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[Abstract] Exosomes are dynamic nanovesicles secreted by virtually all cells and are present in all 

biological fluids. Given their highly heterogeneous content exosomes have been implicated in many 

physiological and pathological processes that they exert by influencing cell-cell and cell-ECM 

communication. In recent years an increasing number of methods have been established for the 

purification and characterization of exosomes. These include ultracentrifugation, ultrafiltration, size 

exclusion chromatography, immune capture and precipitation using a proprietary polymer. Here, we 

provide a protocol based on differential ultracentrifugation and sucrose density gradients tailored for the 

isolation of crude and ultra-pure exosomes from primary fibroblast cultures derived from adult mouse 

skeletal muscle. This protocol can be adapted and modified for the isolation and characterization of 

exosomes from a variety of tissues and bodily fluids. 
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[Background] Exosomes are single-membrane, heterogeneous nanovesicles ranging in diameter from 

30 to 150 nm, secreted by all cells and present in virtually all body fluids. The spectrum of soluble and 

membrane macromolecules, mRNAs, microRNAs present in exosomes depends on the metabolic 

status as well as the developmental origin of the cell(s) secreting these nanovesicles. Owing to their 

cargo composition, exosomes can initiate signaling pathways in the receiving cells and have been 

involved in development, immunity and in the maintenance of normal tissue physiology. In disease 

conditions, like neurodegeneration, fibrosis and cancer, they have been shown to trigger and propagate 

pathological stimuli (Rackov et al., 2018; Gurunathan et al., 2019; van de Vlekkert et al., 2019). Here 

we describe a protocol for the purification of exosomes from fibroblast cultures established from adult 

mouse gastrocnemius (GA) muscle (van de Vlekkert et al., 2019). These purified exosomal preparations 

can be subjected to mass spectrometry. The advantage of this method is that is scalable and cost 

effective. Primary mouse fibroblasts are kept in culture for no more than 4 passages to preserve their 

primary status, and their conditioned medium is then processed by differential centrifugation to obtain 

crude exosomal preparations that are further purified by sucrose density gradients. This protocol has 

been successfully used to assess and compare the protein composition of exosomes released by normal 

mouse fibroblasts and by activated fibroblasts (myofibroblasts) cultured from the GA muscle of WT and 

Neu1–/– mice, respectively (van de Vlekkert et al., 2019). The Neu1–/– mouse is a model of the lysosomal 

storage disease sialidosis, caused by deficiency of the sialidase neuraminidase 1 (NEU1) (de Geest  

et al., 2002; d’Azzo et al., 2015). Mouse cells deficient for Neu1, including primary myofibroblasts, have 
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excessive exocytosis of soluble lysosomal contents as well as increased release of exosomes (van de 

Vlekkert et al., 2019). Exosomes purified from Neu1–/– myofibroblasts were shown to be potent carriers 

of fibrotic signaling molecules and to be responsible for eliciting a pathogenic cascade, which ultimately 

led to muscle fibrosis and degeneration (van de Vlekkert et al., 2019). 

 

Materials and Reagents 
 

Note: All materials and reagents are kept at room temperature unless otherwise described. For the 

shelf life and storage temperature of reagents, we refer to the manufacturer’s instructions. 

1. Advantus T-pins (Fisher scientific, catalog number: S174301) 

2. Light duty paper wipes (Georgia Pacific, Brawny, catalog number: 29221) 

3. Falcon 50 ml conical centrifuge tubes (Corning 352070) (Fisher Scientific, catalog number: 14-

432-22) 

4. 10-cm and 15-cm dishes (Midwest Scientific, TPP, catalog numbers: TP93100 and TP93150 

respectively) 

5. Countess cell counting chamber slides and Trypan Blue (Thermo Fisher Scientific, Invitrogen, 

catalog number: C10228) 

