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[Abstract] Microglia are professional phagocytes in the brain and deficiency in their phagocytic activity 

plays an important role in Parkinson’s disease. This protocol mainly describes the phagocytosis assay 

for uptake of α-synuclein preformed fibrils, a pathologic form of α-synuclein, by primary microglia. 
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[Background] As the immune cells of the brain, microglia play critical roles in the central nervous 

system. In the physiological state, microglia constantly explore the surrounding environment and are 

involved in synaptic pruning. Microglia can be activated by any type of pathologic event or change in 

brain homeostasis (Wolf et al., 2017). Upon activation, microglia undergo morphological changes, 

proliferate, secrete inflammatory cytokines, migrate to the lesion site, and phagocytose pathogen, sick 

cells, the debris, even extracellular protein aggregates (Kettenmann et al., 2011; Fu et al., 2014). α-

Synuclein is an abundant protein in neurons and is the principal component of the intraneuronal 

inclusions known as Lewy bodies and Lewy neurites in Parkinson’s disease (Luk et al., 2012). Recent 

studies showed that α-synuclein undergoes cell-to-cell spreading and microglia are the primary 

scavengers of α-synuclein, which likely take the burden of α-synuclein from neurons (Wolf et al., 2017). 

Here, we describe a protocol using human α-synuclein monomer to generate pre-formed fibrils and 

measuring the uptake of α-synuclein preformed fibrils by microglia phagocytosis (Du et al., 2017). 
 
Material and Reagents 
 

1. Pipette tips (Corning, Axygen®, catalog number: T-300) 

2. Cover Glass (VWR, catalog number: 631-0150) 

3. 50 ml centrifuge tube (Corning, catalog number: 430828) 

4. 15 ml centrifuge tube (Corning, catalog number: 430790) 

5. 75 cm2 flask (Corning, catalog number: 430641U) 

6. 24-well plate (Corning, Costar®, catalog number: 3524) 

7. 40 μm cell strainer (Corning, Falcon®, catalog number: 352340) 

8. 10 ml serological pipets (Corning, catalog number: 4488) 
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9. 3 kD centrifugal filter units (Merck, catalog number: UFC500324) 

10. 30 kD centrifugal filter units (Merck, catalog number: UFC503024) 

11. Column assembled with filter (in GST-tag Protein Purification Kit) (Beyotime Biotechnology, 

catalog number: P2262) 

12. 0.22 μm filter (Merck, Millex, catalog number: SLGP033RB) 

13. Ampicillin (Sigma-Aldrich, catalog number: BP021) 

14. Escherichia coli strain BL21 (DE3) (100 μl in 1.5 ml cryogenic vial, TIANGEN Biotech, catalog 

number: CB105) 

15. pGEX-4T-2-GST (Obio technology) 

16. 20 C57BL/6 postnatal day 1 mice (Charles River Laboratories) without gender preferences 

17. Dulbecco’s modified Eagle’s medium-F12 (GE Healthcare, HycloneTM, catalog number: 

SH30023.01) 

18. Fetal bovine serum (Thermo Fisher Scientific, GibcoTM, catalog number: 10099141) 

19. Isopropyl-β-D-thiogalactoside (IPTG) (Sigma-Aldrich, catalog number: I6758) 

20. EDTA (Sigma-Aldrich, catalog number: E6758) 

21. Lysozyme (Sigma-Aldrich, catalog number: 62971) 

22. DNase1 (Thermo Fisher Scientific, InvitrogenTM, catalog number: 18068015) 

23. PMSF (Sigma-Aldrich, catalog number: P7626) 

24. Protease inhibitor (Roche Diagnostics, catalog number: 04693132001) 

25. Glutathione SepharoseTM 4B (GE Healthcare, catalog number: 17043001) 

26. Bicinchoninic acid assay (BCA) kit (Thermo Fisher Scientific, catalog number: 23225) 

27. Penicillin Streptomycin 100x Solution (GE Healthcare, HycloneTM, catalog number: SV30010) 

28. Poly-L-lysine hydrobromide (PLL) (Sigma-Aldrich, catalog number: P1399)  

29. Cytochalasin D (Abcam, catalog number: ab143484) 

30. Saponin (Sigma-Aldrich, catalog number: 47036) 

31. Anti-myc antibody (Santa Cruz Biotechnology, catalog number: SC789) 

32. Alexa Fluor594 goat anti-mouse IgG (H + L) (Thermo Fisher Scientific, catalog number: A-11007) 

33. 4’,6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, catalog number: H-1200) 

