. Methods to obtain subcellular fractions are utilized by researchers
40 to more closely examine cellular components of interest.
41
42  The majority of existing cell fractionation methods generally fall into two broad categories,
43  detergent-based? and ultracentrifugation-based®>, which can be differentiated by speed,
44  precision and cost. Detergent based protocols rely on the use of buffers with increasing detergent
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strength to solubilize distinct components of the cell. This is a rapid and convenient method for
processing samples and can be cost effective if the number and size of samples are small.
Detergent-based kits can be purchased to isolate cytoplasmic, membrane/organelle (mixed
fraction), and nuclear fractions from cells. However, several drawbacks associated with these kits
limit their usefulness to researchers. They are designed to easily isolate one or two components
of the cell, but are incapable of isolating all fractions from a sample concurrently. The use of
detergents means that the plasma membrane and membrane-enclosed organelles will be equally
solubilized and, therefore, unable to be separated from one another. An additional complication
arises from the proprietary components in these kits which prevents researchers from altering
conditions for specific applications. Lastly, they are limited in number of uses and may be
prohibitively expensive for larger scale experiments. Non-detergent based kits exist for the
isolation of mitochondria, however, they are not designed to isolate plasma membrane and the
sample yield is significantly less than that from density centrifugation based isolation protocols®”’.

Methods that utilize ultracentrifugation to obtain fractions are more time consuming, but often
result in purer fractions than detergent-based kits. To isolate plasma membranes from cells
without first solubilizing them (resulting in contamination with membrane organelles) requires
them to be lysed by a non-detergent method followed by separation of cellular components via
differential centrifugation—with plasma membrane isolation requiring speeds of 100,000 x g to
accomplish. In many cases, differential centrifugation must be followed by isopycnic density
gradient centrifugation for further separation of cellular fractions or removal of contaminants.
While these methods are thorough and modifiable, drawbacks include cost, time consumption,
and the need for an ultracentrifuge for separation of fractions and further purification via density
gradient centrifugation. Most high-speed centrifuges are at a cost that is prohibitive for individual
investigators and are often shared, core equipment at academic institutions. Thus,
ultracentrifuge availability becomes prohibitive in these situations.

In this fractionation protocol we demonstrate the isolation of subcellular fractions without the
use of solubilizing detergents and without high speed centrifugation. This method will allow
researchers to isolate the plasma membrane, mitochondria and cytoplasmic components of a
eukaryotic cell with minimal contamination between fractions.

PROTOCOL:

1. Prepare Buffers and Reagents

NOTE: See Table 1.

1.1. Prepare solutions of buffer A, lysis buffer B, sample buffer and digitonin.

1.1.1.Prepare buffer A by adding 8.77 g of NaCl and 50 mL of HEPES (1 M, pH 7.4) to 900 mL
deionized water, adjust final volume to 1 L with deionized water.

NOTE: Final concentrations are 150 mM NaCl and 50 mM HEPES.
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1.1.2.Prepare lysis buffer B by adding 20 mL of HEPES (1 M, pH 7.4), 0.75 g of KCl, 0.19 g of MgCl,,
2 mL of Ethylenediaminetetraacetic acid (0.5 M EDTA), 2 mL of ethylene glycol-bis(B-aminoethyl
ether)-N,N,N',N'-tetraacetic acid (0.5 M EGTA), 38.26 g of mannitol and 23.96 g of sucrose to 900
mL of deionized water, adjust final volume to 1 L with deionized water.

NOTE: Final concentrations are 20 mM HEPES, 10 mM KCI, 2 mM MgCl;, 1 mM EDTA, 1 mM EGTA,
210 mM mannitol and 70 mM sucrose.

1.1.3.Prepare sample buffer by adding 0.01 g of sodium dodecyl sulfate (SDS) to 10 mL of tris-
buffered saline (TBS) for a final concentration of 0.1% SDS.

1.1.4.Prepare a stock solution of digitonin by adding 25 mg of digitonin to 100 mL of deionized
water (final concentration is 250 pg/mL).

1.1.5.Store all buffer solutions at 4 °C and digitonin at -20 °C until the start of experiment.

1.2. Prepare fresh solutions of protease and phosphatase inhibitors to be added to buffer
solutions prior to addition to cells.

1.2.1.Prepare a stock solution of phenylmethanesulfonyl fluoride (PMSF) by adding 17.4 mg of
PMSF to 1 mL of 100% ethanol (final concentration is 100 mM).

