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Abstract
We introduce micro-arrayed, differential detergent fractionation for the simultaneous detection of protein
complexes in 100s of individual cells with SIFTER (Single-cell protein Interaction Fractionation Through
Electrophoresis and immunoassay Readout). Size-based fractionation of protein complexes is
accomplished with �ve assay steps. First, a cell suspension generated by trypsinization is introduced
onto a microwell array, and single cells are settled into the microwells by gravity. Cells are lysed in F-actin
stabilization buffer that is delivered by a hydrogel lid. Second, the protein complexes are fractionated
from the smaller monomers by polyacrylamide gel electrophoresis. Monomers are electrophoresed into
the gel and are immobilized using a UV-induced covalent reaction to benzophenone. Third, a protein-
complex depolymerization buffer is introduced by another hydrogel lid. Fourth, the recently depolymerized
complexes are electrophoresed into a region of the gel separate from the immobilized monomers, where
the complex fraction are in turn immobilized. Fifth, in-gel immunoprobing detects the immobilized
populations of monomer and depolymerized complexes. These general steps are built on previously
published protocols for bulk actin studies, single-cell western blotting, and bidirectional separations1-4.

Introduction

Reagents
Prepare EP cytometry complex fractionation buffers:

Tris HCl (1M, pH=7.5)

Anhydrous MgCl2

Triton X-100

Dithioerythritol (DTE)

DI water

10X Tris glycine (pH=8.3)

Sodium dodecyl sulfate (SDS)

Sodium deoxycholate

Urea

Prepare hydrogel lids:
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10x Tris glycine (pH=8.3)

DI water

40%T 29:1 acrylamide/bisacrylamide

2% VA-086 (w/v) in DI water

500 μm thick spacers

2 glass plates

GelSlick

OAI UV source

Triple-layer transparency mask taped to the bottom of one of the glass plates

Prepare EP cytometry microwell array in polyacrylamide gel:

Methacrylate silanized glass slides

Polyacrylamide gel precursor solution (8%T, 29:1 acrylamide/bisacrylamide, 3 mM BPMAC)

SU-8 micropost mold on silicon wafer

SIFTER separations:

Custom 3D-printed electrophoresis chamber with graphite bar electrodes

1X PBS

10 mM Tris HCl pH=7.5

3 cm plastic dishes

Vaseline

2 timers

Microwell fractionation gels

4-well dish
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25 mL of 1X TBST

Tweezers

Buffer waste bottles

Biorad PowerPac basic power supply

Banana plug electrical leads

Hamamatsu LC-5 UV source

Equipment

Procedure
Prepare EP cytometry complex fractionation buffers:

1. Prepare the stock buffer solutions for F-actin Stabilization Buffer and F-actin depolymerization Buffer.
Additional components (DTE and urea) will be added later at the time of the experiment to complete each
buffer.

- F-actin Stabilization Buffer (based on formulation by Heacock1):

5 mL Tris HCl (pH = 7.5)

0.0952 g MgCl2

5 mL Triton X-100

490 mL Water

- F-actin Depolymerization Buffer

25 mL 10X Tris glycine (pH = 8.3)

2.5 g SDS

1.25 g Sodium deoxycholate

0.5 mL Triton X-100
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318 mL Water

2. Titrate the F-actin Stabilization Buffer to pH = 7.4 by adding 1.1% HCl (or similar)

3. Store the buffers at 4C when not in use. Buffers can be stored for up to 2 weeks.

Prepare hydrogel lids:

1. Prepare gel precursor solution (10 mL) and degas for several minutes

1 mL 10x Tris glycine

5 mL 2% VA-086

3.75 mL 40%T 29:1 acryalmide/bisacryalmide

0.25 mL DI water

2. Treat glass plates with 1 mL of GelSlick solution and dry with KimWipe

3. Place spacers between the two glass plates

4. Pipette entire 10 mL gel precursor solution between the plates. Note: unpolymerized acrylamide is a
neurotoxin and carcinogen. Large volumes of unpolymerized precursor should be handled carefully to
avoid spilling)

5. Photopolymerize for 40s at 20 mW/cm2 without long-pass UV �lter. The UV intensity is con�rmed with
an OAI 308 UV meter measuring at 365 nm.

6. Remove the top glass plate and use the spacer to pick up individual gel lids from the bottom glass
plate.

7. Put the gel lids directly into a 50 mL conical tube and �ll with either the F-actin stabilization buffer or F-
actin depolymerization buffer (25 mL/tube).

8. Store the gels at 4 °C and incubate in the buffer overnight before use. Gels may be put in fresh buffer
after use, but should not be kept for more than 2 weeks.