34. PBS (ZSGB-BIO, catalog number: ZLI-9062) 

35. Yeast extract (Oxoid, catalog number: LP0021B) 

36. NaCl (Sigma-Aldrich, catalog number: V900058) 

37. Tryptone (Oxoid, catalog number: LP0042B) 

38. Agarose (Biowest, catalog number: 111860) 

39. Thrombin (Sigma-Aldrich, catalog number: T4648) 

40. Tris-HCl (Sigma-Aldrich, catalog number: T1503) 

41. KCl (MODERN ORIENTAL FINE CHEMISTRY, catalog number: JC-AR20140011) 

42. Na2HPO4 (Beijing Chemical Factory, catalog number: A1060056) 

43. KH2PO4 (Beijing Chemical Factory, catalog number: A1049020) 

44. SDS (GE Healthcare, catalog number: 17131301) 
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45. 4% paraformaldehyde (ALADDIN, catalog number: C104188) 

46. TritonTM X-100 (Sigma-Aldrich, catalog number: V900502) 

47. Bovine serum albumin (Sigma-Aldrich, catalog number: B2064) 

48. Nail polish (USHINE) 

49. LB medium (selection plate) (see Recipes) 

50. LB medium (1 L) (see Recipes) 

51. 0.01 M PBS (pH 7.4, 1 L) (see Recipes) 

52. Buffer A (pH 7.5) (see Recipes) 

 

Equipment 
 

1. Pipettes (Eppendorf, model: Research® plus, catalog number: 3120000062) 

2. Surgical instruments: ophthalmic scissors, curved ophthalmic forcep 

3. Dry bath (VIVO, catalog number: VHD150S) 

4. Cell culture CO2 incubator (Thermo Fisher Scientific, catalog number: 3131) 

5. Shaker (Shanghai Meditry Instrument, catalog number: THZ-C-1) 

6. Centrifuge (Eppendorf, model: 5430 R) 

7. Rotator (Cole-Parmer, Stuart, catalog number: SB3) 

8. 4 °C RevcoTM High-Performance Laboratory Refrigerator (Thermo Fisher Scientific, catalog 

number: REC3004V) 

9. Stereomicroscope (ZEISS, model: Axio Vert.A1) 

10. Ultrasonic processor (Cole-Parmer, catalog number: CN-04714-50) 

11. Confocal microscopy (Leica Microsystems, model: Leica TCS SP8) 

12. Biological safety cabinet (Thermo Fisher Scientific, catalog number: 51026654) 

13. Eppendorf BioPhotometer (Eppendorf, catalog number: 6133000044)  

 

Software 
 

1. NIH ImageJ (http://fiji.sc/) 

2. SPSS software (SPSS 16.0, Chicago, IL) 

 

Procedure 
 
A. α-Synuclein preformed fibrils preparation 

1. Subcloning recombinant human α-synuclein with myc tag in N-terminal to pGEX-4T-2-GST 

a. For the sequence of α-synuclein (GenBank: CR457058.1), see Supplemental file. 

b. EcoR I-H and Xba I restriction enzyme sites are added to the 5’ and 3’ terminal of α-

synuclein-myc respectively and used to subclone the gene encoding α-synuclein into the 

plasmid pGEX-4T-2-GST. 
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c. Sequence to confirm the correct clone and isolate the plasmids (pGEX-4T-2-GST-α-

synuclein-myc).  

2. Transformation and induction of protein expression in E. coli 

a. Thaw 10 μl Escherichia coli BL21 (DE3) on ice. 

b. Add 1 pg-100 ng circular plasmid DNA (pGEX-4T-2-GST-α-synuclein-myc) to the cell and 

mix gently. In parallel, transfect BL21 with plasmid pGEX-4T-2-GST as a negative control. 

c. Incubate the mixture on ice for 30 min. 

d. Heat shock at 42 °C for 60-90 sec in a dry bath. 

e. Cool the cell on ice for 5 min. 

f. Plate cells onto selection plate (Recipe 1) and incubate at 37 °C overnight. 

g. Pick one single clone and culture in 3 ml LB medium (Recipe 2) with 100 μg/ml ampicillin 

and shake at 37 °C, 250 rpm overnight. 

h. Transfer the 3 ml culture to 0.5 L LB medium containing 100 μg/ml ampicillin and shake at 

37 °C, 250 rpm for 2-3 h (when OD600 is 0.5-0.7). 

i. Cool the culture to room temperature and add 0.1 mM IPTG, shake at room temperature, 

250 rpm for 4-6 h. 