CAUTION: Wear appropriate protective equipment and exercise caution when handling PMSF.
PMSF is hazardous if ingested and slightly hazardous in case of skin contact (irritant), eye contact

(irritant) or inhalation; it is corrosive to eyes and skin.

1.2.2.Prepare a commercially available protease inhibitor cocktail (100x) according to the
manufacturer’s instructions (see the Table of Materials).

1.2.3.Prepare a stock solution of sodium orthovanadate (SOV) by adding 92 mg of SOV to 1 mL
of deionized water (final concentration is 500 mM).

CAUTION: Wear appropriate protective equipment and use caution when handling. SOV is
hazardous in case of eye contact (irritant), ingestion or inhalation. Severe over-exposure can
result in death.

2. PBS Wash

2.1. Concentrate and wash cells in phosphate-buffered saline (PBS) prior to fractionation.

2.1.1.Centrifuge cell suspension at an appropriate speed to create a pellet. For example,
centrifuge a suspension of U937 cells at 400 x g for 10 min.
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2.1.2.Remove the supernatant, resuspend cell pellet in room-temperature PBS at a final
concentration of 4 x 108 cells/mL and pipette gently to break up clumps.

2.1.3.Centrifuge the cell suspension at 400 x g for 10 min to pellet cells.

2.1.4.Remove the supernatant and resuspend cell pellet in ice cold buffer A at a final
concentration of 2 x 107 cells/mL.

NOTE: All subsequent steps should be carried out at 4 °C or on ice and all buffers should be pre-
chilled.

3. Cytosolic Protein Isolation

3.1. Extract cytosolic proteins by incubation with the detergent digitonin.

3.1.1.Immediately prior to resuspension of cells (step 3.1.3) add 10 pL of stock PMSF (100 mM),
10 pL of protease Inhibitor (100x), 2 uL of stock SOV (500 mM) and 100 L of stock digitonin (250
ug/mL) to 878 L of buffer A (final concentrations are 1 mM PMSF, 1x Protease Inhibitor, 1 mM
SOV and 25 pg/mL digitonin; adjust the final volume as per the number of cells being used). Keep
the solution on ice until addition to cell pellet.

3.1.2. Centrifuge the cell suspension at 400 x g for 10 min and remove the supernatant.

3.1.3.Resuspend the cell pellet in buffer A solution containing inhibitors and digitonin (prepared
in step 3.1.1) at a final concentration of 2 x 107 cells/mL, pipette gently to break up clumps.

3.1.4.Incubate the cell suspension on an end-over-end rotator at 4 °C for 20 min.

3.1.5. Centrifuge the cell suspension at 400 x g for 10 min. Collect the supernatant and place it in
a clean centrifuge tube.

3.1.6. Centrifuge the collected supernatant at 18,000 x g for 20 min to pellet cellular debris.
3.1.7.Transfer the supernatant to a clean centrifuge tube.
3.1.8.Repeat steps 3.1.5 and 3.1.6 until no pellet is obtained following centrifugation.

3.1.9. Collect the supernatant containing the cytosolic proteins and store it at 4 °C (short term)
or -20 °C (long term).

3.2. Remove excess digitonin and cytosolic proteins by centrifugation.

3.2.1.Resuspend the digitonin-permeabilized cell pellet (from step 3.1.5) in buffer A at a final
concentration of 4 x 108 cells/mL and pipette gently to break up clumps.
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3.2.2.Centrifuge the digitonin-permeabilized cell suspension at 400 x g for 10 min and remove
the supernatant.

NOTE: Repeated washes in buffer A can be performed to remove excess cytosolic contaminants.
4. Cell Homogenization

4.1. Incubate the cells on ice in lysis buffer B and lyse them by mechanical means.
4.1.1.Immediately prior to resuspension of cells (step 4.1.2) add 10 pL of stock PMSF (100 mM)
and 2 pL of stock SOV (500 mM) to 988 pL of lysis buffer B (final concentrations are 1 mM PMSF
and 1 mM SOV; adjust final volume to accommodate number of cells being lysed) and keep

solution on ice until addition to cell pellet.

4.1.2.Resuspend the cell pellet (from step 3.2.2) in ice cold lysis buffer B solution containing
PMSF and SOV (prepared in step 4.1.1) at a final concentration of 4 x 10° cells/mL.

4.1.3.Incubate the cell suspension on ice for 30 min.

4.1.4.Transfer the cell suspension to a pre-chilled Dounce homogenizer (with a tight-fitting B
pestle) on ice and perform 40 passes with the homogenizer pestle using slow, even strokes.