6. Thin wall Polypropylene tubes (25 x 89 mm) (Beckman Coulter, catalog number: 326823) 

7. Ultra-clear tubes (25 x 89 mm) (Beckman Coulter, catalog number: 344058) 

8. Ultra-clear tube (14 x 89 mm) (Beckman Coulter, catalog number: 344059) 

9. Premium microcentrifuge tubes (1.7 ml) (Fisher Scientific, Midwest Scientific, catalog number: 

AVSC1510) 

10. Multiple well plates (96-well) (Midwest Scientific, TPP, catalog number: TP92696) 

11. Protected disposable scalpels (stainless steel blade) (Fisher Scientific, Aspen Surgical Bard-

Parker, catalog number: 372610) 

12. Immobilon-P Transfer membranes (Millipore, catalog number: IPVH00010) 

13. Blotting paper (Fisher, Whatmann, catalog number: 09-301-404) 

14. Sterile cell strainers (Thermo Fisher Scientific, Fisherbrand, catalog number: 22-363-548) 

15. Sterile pipet 5 ml, 10 ml and 25 ml (Falcon, catalog numbers: 357543, 357551, 357525, 

respectively) 

16. AvantGuard low-binding barrier tips 

10 μl universal-long (Midwest Scientific, catalog number: ASAVANBARTIPS AV10R-H) 

20 μl universal (Midwest Scientific, catalog number: ASAVANBARTIPS AV20H) 

200 μl universal (Midwest Scientific, catalog number: AV200-H) 

1,250 μl universal (Midwest Scientific, catalog number: AV1250H) 

17. Gel round tips (Midwest Scientific, catalog number: MPT1000) 

18. Adult mice 

Notes: 

a. Both male and female mice can be used for this protocol. 
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b. The gastrocnemius muscle is used as example in this protocol. However, the procedure is 

feasible with any other type of muscle. 

19. Ethanol 140 proof (Pharmco by Greenfield Global, catalog number: 111000140) 

20. Ethanol 200 proof (Pharmco by Greenfield Global, catalog number: 111000200) 

21. Dulbecco’s Phosphate Buffered Saline (DPBS) (Corning, catalog number: 21-031-CV) 

22. Collagenase P (100 mg) (Roche, catalog number: 11 213 857 001) 

23. Dispase II (neutral protease, grade II) (Roche, catalog number: 04 942 078 001) 

24. CaCl2 (Sigma, catalog number: C1016-100G) 

25. NaCl (Fisher Scientific, catalog number: S271) 

26. Dulbecco’s Modification Eagles Medium (DMEM) (Corning, catalog number: 15-013-CV) 

27. Dimethyl sulfoxide (DMSO) (Fisher BioReagent, catalog number BP213-100) 

28. Fetal Bovine Serum (FBS) (Gibco, catalog number: 10437-028) 

29. Penicillin-Streptomycin (10,000 U/ml) (Thermo Fisher Scientific, Gibco, catalog number: 15140-

122) 

30. GlutaMAX supplement (Thermo Fisher Scientific, Gibco, catalog number: 35050-061) 

31. Stericup Quick release-GP sterile vacuum filtration system (Millipore, catalog number: 

S2GPU05RE) 

32. Triton X-100 solution (10%) (Sigma, catalog number: 93443) 

33. TrypLE Express Enzyme (no phenol red) (Thermo Fisher Scientific, Gibco, catalog number: 

12604-013) 

34. BCA protein assay kit (Thermo Fisher Scientific, Pierce, catalog number: 23225) 

35. Criterion TGX stain-free protein gel 

10% 18-well, midi-gel (Bio-Rad, catalog number: 5678034) 

12% 18-well, midi-gel (Bio-Rad, catalog number: 5678044) 

10% 10-well, mini-gel (Bio-Rad, catalog number: 4568033) 

12% 10-well, mini-gel (Bio-Rad, catalog number: 4568043) 

36. Precision Plus Protein, all blue pre-stained protein standards (Bio-Rad, catalog number: 

1610373) 