Prepare EP cytometry microwell array in polyacrylmamide gel:
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Note: Protocol adapated from Ref. 2

1. Tape an SU-8 mold onto the lab bench to hold in place during processing.

2. Make the gel precursor solution and degas with a bath sonicator and vacuum line to eliminate bubbles

3. Add initiators (APS and TEMED) to gel precursor solution, mix well without forming bubbles. Pipet a
250 μl droplet near one of the short edges of the SU-8 mold

4. Add a silanized slide on top of the droplet slowly to prevent trapping bubbles

5. After loading, press gently on the slide to squeeze excess precursor from the gap and to ensure the
micropillars on the SU-8 mold are in contact with the slide

6. Let chemical polymerization proceed for 15 minutes

7. Add 1-2 ml of PBS to rehydrate the edge of the slide and facilitate release of the slide from the SU-8
mold

8. Gently slide a razor blade underneath the slide and lift straight up to detach the gel slide from the SU-8
mold

9. Place the PAG slide in a 4-well rectangular slide plate �lled with PBS before use. The side of the slide
with the PAG layer faces up

Add fresh reagents to hydrogel lids (to be done at the start of experiment):

F-actin depolymerization (1X RIPA+8M urea) gel lids:

1. Turn on water bath and set to 75 °C

2. Add 12 g of urea to separate 50 mL conical tubes for each separation assay to be performed.

3. Take out the gel lids in F-actin depolymerization buffer and remove 15.9 mL of buffer from the tube
and add to the 12g urea conical tube to make 25 mL of 1X RIPA + 8M urea

4. Put the F-actin depolymerization buffer (1X RIPA + 8M urea) in the water bath to dissolve for ~10 min

5. Swirl the conical tubes to assist with dissolving the last of the urea

6. Remove excess buffer from the gel lid-containing tube and pour in the 1X RIPA + 8M urea solution in
with the gel lid. Put the gel lid conical tube back in the 75 °C water bath
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F-actin stabilization gel lids:

1. Add 25 mL of F-actin stabilization buffer (from the tubes containing the gel lids) multiplied by the
number of separation assays to be performed in a glass bottle

2. Add 1.95 mg of fresh DTE per 25 mL of buffer and swirl to dissolve

3. Remove excess buffer solution from the F-actin stabilization buffer gel lid conical tubes and replace
with the buffer solution containing the DTE

4. Keep the stabilization gel lids at room temperature after adding the DTE.

Setup for SIFTER fractionations:

1. Attach leads to electrophoresis chamber and set power supply to constant voltage operation mode at
90 V (30 V/cm).

2. Turn on Hamamatsu UV source lamp and allow to warm up for 10 minutes

3. Set up buffer waste bottles next to separation station

4. Fill a 3 cm dish with 10 mM Tris HCl (pH=7.5)

5. Situate the custom electrophoresis chamber on top of the PID heating element. Turn on PID controller
to heat the top of the custom electrophoresis chamber to 37C. Temperature can be con�rmed using
reversible liquid crystal temperature strips.

Prepare cell suspension and settle cells into the microwell device:

1. Wash dish of cells with 1X PBS

2. Trypsinize cells for 3 min at 37 °C

3. Pellet the cells by centrifugation

4. Resuspend cells in 1X PBS to achieve a concentration ~106 cells/mL.

5. Immediately settle cells in microwell device by introducing ~300 uL of cell suspension onto the
polyacrylamide gel. Gently move the microwell gel back and forth every few minutes to disperse cells.
Settle for a total of 10 minutes. Freshly trypsinized cells are required for each separation assay.

5. Wash excess cells off the surface gently 3x with 1 mL 1X PBS
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Perform SIFTER complex fractionation separations:

1. Submerge EP cytometry microwell gel in the dish of Tris HCl buffer for ~10s

2. Add a ~1 mm diameter dab of vaseline to the glass of the EP chamber where you will place the lower
left corner of the EP cytometry gel

3. Remove the EP cytometry gel from the buffer and dry the back of the slide with a Kimwipe

4. Place the gel on the vaseline (glass side down, gel side up) and press down lightly. Ensure the slide is
straight (parallel to graphite electrodes).

5. Select a tube of F-actin stabilization buffer containing a gel lid. Lightly swirl the tube to remove the gel
from the walls of the tube. Pour the buffer into buffer waste and let the gel lid slide to the opening of the
tube.

6. Place the gel lid in contact with the two electrodes and over the surface of the microwell gel

7. Lyse cells for 45s

8. Turn on the E-�eld (30 V/cm) for 45-60s (45 for actin, 60 for GFP-actin in a 1-mm separation lane).

9. Turn off the E-�eld and turn on the UV source for 45s at 100% power. Be sure to wear UV goggles and
face mask during UV exposure.

10. Reverse the lead connections to the EP chamber. Quickly proceed to steps 11-13 to minimize loss of
depolymerized protein out of the microwell due to diffusion.

11. Remove the gel lid from the microwell gel

12. Retrieve the F-actin depolymerization gel lid buffer tube from the water bath. Swirl the tube prior to
pouring the contents into buffer waste, allowing the gel lid to slide to the opening of the tube.

13. Place the gel lid on the microwell gel and allow depolymerization to proceed for 45s.

14. Perform electrophoresis for 45-60s at 30 V/cm

15. Apply the UV for 45s at 100%

16. Remove the microwell gel from the EP chamber and put in a 4-well dish containing 1X TBST. Wash for
at least 1 hour prior to immunoprobing.
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Immunoprobing:

Immunoprobing, �uorescence imaging (on a Genepix Microarray scanner) and quantitation are all
performed as previously described2.

Analysis software can be downloaded here (DOI: 10.5281/zenodo.5091209)

Troubleshooting

Time Taken

Anticipated Results
With SIFTER, cytoskeletal complexes can be quanti�ed in their monomer and complex fractions. The
area-under-the-curve of the immunoprobed Gaussian protein peaks directly correspond to protein
abundance in each fraction. Biologically relevant metrics for cytoskeletal integrity, such as F-actin ratio,
can be calculated based on the collected data.

SIFTER data collected according to this protocol can be analyzed using custom code made
available here (DOI: 10.5281/zenodo.5091209)
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