3. α-Synuclein monomer purification 

a. Collect cells by centrifugation at 5,000 x g for 15 min at 4 °C and discard the supernatant. 

Wash the pellet each with cold 10 ml 0.01 M PBS (Recipe 3) for three times. 

b. Resuspend the cell pellet with cold 10 ml 0.01 M PBS (pH 7.4) containing 80 μl 25 mM 

EDTA, 500 μl 10 mg/ml lysozyme, 20 μl 1 U/μl DNase1, 100 μl 100 mM PMSF and 1x 

protease inhibitor. 

c. Sonicate the cells for 5 min on ice (parameter: 2 sec duration, 2 sec interval at 350 W). 

Centrifuge at 10,000 x g, 4 °C in an Eppendorf centrifuge for 25 min and collect the 

supernatant into a 50 ml tube. 

d. Add 200 μl glutathione sepharose beads into column assembled with filter and move to a 

4 °C fridge to chill. 

e. Wash the beads each with cold 10 ml 0.01 M PBS (pH 7.4) for three times at 4 °C. 

f. Incubate the beads with cell lysates at 4 °C overnight. 

g. Wash the beads each with cold 10 ml 0.01 M PBS (pH 7.4) for three times. 

h. Add 3 ml 0.01 M PBS (pH 7.4) with 25 U thrombin to cleave the α-synuclein protein from 

the beads for 4 h on a rotator at 20 rpm at room temperature. 

i. Collect the cleaved protein in a 15 ml Falcon tube on ice. 

j. Use the 30 kD centrifugal filter unit to remove protein aggregates over 30 kD. Centrifuge at 

4,000 x g for 5 min at 4 °C. Collect the fraction which passes through the filter unit. 

k. Sterilize by filtrating through a 0.22 μm filter. 

l. Use the 3 kD centrifugal filter units to concentrate α-synuclein. Centrifuge at 4,000 x g for 

15-25 min at 4 °C (till the remaining volume reaches 400 μl). 
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m. Add buffer A (Recipe 4) and centrifuge at 4,000 x g for 15-25 min at 4 °C to change buffer. 

Around 400 μl protein is collected. 

n. Measure the α-synuclein protein concentration by BCA assay. The yields of the protein are 

around 3-5 mg/ml, and they will be used for calculating the pre-formed fibrils concentration. 

Protein samples are aliquoted per 200 μl in 500 μl EP tubes, quick frozen by liquid nitrogen, 

and stored at -80 °C. 

4. α-Synuclein preformed fibrils formation 

a. Shake 2 mg/ml α-synuclein monomers at 37 °C, 1,000 rpm for 5 days to get α-synuclein 

preformed fibrils. 

b. Double-gloved. In a class II biosafety cabinet, sonicate α-synuclein preformed fibrils on ice 

(parameter: 2 sec duration, 2 sec interval at 350 W) for 1 min. Finally, use 1% SDS solution 

to clean-up and inactivate fibrils in the biosafety cabinet. 

Notes:  

i. Quick freeze the α-synuclein fibrils at -80 °C for future use. 

ii. 1x protease inhibitor: 1 tablet per 50 ml extraction solution. 

 

B. Primary microglia culture 

Notes:  

a. 20 C57BL/6 mice on postnatal day 1 without gender preferences are used for microglia culture. 

Mice were sacrificed by decapitation. 

b. Coating the flasks and plates: In a hood, aseptically coat culture surface with 10 ml of solution 

(1 mg of poly-D-lysine/10 ml of sterile double distilled water) per 75 cm2 flask, or with 200 μl of 

solution per cover glass of 24-well plates. Shake gently to ensure even coating of the culture 

surface. After 30 min, remove solution by aspiration and thoroughly rinse surface with sterile 

double distilled water for 3 times. Allow them to dry at least two hours before use. 

 

1. Dissect the brain with the help of the scissors and then put the brain in a 10 cm2 dish containing 

10 ml cold DMEM/F12 medium. 

2. Strip off the meninges under a stereomicroscope and transfer the brain into a 50 ml Falcon tube 

containing 20 ml DMEM/F12 medium. 

3. Dissociate the brain tissue by repeated pipetting with 10 ml serological pipet. Put a 1 ml tip on 

the serological pipet and pipet for 15 times. Put a 200 μl tip on the 1 ml tip and pipet for 5 times. 

4. Filter the cell mixture by 40 μm cell strainer. 

5. Centrifuge at 400 x g for 5 min at room temperature. 

6. Discard the supernatant and resuspend the pellet with DMEM/F12 medium supplement with 10% 

heat-inactivated fetal bovine serum, 1% penicillin-streptomycin. 