37. Precision Plus Protein, Unstained protein standards (Bio-Rad, catalog number: 1610363) 

38. Tris base (Bio-Rad, catalog number: 1610719) 

39. Hydrochloric acid (HCl) (Fisher Scientific, catalog number: A144S-500) 

40. Glycine (Bio-Rad, catalog number: 1610718) 

41. Sodium dodecyl sulphate (SDS) (Bio-Rad, catalog number: 64086876) 

42. Laemmli sample buffer (4x) (Bio-Rad, catalog number: 1610747) 

43. Dithiothreitol (DTT) (Sigma/Millipore, Roche, catalog number: 10708984001) 

44. Methanol (Fisher Scientific, catalog number: A4121) 

45. Non-fat dry milk (Labscientific, catalog number: M0842) 

46. Bovine Serum Albumin (BSA) Fraction V (Roche, catalog number: 03116964001) 

47. Primary and secondary antibodies (Table 1) 
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Table 1. Primary and secondary antibodies 

Antibody Host Company Catalog number 

CD9 Rat BD Biosciences 553758 

CD81 Mouse Santa Cruz sc-166029 

Alix Rabbit d′azzo Lab Alix 

Flotillin 1 Mouse BD Biosciences 610820 

Syndecan 1 Rabbit Life Technologies 36-2900 

Syntenin 1 Rabbit Millipore/Sigma MABN160 

Rat-HRP Donkey Jackson Imm. Res Lab 112-035-003 

Mouse-HRP Goat Jackson Imm. Res Lab 115-035-044 

Rabbit-HRP Goat Jackson Imm. Res Lab 111-035-144 

 

48. Sucrose (Fisher Scientific, Fisher Chemical, catalog number: S5-500) 

49. cOmplete protease inhibitor cocktail (Millipore/Sigma, Roche, catalog number: 11697498001) 

50. 1.0 M Magnesium acetate solution (Mg(Ac)2) (Sigma, catalog number: 63052-100ml) 

51. Trichloroacetic Acid (TCA) (Sigma, catalog number: 91228-100G) 

52. Tween-20 (10%) (Bio-Rad, catalog number: 161-0781) 

53. SuperSignal west Femto (Thermo Fisher Scientific, catalog number: 34096) 

54. Collagenase P stock solution (4x) (see Recipes) 

55. Dispase II stock solution (10x) (see Recipes) 

56. CaCl2 (1 M) (see Recipes) 

57. Digestion mixture (see Recipes) 

58. Complete medium (see Recipes) 

59. Freezing medium (see Recipes) 

60. Exosome free FBS (see Recipes) 

61. Complete exosome free medium (see Recipes) 

62. 0.1% Triton X-100 (see Recipes) 

63. BCA reagent working solution (see Recipes) 

64. 1.0 M DTT (see Recipes) 

65. 0.5 M Tris-HCl, pH 7.4 (see Recipes) 

66. Protease inhibitor stock solution (100x) (see Recipes) 

67. 10 mM Tris-HCl pH 7.4/1 mM Mg(Ac)2 (see Recipes) 

68. Sucrose gradient working solution (11 ml per sample) (see Recipes) 

69. 100% TCA (see Recipes) 

70. 80% ethanol (see Recipes) 

71. Western blot running buffer (10x) (see Recipes) 

72. Western blot running buffer (1x) (see Recipes) 

73. Transfer buffer (10x) (see Recipes) 

74. Transfer buffer (1x) (see Recipes) 
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75. 20x Tris-buffered saline (TBS) (see Recipes) 

76. TBS-T(1 L) (see Recipes) 

77. Blocking buffer (see Recipes) 

78. 3% BSA-TBS-T (see Recipes) 

79. SuperSignal west Femto solution (per membrane) (see Recipes) 

 

Equipment 
 

1. Aluminum dissection pan with vinyl dissecting pad (Carolina, catalog number: 629004) 

2. Dissection tools: sterilized scissors and forceps (Roboz, catalog numbers: RS-5983, RS-5877, 

RS-5358, RS-5135) 