NOTE: Alternatively utilize other means of mechanical cell lysis as detailed in discussion section.
4.1.5. Collect the homogenate and transfer it to a clean centrifuge tube.

4.1.6. Wash the homogenizer pestle and tube with a small volume (1 to 2 mL) of lysis buffer B and
add it to the homogenate.

4.1.7.Centrifuge the homogenate at 400 x g (or the minimum speed required to pellet unbroken
cells) for 10 min.

4.1.8. Transfer the supernatant to a clean centrifuge tube.

Note: If a significant pellet remains repeat steps 4.1.4 through 4.1.6 to increase the yield of
fractions as detailed in the discussion section. The protocol can be paused here, and the
homogenate stored at 4 °C for short term (24 h).

5. Differential Centrifugation

5.1. Centrifuge the homogenate at increasing speeds to remove cellular debris, isolate
mitochondria and membrane fractions.
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5.1.1. Centrifuge the supernatant (from step 4.1.8) at 500 x g for 10 min. Transfer supernatant to
a clean centrifuge tube, and discard any pellet.

5.1.2.Centrifuge supernatant (from step 5.1.1) at 1,000 x g for 10 min. Transfer the supernatant
to a clean centrifuge tube, and discard any pellet.

5.1.3.Centrifuge the supernatant (from step 5.1.2) at 2,000 x g for 10 min. Transfer the
supernatant to a clean centrifuge tube, and discard any pellet.

5.1.4.Centrifuge the supernatant (from step 5.1.3) at 4,000 x g for 15 min. Transfer supernatant
to a clean centrifuge tube, keep pellet containing mitochondria.

5.1.5.Resuspend the mitochondria pellet in a small volume (0.5-1 mL) of lysis buffer B.

5.1.6.Centrifuge the suspended pellet at 4,000 x g for 15 min. Remove the supernatant and
resuspend the mitochondrial pellet in the desired final volume of sample buffer (e.g., 250 to 500
uL, depending on the size of the pellet and desired concentration).

5.1.7.Centrifuge the supernatant (from step 5.1.4) at 4,000 x g for 15 min. Transfer the
supernatant to a clean centrifuge tube. Repeat this step until no pellet is obtained following
centrifugation.

5.1.8.Spin the supernatant at 18,000 x g for 3 h.

5.1.9.Remove the supernatant, and keep the pellet containing membrane proteins. Resuspend
the membrane pellet in a small volume (0.5—1 mL) of lysis buffer B.

5.1.10. Centrifuge the suspended pellet at 18,000 x g for 1 h.

5.1.11. Remove the supernatant and resuspend the membrane pellet in the desired final volume
of sample buffer (250 to 500 pL, depending on the size of the pellet and desired concentration).

5.2. Sonicate the sample pellets for 3 s in an ice bath at a power setting of 5 (50% of 125 W
maximum power at 20 kHz, see the Table of Materials).

5.3. Store the samples at 4 °C (short term) or -20 °C (long term).

5.4. Examine the samples for purity of fractionation by performing a western blot utilizing
antibodies against protein markers found in the cytoplasm, mitochondria and membrane
compartments of the cell (refer to the representative results section).

REPRESENTATIVE RESULTS:
Successful fractionation of undifferentiated U9372 cells grown in suspension was accomplished
using the protocol detailed above and illustrated in Figure 1. The samples obtained with this



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

method were subjected to western blotting® utilizing a wet transfer method to a polyvinylidene
fluoride (PVDF) membrane. The membrane was subsequently probed with antibodies against
cytoplasmic, mitochondrial and membrane localized protein markers (Figure 2, Figure 3, Figure
4). The successful extraction of cytoplasmic proteins can be verified by probing the blot with
antibodies against the cytosolic protein glyceraldehyde-3-phosphate dehydrogenase!? (GAPDH),
normally localized to the cytoplasm of the cell. As shown by the immunoblot (Figure 2; bottom
panel, lanes 1 and 2), GAPDH is found only in the digitonin extracted samples and no
contamination is observed in the 4,000 x g pellets (Figure 4; lanes 3 and 4 on the bottom panel)
or 18,000 x g pellets (Figure 4; lanes 5 and 6 on the bottom panel). Probing for the voltage-
dependent anion channel (VDAC), a protein localized to the outer mitochondrial membrane??,
shows the successful isolation of mitochondria in the 4,000 x g pellets (Figure 4; lanes 3 and 4 on
the middle panel), while the absence of this protein in other fractions shows the lack of
mitochondrial contamination in the 18,000 x g pellets or digitonin-extracted samples. Probing for
the Na/K-ATPase al subunit, part of an integral membrane heterodimer found primarily in the
plasma membrane??, shows the majority of this protein located in the 18,000 x g pellets (Figure
4; lanes 5 and 6 on the top panel). This protein is also detected in the 4,000 x g pellets (Figure 4;
lanes 3 and 4 of the top panel), suggesting possible contamination with plasma membrane,
though this possibility is unlikely at the low speed with which this pellet was obtained. A more
plausible explanation is the presence of endoplasmic reticulum (ER) in the 4,000 x g pellets
sample, as transport of Na,K-ATPase subunits from the ER to the plasma membrane has been
demonstrated by researchers3. The lack of Na,K-ATPase al protein in the digitonin extracted
samples (Figure 4; lanes 1 and 2 on the top panel) demonstrates the purity of this fraction.