7. Plate 10 ml cell mixture in PLL-coated 75 cm2 flasks at a density of 2.5 brains per flask. 

8. Incubate the cell at 37 °C with humidified 5% CO2, 95% air incubator. 
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9. Change the culture medium completely on the next day with 10 ml serological pipets and then 

change half volume of the culture medium every three days. 

10. After two weeks, harvest the microglia from the medium by shaking at 180 rpm for 2 h at 37 °C 

in a shaker. 

11. Plate the microglia at 5 x 104 cells per well in PLL-coated 24-well plates with cover glass and 

culture for 24 h before the experiment. 

 

C. Phagocytosis assay 

1. Add α-synuclein preformed fibrils into the microglia culture at a final concentration of 200 nM 

and incubate at 37 °C in a humidified 5% CO2, 95% air incubator for 2 h. 

2. Wash away the extracellular α-synuclein preformed fibrils with 500 μl/well cold PBS for three 

times, 5 min each time. 

3. To block microglia phagocytosis, add cytochalasin D at a final concentration of 3 μM and 

incubate for 1 h before phagocytosis. 

 

D. Immunofluorescence analysis 

1. Wash cells with 0.01 M cold PBS twice. 

2. Fix the microglia with 4% paraformaldehyde diluted in PBS for 30 min at room temperature. 

3. Wash the cells with 500 μl/well 0.01 M PBS for 3 times, 5 min/time at room temperature. 

4. Permeablize the cells by 500 μl/well 0.3% TritonTM X-100 diluted in 0.01 M PBS for 5 min. 

5. Discard the TritonTM X-100 and block with 500 μl blocking buffer/well (2% bovine serum albumin, 

0.02% saponin in PBS) for 1 h at room temperature. 

6. Incubate with mouse anti-myc antibody at 4 °C overnight (1:200 diluted in blocking buffer, 30 μl 

each cover glass). 

7. Wash with 500 μl blocking buffer/well, 10 min/time for 3 times at room temperature. 

8. Incubate with secondary antibody Alexa Fluor594 goat anti-mouse IgG (H+L) at room 

temperature for 1 h (1:200 diluted in blocking buffer, 30 μl each cover glass). 

9. Wash with 500 μl blocking buffer/well for 2 times and 500 μl/well PBS for 1 time, 10 min/time at 

room temperature. 

10. Mount cover glass on the slide with 5 μl DAPI-containing mounting solution. 

11. Seal cover glass with nail polish and store in the dark at 4 °C. 

12. Acquire both DIC and fluorescence images by confocal microscopy with 63x oil-immersion lens 

(Figure 1) and analyze images with NIH ImageJ. 
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Figure 1. α-Synuclein is phagocytosed by primary microglia. α-Synuclein preformed fibrils 

are visualized by myc antibody (red puncta) with or without the phagocytosis inhibitor, 

cytochalasin D (CD, 3 μM). Scale bars = 10 μm. 

 

13. Each cell is outlined, and the total fluorescence intensity per cell is used to quantify uptake of 

α-synuclein (Figure 2). 

 

 

Figure 2. Draw single cell area with ImageJ. Freehand selection tool is used to outline cells 

according to DIC images. 

 

Data analysis 
 

ImageJ is used for quantification of α-synuclein uptake. Freehand selection tool is used to outline 

cells according to DIC images. Analyze-measure is applied to measure the total fluorescence 

intensity in single microglia cells. About 60 cells are anFalyzed for each condition in every 

experiment. 

Experiments are performed at least three times independently. Results are analyzed by SPSS 

software (SPSS 16.0, Chicago, IL). Statistical analysis is made with one-way ANOVA. Differences 

are accepted as significant with P values < 0.05.  
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Recipes 
 

1. LB medium (selection plate, 1 L) 
Yeast extract  5 g 

Agarose 15 g 

NaCl 10 g 

Tryptone 10 g 

After autoclaving, add 100 μg/ml ampicillin 

2. LB medium (1 L) 

Yeast extract  5 g 

NaCl 10 g 

Tryptone 10 g 

3. 0.01 M PBS (pH 7.4, 1 L) 

NaCl 8.0 g 

KCl 0.2 g 

Na2HPO4 1.44 g 

KH2PO4 0.24 g 

Add sterile distilled water to 1 L 
4. Buffer A (pH 7.5) 

50 mM Tris-HCl 

150 mM KCl 
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