3. O2/CO2 incubator (Sanyo, catalog number: MC0-18M) 

4. Biosafety hood 1300 series A2 (Thermo Scientific, model: 1377) 

5. Water bath Isotemp 220 (Fisher Scientific, catalog number: FS220) 

6. Ice bucket (no particular brand is required) 

7. Centrifuge 5430R with rotor FA-35-6-30 (Eppendorf, catalog number: 022620659) and rotor 

5430/R FA-45-48-11 (Eppendorf, catalog number: 5427754008) 

8. Countess automated cell counter (Thermo Fisher Scientific, Invitrogen, catalog number: 

C10227) 

9. Ultra-centrifuge Optima XPM (Beckman Coulter, catalog number: A99842) 

10. Alphapette Pipettors 

0.5-10 μl (Midwest Scientific, catalog number: ASALPHA A-10) 

2-20 μl (Midwest Scientific, catalog number: ASALPHA A-20)  

20-200 μl (Midwest Scientific, catalog number: ASALPHA A-200) 

100-1,000 μl (Midwest Scientific, catalog number: A-1000) 

11. Pipetboy acu 2 (Fisher Scientific, Integra Biosciences Corp, catalog number :155015) 

12. Criterion vertical electrophoresis cell (midi) (Bio-Rad, catalog number: NC0165100 or 1656001) 

13. Mini-Protean tetra vertical electrophoresis cell (Bio-Rad, catalog number: 1658004) 

14. PowerPac HC High-current power supply (Bio-Rad, catalog number: 1645052) 

15. Chemidoc MP imaging system (Bio-Rad, catalog number: 12003154) 

16. Mini Trans-Blot electrophoretic transfer cell (Bio-Rad, catalog number: 1703930) 

17. Criterion Blotter with plate electrodes (Bio-Rad, catalog number: 1704070) 

18. Incubation containers for Western blots; the lids of pipet tip racks 

19. Tube rack for 50 ml tubes 

20. Fluostar Omega multi-mode microplate reader (BMG Labtech) 

21. Plexiglass (in house made) 

22. Belly dancer shaker (IBI scientific, catalog number: BDRAA115S) 

23. Stirrer (Fisher Scientific, Isotemp, catalog number: 11-100-49S) 

24. Stirring bar (Fisher Scientific, catalog number: 50-999-347) 
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Software 
 

1. Image Lab, Version 6.0.1 build 34 (2017) (Bio-Rad) 

2. Omega, Version 3.00R2 (BMG Labtech) 

3. Omega Analysis, Version 2.40, Build 13 (BMG Labtech) 

 

Procedure 
 

A. Muscle excision 

1. Euthanize the mouse following guidelines approved by the institution. 

Notes: 

a. Both male and female mice can be used. 

b. For this protocol a genetically engineered animal model of the lysosomal storage disease 

sialidosis (de Geest et al., 2002) crossed into C57Bl/6 or FVB background was used. 

2. The isolation of the hind limb muscles does not require the use of a biosafety cabinet. No sterile 

conditions are necessary. 

3. Pin the mouse down in a prone position (dorsal side up) to the dissecting pad (Figure 1A). Spray 

the mouse with 70% ethanol. 

Note: For the isolation of other muscle types, pin the mouse down in a supine position (ventral 

side up) to the dissecting board. 

4. Remove the skin from both hind limbs to expose the muscles and gently cut away the fascia of 

both hind limb muscles. Locate the Achilles tendon and separate it from the bone with a pair of 

forceps (Figure 1B). 

Notes: 

a. Shaving the fur is not necessary for this procedure. 

b. There is not a standard method for the removal of the fur/skin to expose the muscles. The 

procedure we use is as follows: Make a ~1 cm cut in the skin at the level of the hip joint and 

carefully pull the skin towards the ankle to expose the leg muscles. 

5. Cut the Achilles tendon and carefully pull the GA muscle upwards towards the knee joint and 

cut it loose at the tendon (Figures 1C and 1D). 

Note: As the tendons from the GA and soleus are interconnected (forming the Achilles tendon) 

it is not possible to separate them. 