In contrast to the outcome observed during a successful fractionation (Figure 2), improper
execution of the protocol can result in cross contamination of cellular components (Figure 3,
Figure 4). A high concentration of Na,K-ATPase al protein in the 4,000 x g pellets, when
compared to the 18,000 x g pellets (Figure 3 {top panel, lane 2-3] and Figure 4B [top panel, lanes
5-12]), indicates that the organelle fraction has been contaminated with plasma membrane
proteins. The presence of GAPDH in any fraction other than the digitonin-extracted cytoplasmic
sample (Figure 3 [bottom panel, lane 4] and Figure 4A [bottom panel, lanes 5-12] is an indicator
of failure to remove cytoplasmic proteins in subsequent steps.

FIGURE AND TABLE LEGENDS:

Figure 1: Diagram of the Cell Fractionation Protocol. An overview of the cell fractionation
protocol represented as a flow chart.

Figure 2: Successful Isolation of U937 Cell Cytoplasm, Organelle, and Membrane Fractions.
Western blots of cell fractions isolated from two U937 cell cultures and probed for markers of
membrane (Na, K-ATPase al, top panel), mitochondria (VDAC, middle panel) and cytoplasm
(GAPDH, bottom panel).

Figure 3: Failure to Fractionate U937 Cell Components. Western blots of cell fractions isolated
from a single U937 cell culture showing contamination of the organelle fraction (lane 2) with Na,
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K-ATPase al (top panel) and loss of cytoplasmic components into the supernatant of the
membrane pellet (lane 4).

Figure 4: Cross Contamination of Cytoplasmic and Membrane Components During
Fractionation. (A) Fractionation attempt with cytoplasmic cross contamination of GAPDH in
organelle (bottom panel, lanes 5-8) and membrane fractions (bottom panel, lanes 9-12). (B)
Fractionation attempt with plasma membrane contamination of Na, K-ATPase in mitochondrial
fractions (top panel, lanes 5-8).

Table 1: Buffers and Solutions. Composition of buffers and required solutions for the procedure.

Table 2: Critical Steps. Summary table of protocol steps, potential issues and possible solutions
for troubleshooting the protocol.

DISCUSSION:

The development of this protocol arose from an inability to separate mitochondrial and
membrane samples, using commercially available kits, for analysis of protein localization during
necroptosis'4. The primary limitations of premade kits are their inability to be adapted to the
needs of individual researchers, their cost per sample and limited number of samples able to be
processed. The method presented here can be performed without the use of expensive reagents
and without the necessity for expensive equipment. This method can be scaled to accommodate
any number of cells and is capable of being altered to suit the needs of researchers. This allows
the yield of each fraction to be increased, tailoring of steps to the research being performed and
flexibility in execution of the method. The addition of sodium orthovanadate in the buffers can
be omitted if researchers are not examining phosphorylation state of proteins in the final
samples. The inclusion of SDS in the final buffer can likewise be omitted if researchers wish to
further purify the samples via density gradient centrifugation. While we have only used this
method to successfully fractionate U937 cells, a non-adherent monocyte cell line, the procedure
should work with multiple cell lines and tissues, with minor alterations. Cells grown in suspension
can be pelleted similarly to the U937 cells detailed here, while adherent cell lines require
dissociation from the growth surface prior to beginning this protocol. Similarly, tissues must be
thoroughly homogenized prior to fractionation of containing cells. This can be accomplished by
utilizing a loose fitting Dounce homogenizer, a Potter-Elvehjem glass-polytetrafluoroethene
homogenizer or by other (commercial) methods®.