6. Remove the soleus (darker red colored part of the muscle). When the GA and soleus muscles 

are cut at the knee joint, the soleus will detach from the GA muscle and can be lifted up and cut 

at the Achilles tendon to separate it from the GA muscle (Figures 1E and 1F). 

Note: The removal of the soleus allows for a purer fibroblast isolation from the remaining GA 

muscle. 

7. Weight a 50 ml tube containing 5 ml DPBS. 
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8. Combine the GA muscles from both legs and transfer them to the pre-weighted 50 ml tube and 

weight the tube again. Place the tube on ice. 

 

 
Figure 1. Dissection of GA muscle from the hind limb of adult mice. A. Picture presented 

here shows the mouse legs before removal of the fur/skin. B. The fur/skin is removed to expose 

the GA muscle (dashed lines) and the Achilles tendon, which is separated from the bone by a 

pair of forceps. C. The Achilles tendon is cut. D. The GA/soleus muscles are pulled upwards 

and cut at the knee joint. E. Isolated GA muscle is shown with the soleus (darker red and dashed 

lines) that is still attached. F. GA muscle is shown after removal of the soleus. 

 

B. Fibroblasts isolation from the gastrocnemius muscle 

1. Prepare the biosafety hood by placing all necessary tools inside, including tube racks, pipets, 

dishes, tubes, tip boxes. 

2. Take two scalpels out of the sterile wrap and place them in the hood. 

3. Place a 10 cm dish open in the hood. 

4. Take out the sterile forceps and transfer the two GA muscles into the 10 cm dish. 

Note: The tissues contain residual amount of DPBS, which keeps the tissue moist during the 

procedure. 

5. Chop the muscles with the scalpels until it become a fine paste. 

6. Transfer the finely chopped muscle paste onto a 50 ml tube using the scalpels, cap the tube 

and place it back on ice. 
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Notes: 

a. Additional DPBS is not required to transfer the minced muscle tissue with scalpels. 

b. If additional muscle samples need to be processed, repeat steps B4-B6 and transfer each 

chopped muscle paste to a new 50 ml tube. 

7. Add digestion mixture to each tube; 3.5x volume/mg tissue (see Recipes 1-4) and incubate at 

37 °C for 45 min. 

Note: Alternatively, a tissue dissociator can be used to dissociate the muscles. 

8. During the 45 min digestion period, the tissue suspension needs to be mixed every 10 min by 

pipetting it up and down with a 5 ml pipet. This will promote the complete dissociation of the 

tissue. 

9. Add 20 ml complete medium to each tube to terminate the enzymatic digestion (see Recipe 5). 

10. Place a 70 μm cell strainer on a new 50 ml tube. 

11. Filter the tissue/cell suspension through the strainer, rinsing it with an additional 5.0 ml complete 

medium. 

12. Centrifuge the tissue/cell suspension at 300 x g at 4 °C for 10 min. 

13. Resuspend the pellet containing the cells in 10 ml complete medium. 

14. Seed the resuspended pellet in a 10 cm dish (Passage 0, P0) and incubate at 37 °C/5% CO2/3% 

O2. 

Note: The fibroblasts are cultured at a low oxygen level to keep the culture conditions as close 

as possible to the physiologic conditions, since the O2 level in skeletal muscle is around 2.5% 

(Mas-Bargues et al., 2019). 

 

C. Fibroblasts culture, trypsinization and expansion 

1. Culture the P0 fibroblasts until 100% confluency plus 1 day. 

Notes: 

a. Primary fibroblasts at P0 are routinely cultured until 100% confluency plus 1 day (and only 

for P0) to purge the cultures from any contaminating cells. 

b. The expected yield of fibroblasts (P0) from one pair of hind limb gastrocnemius muscles 

ranges from 1 to 5 x 106 cells, depending on the age and background of the mouse used. 

2. When cells are ready to be expanded, remove the culture medium and rinse the cells with     

10 ml DPBS. 

Note: Be sure to remove all DPBS because it may interfere with the TrypLE express enzymatic 

activity. 