There are a number of critical steps in the protocol that need careful attention to obtain optimal
results and pure fractions (Table 2). The concentration of cells recommended here (steps 2.1.2,
2.1.4, 3.1.3, 3.2.1 and 4.1.2) are specific to U937 cells and were determined through trial and
error. These values may need to be adjusted to accommodate different types of cells if
suboptimal results are obtained when executing the protocol. During the cytoplasmic extraction
step (step 3.1), the concentration of digitonin must be sufficient to permeabilize the plasma
membrane without completely lysing the cells. Following this incubation, cells must be
thoroughly washed to remove cytosolic proteins from subsequent steps or cross contamination
will occur in downstream samples (Figure 4A). The homogenization step (step 4.1.4) can be
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accomplished with any form of mechanical lysis, although results presented here were obtained
with a Dounce homogenizer. An alternative to using a Dounce homogenizer is to repeatedly pass
cells through a narrow gauge needle (27 G recommended, 20-40 passes) until sufficient cell lysis
is achieved. It may be necessary to increase the number of strokes (or syringe passes) if a large
pellet of unbroken cells is obtained after homogenization (step 4.1.7). Researchers will likely need
to determine the optimal amount of homogenization for the type of cell being fractionated.
Removal of cellular debris following the homogenization must be thorough to avoid
contamination of the organelle fraction with plasma membrane components (Figure 4B). If this
occurs, additional low speed centrifugation steps should be performed to remove cellular debris.
During development of this method up to 18 h of centrifugation at 18,000 x g was tested, with
minimal increase of plasma membrane yield over the 3 h spins (Figure 2, lanes 5-6). Researchers
may find it necessary to increase centrifugation times to obtain better yields of the plasma
membrane sample.

The method presented here is limited in comparison to the more thorough purification methods
involving ultracentrifugation. Without the use of isopycnic density centrifugation it is not possible
to separate individual organelles obtained after cell homogenization. While the 4,000 x g
fractions contain mitochondria (as evidenced by the presence of VDAC, Figure 2), they likely also
contain ER, golgi and additional intracellular organelles. The organelle fraction should be verified
by the use of additional antibodies to protein markers of other organelles if this is of importance
to the research being performed.
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Table 1

Name

Buffer A

Lysis Buffer B

Sample Buffer

Digitonin
Phenylmethanesulfonyl fluoride
Protease Inhibitor Cocktail
Sodium Orthovanadate

Click here to access/download;Table;Table 1 - Buffers and
Solutions.xlsx
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Composition (stock concentration)

NaCl (150 mM) and HEPES (50 mM)

HEPES (20 mM), KCI (10 mM), MgCl, (2 mM), EDTA (1 mM), EGTA (1 mM), Mannitol (210 mM) and Sucro
Sodium dodecyl sulfate (0.1%) in Tris-buffered Saline

Digitonin (250 pg/ml) in deionized water

Phenylmethanesulfonyl fluoride (100 mM) in 100% ethanol

Varies (See manufacturer product sheet)

Sodium Orthovanadate (500 mM) in deionized water



Final Concentration
1X (same as stock)
1X (same as stock)

1X (same as stock)
25 pg/ml

1mM

1X

1mM
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Protocol Step Critical Factor

Cell Preparation Cell concentration

Pre-processing of cells

Cytosolic Protein Isolation Digitonin Concentration

Post-Extraction Wash

Mitochondrial Isolation Cell Lysis
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Debris Removal

Post-Isolation Wash

Membrane Isolation Centrifugation Time



Explanation

The optimal concentration of cells that this method can process must be determined
empirically for the cell type being worked with in order to obtain the best results.

Cells must be in suspension for the fractionation procedure, this requires detaching
adherent cells from culture surfaces or homogenizing tissues.

The optimal concentration of digitonin must be determined to avoid lysis of cells
while still allowing cytosolic protein extraction through pore formation.

Removal of digitonin and cytosolic proteins from permeabilized cells must be
performed to avoid cross contamination.

Lysis methods must be thorough to release cellular contents, while maintaining
mitochondrial integrity for subsequent isolation.



Intact cells and larger fragments must be removed from the homogenate following
lysis to avoid contaminating mitochondrial samples.

Mitochondrial samples should be washed thoroughly to remove contaminating debris
that may pellet with them.

Centrifugation times may need to be extended to increase yield of membrane
fraction sample.



Potential Issues
Highly concentrated cell suspensions may
result in inefficient lysis, leading to low
yields of mitochondria and membrane
fractions.

Inefficient processing may result in low
fraction yields, cross contamination
between subcellular fractions or other
unexpected results.

If the method employed compromises the
plasma membrane, premature lysis may
occur, resulting in cross contamination of
fractions.

High concentrations of digitonin may lead
to membrane rupture, cell lysis and
contamination of the cytosolic fraction.
Suboptimal concentrations will result in
inefficient extraction of cytosolic proteins
and possible cross contamination of
subsequent fractions.

Failure to wash cells sufficiently after

cytosolic extraction may result in carry over

of cytosolic proteins to other fractions.

Mechanical lysis of cells may be inefficient,
leaving cells intact and resulting in low
yields of mitochondrial proteins.

Possible Solutions
Perform initial procedure with a range
of cell concentrations to determine
best results.

Ensure that the method employed
results in sufficient cells for the
procedure. Count cells in suspension
to determine concentration after
processing and adjust accordingly.
Ensure that plasma membrane
integrity is maintained during cell
harvest by using methods that avoid
damaging the cell. Verify membrane
integrity by examination under a
microscope with the inclusion of a
membrane impermeable dye (such as
Trypan blue).

The concentration of digitonin should
be decreased if excessive cell lysis is
observed. A small cell pellet obtained
following digitonin incubation may
indicate membrane rupture and cell
lysis.

Additional washes with Buffer A
following digitonin incubation will
dilute digitonin and remaining
cytosolic proteins.

The amount of force needed to lyse
cells and release mitochondria must
be determined empirically for
different cell types. Large pellets
obtained after the lysis step (as well as
small mitochondrial and membrane
pellets) may indicate suboptimal lysis.
Increase the amount of force (pestle
strokes, needle passages, etc.) to
minimize the post lysis pellet.



Too much mechanical force may lyse

mitochondria, contaminating the plasma

membrane fraction with mitochondrial
membrane proteins.

Mitochondrial samples may become
contaminated with cytoplasmic

components or plasma membrane proteins
if debris and intact cells are not removed

prior to pelleting mitochondria.

Cell fragments may aggregate and associate

with mitochondria, leading to cross
contamination of cytoplasmic or
membrane proteins.

Depending on the total number of
processed cells and the efficiency of cell

lysis, membrane fraction sample yield may

be low.

Decrease the amount of force if
mitochondrial protein markers are
found in membrane samples.

Increase the number of low speed
centrifugation steps prior to the
mitochondrial isolation spin. If
mitochondrial yield is low, it may be
necessary to save pellets from low
speed spins and check via western blot
for mitochondrial markers.

Ensure that pellets are sufficiently
washed with buffer to remove
contaminants.

Increasing the centrifugation time may
improve yield of plasma membrane
fraction. While the suggested time is
sufficient for a large starting quantity
of cells, longer times may be necessary
for smaller quantities.



Table of Materials

Name of Material/ Equipment
Digitonin
D-Mannitol
Dounce homogenizer
end-over-end rotator
ethylene glycol-bis(B-aminoethyl ether)-
N,N,N',N'-tetraacetic acid (EGTA)
Ethylenediaminetetraacetic acid (EDTA)
GAPDH (14C10)
HEPES
KCl
MgCl,
Na, K-ATPase al (D4Y7E)
NaCl
phenylmethanesulfonyl fluoride (PMSF)
probe sonicator
Protease Inhibitor Cocktail, General Use
refrigerated centrifuge
Sodium dodecyl sulfate (SDS)
sodium orthovanadate (SOV)
Sucrose
Tris-buffered Saline (TBS)
VDAC (D73D12)

Click here to access/download;Table of Materials;LaRocca JoVE Materials Table .xIsx %

Company
TCI Chemicals
Sigma-Aldrich
VWR
Barnstead

Alfa Aesar

Sigma-Aldrich

Cell Signalling Technologies
VWR

Sigma-Aldrich

Alfa Aesar

Cell Signalling Technologies
Sigma-Aldrich

VWR

Qsonica

VWR

Beckman-Coulter

VWR

Sigma-Aldrich
Sigma-Aldrich

VWR

Cell Signalling Technologies

Catalog Number
D0540

M4125
22877-282
N/A
161721
E7889
2118
1848
P9541
12315
23565
793566
M145
Q125-110
M221-1ML
N/A
227
450243
S0389
788
4661
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Comments/Description
For Cytoplasm Extraction
For Lysis buffer B
For Homogenization
For Cytoplasm Extraction

For Lysis buffer B

For Lysis buffer B

For detection of cytoplasmic fractions on western blot, dilution: 1:10000
For Lysis buffers A and B

For Lysis buffer B

For Lysis buffer B

For detection of plasma membrane fractions on western blot, dilution: 1:1000
For Lysis buffer A

For Cytoplasm Extraction and Homogenization Buffer

For Final Samples

For Cytoplasm Extraction

For Sample buffer

For Lysis buffers A and B

For Lysis buffer B

For Sample buffer

For detection of mitochondrial fractions on western blot, dilution: 1:1000
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Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Complete cell fractionation of U937 cells in the absence of high speed centrifugatior

Author(s):

William D. McCaig, Payal S. Patel, and Timothy J. LaRocca

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

|Z|The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Timothy LaRocca
Department:
Basic and Clinical Sciences
Institution:
Albany College of Pharmacy and Health Sciences
Title:
Assistant Professor
Signature: WM{ Date: 8/30/18

Please submit a signed antﬂ:lated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

Thank you. We have proofread the entire manuscript.
2. Figures 3 and 4: These two figures are missing from the submission. Please upload these two figures
individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.

Thank you for pointing this out. We have now uploaded these figures.
3. Please provide an email address for each author.

We have now provided email addresses for all authors in the text.
4. Please rephrase the Summary to clearly describe the protocol and its applications in complete
sentences between 10-50 words: “Here, we present a protocol to ...”

We have now rephrased the summary according to this suggestion.

5. Abstract: Please include an overview of the method and a summary of its advantages, limitations, and
applications.

We have now rephrased the Abstract according to this suggestion.

6. 1.3: The Protocol should contain only action items that direct the reader to do something. Please
either write the text in the imperative tense as if telling someone how to do the technique (e.g., “Do
this,” “Ensure that,” etc.), or move the solutions, materials and equipment information to the Materials
Table.

Thank you for this suggestion. We have now moved the solutions to Table 1. Our equipment information
is in the Materials and Methods.

7.2.1.3,3.1.2,3.1.5, 3.2.2, etc.: Please specify centrifugation parameters throughout the protocol.

We have now added the centrifugation parameters to the protocol.

8. 4.1.6: Please specify the volume (range) of Lysis Buffer B used.

We have now added the volume of lysis buffer B.
9. 5.1.3: Does the homogenate here refer to the supernatant obtained in step 5.1.2? Please specify.
Yes it does. Homogenate has now been renamed to supernatant (for clarity) and a reference to the

originating step added.

10. 5.1.19: What is the desired final volume in this experiment? Please specify.

L]
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A suggested final volume range has now been added.

11. Please revise the Acknowledgements section to include any acknowledgments and all funding
sources for this work.

Thank you for pointing this out. We have now added our funding source to the Acknowledgements

12. Please include a Disclosures section, providing information regarding the authors’ competing
financial interests or other conflicts of interest. If authors have no competing financial interests, then a
statement indicating no competing financial interests must be included.

Thank you for pointing this out. We now include a disclosures section and declare no conflict of interest.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This manuscript reports the use of a method for cell fractionation in the absence of high speed
centrifugations or commercially available kits. This was accomplished by performing lysis,
homogenization and centrifugations of U937 cells. Although this manuscript requires some minor
revisions, it was well written. This study is important and can be a very useful method for those who lack
funding for commercial kits or access to a high speed centrifuge.

Major Concerns:
None.

Minor Concerns:

Comment 1. | would recommend going through the protocol itself and modifying some of the numerical

values to better represent significant figures. For example, in line 69, the authors call for the addition of

8.766 g of NaCl. Additionally, in line 73, the authors call for 0.746 g of KCI. These values would be hard to
measure out. Thus, | would recommend rounding up and using less digits.

Values have been rounded for clarity.

Comment 2. There is an extra space between 100 and % in line 92.

Thank you. We have now corrected this.

Comment 3. There is also a period missing on the last sentence of line 243.

This has been corrected.



Comment 4. The authors seem to provide evidence of successful fractionation using this technique. | am
just curious as to whether they have tried this method with any other cell lines and whether they had
success. If so, | would recommend possibly adding this to the discussion and citing data not shown.

This fractionation procedure has only been attempted in the U937 cell line (in wild type and knockout
lines). The text has been updated to clarify this.

Reviewer #2:

Manuscript Summary:

This paper describes a simple and reproducible method to isolate subcellular fractions, in particular the
plasma membrane, mitochondria and cytosol. This method is of potential interest for a very large
number of scientists using U937 cells and many other cell types.

Major Concerns:

Although this is my general opinion, | should mention that Authors normally perform an accurate
revision of the manuscript, prior to its submission for publication. | therefore ask the Authors to include
all the figures before submission of the revised paper. | could not find Figs 3 and 4 in the present version
of the manuscript. Please also make sure to check on the Material and Methods section, in which | could
find parts still highlighted in yellow.

Thank you for pointing this out. We do not know why there was an error in uploading these figures.
Accordingly, figures 3 and 4 have been uploaded to the submission website. We included the yellow
highlighting in our submission as it was our understanding that this was required by the publisher to
indicate filmable content for the journal.

Minor Concerns:

Please also address the following issues:

-The title of the paper should be changed, since the method is employed for the isolation of three
subcellular fractions.

The title has been altered, with the word “Complete” removed.

-Lysis Buffer A should be defined as Buffer A. It is not a lysis buffer.

We have changed this as suggested.

-Digitonin is used to "permeabilize" the cells and "isolate" cytosolic proteins. 3.2.1 and 3.2.2: please
provide a more appropriate definition of cell pellet obtained after digitonin treatment.

The descriptor “digitonin-permeabilized” has been added to differentiate the cell pellets obtained after
cytosolic extraction.



-Figure 1: Please provide more details on the scheme summarizing the steps of the protocol
employed.

Figure 1 has been redesigned with more details, as suggested.

-A table with the composition of the buffers and solutions employed should be included. Consider also
the possibility of including a table summarizing the critical steps of the procedure (i.e., the use of an
appropriate digitonin concentration, assessment of the efficiency of homogenization, ecc..).

These tables have been added as suggested.

-Lines 317-318. The Authors state that the omission of SDS in the final buffer followed by density
gradient centrifugation, leads to the isolation of intact mitochondria. Are these mitochondrial functional
and suitable for their use in experiments measuring oxygen consumption, ROS formation, or other
biological responses?

This statement has been removed. While the mitochondria should be intact and functional (based on
similar isolation protocols), we have not tested this and removed this suggestion to avoid misleading
readers.

- Please introduce more details on Western Blot procedure utilized.

Further details have been added to the Representative Results section indicating transfer method and
membrane type.

Reviewer #3:

Manuscript Summary:

The submission " Complete Cell Fractionation in U937 Cells in the Absence of High Speed Centrifugation'
by McCaig, Patel and LaRocca describes a protocol to isolate soluble, mitochondrial and membrane
fractions from human cell culture. The protocol is well described, well detailed and seems to be suitable
for publication in JOVE. | have a few specific comments that might improve the manuscript and that the
authors should address in preparing their final manuscript.

Major Concerns:

In particular, | can't assess some of the claims of purity because figures 3 and 4 were omitted from the
review copy of the manuscript | received. | think these panels would help because | can't tell how
troubleshooting would work here in a case where the protocol wasn't properly fractionated. To this end,
it would help if the authors described what steps are most critical for the separation to be successful. It
is strongly implied (although not explicitly stated) that the total number of spins at a lower speed (e.g.
5.1.1 to 5.1.8) is that factor to ensure that the sample being worked with has contaminating fractions



removed from it. Is that true? It would be worth highlighting if the authors know or suspect that this is
where substantial tweaks might have to be done by someone working with different samples.

We do not know why there was an error in uploading these figures. Figures 3 and 4 have been uploaded
to the submission website. A table with critical steps for purification has been added for troubleshooting
purposes and adaptation to other cell lines.

Minor Concerns:

I'd also like to see some discussion of cells types/tissues that this protocol isn't suited for. The authors
describe it as working in U937 cells, but there isn't a great description of this cell line in the manuscript
nor is it referenced. Have the authors ever tried this on other cells types or on intact tissues? Does it
work when there is significant levels of connective tissue present? | don't think they need to test every
possibility, but it would be good to explicitly state that this is really for in vitro passaged cells if that is
the case.

We have not attempted this protocol with tissues or cell lines other than U937 cells. We have provided
suggestions in the Discussion for the processing of adherent cells and tissues, however, these are only
suggestions and we have not performed these experiments.

Line 44 - define "standard" here

This has now been defined in the text.

Line 313 - do the authors have a list of cell types they have used? Are there tissue/cell specific
information they can offer here on successfully carrying out the protocol?

We have performed this protocol in U937 cells only. We have added text to reflect that we have only
obtained results in the U937 cell line. We have also added suggestions for additional cell lines and
tissues in the Discussion.

Line 319 - it seems a bit of an oversight to not probe for nuclear markers and nuclear marker purity here

This statement has been removed, as we have not probed for nuclear markers. The suggestion was
based on similar published protocols, but we have no definitive evidence of this. The work for which this
protocol was developed did not require analysis of the nuclear fraction.