3. Add 1.0 ml TrypLE to the dish and incubate at 37 °C for 5 min. 

4. Tap the side of the dish and check under the microscope for complete detachment of the cells. 

If necessary, incubate another 5 min at 37 °C. 

5. Add 10 ml complete medium to inactivate the TrypLE and transfer the cells into a 50 ml tube. 

6. Centrifuge at 300 x g for 10 min at room temperature. 
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Note: At this point P0 cells can be resuspended in freezing medium to be frozen for later use 

(see Recipe 6). 

7. Resuspend the cells in 10 ml complete medium. 

8. If needed, cells can be counted by mixing 10 μl cell suspension with 10 μl Trypan Blue and 

transferred to the Countess cell counter chamber. 

Note: Any type of cell counter can be used as long as it gives an accurate count of viable cells. 

9. Cells are seeded at a concentration of 1.0 x 105/ml, resulting in 2 x 106 cells (20 ml) per 15 cm 

dish. 

10. Culture the cells at 37 °C/5% CO2/3% O2 until 80%-90% confluency (Passage 1, P1). 

11. Repeat Steps C2 to C10 for additional passaging of the culture. 

Notes: 

a. The number of 15 cm dishes needed will depend on the total number of cells required; e.g., 

at P2 cells are seeded in 2-4, 15 cm dishes; at P4 they are seeded in 15-30, 15 cm dishes 

if a high yield of exosomes is required. 

b. The yield of exosomes from a 15 cm dish of primary fibroblasts is ~3-4 μg. We suggest 

seeding 20-25, 15 cm dishes to obtain enough exosomes for subsequent analyses. 

c. After P4, primary cells are discarded and not used for any further experiments as they 

change their characteristics. 

 

D. Crude Exosome isolation 

1. Wash the 15 cm dishes containing fibroblasts (P2-P4) with 10 ml DPBS. 

Note: Be sure to remove all DPBS because it may interfere with the TrypLE express enzymatic 

activity. 

2. Add 2.5 ml TrypLE to each dish and incubate at 37 °C for 5 min. 

3. Tap the side of the dish and check under the microscope for complete detachment of the cells. 

If necessary, incubate another 5 min at 37 °C. 

4. Add 10 ml complete medium to inactivate the TrypLE and transfer the cells to a 50 ml tube. 

5. Centrifuge the cells at 300 x g for 10 min at room temperature. 

6. Resuspend the cells in 10 ml complete exosome free medium (see Recipes 7 and 8). 

Note: All vesicles/exosomes naturally present in FBS need to be removed prior to adding the 

FBS to the fibroblast culture medium, as they will interfere with further experimental analyses. 

7. If needed, cells can be counted by mixing 10 μl cell suspension with 10 μl Trypan Blue and 

transferred to the Countess cell counter chamber. 

Note: Any type of cell counter can be used as long as it gives an accurate count of viable cells. 

8. Seed the cells in the exosome free medium at the concentration of 1.5 x 106 - 2.0 x 106 per   

15 cm dish and incubate at 37 °C/5% CO2/3% O2. 

9. Collect the conditioned medium in 50 ml tubes on ice after 16 to 24 h. 

Notes: 

a. The collected medium can be stored at 4 °C up to one week, if not processed immediately. 
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b. If cells are not 80% confluent at the time of medium harvesting, fresh exosomal medium 

can be added and collected after an additional 16 to 24 h period. Combine the two batches 

of conditioned medium for further processing. 

10. Centrifuge the conditioned medium at 300 x g for 10 min at 4 °C and transfer it to a new 50 ml 

tube on ice (Figure 2.1). 

Note: This step is performed to eliminate viable cells. 

11. Centrifuge at 2,000 x g for 10 min at 4 °C (Figure 2.2). 

Note: This step is performed to eliminate dead cells. 

12. Transfer supernatant to a thin wall Polypropylene tube on ice and centrifuge in an ultracentrifuge 

at 10,000 x g at 4 °C for 30 min (Figure 2.3). 

Note: This step removes organelles, apoptotic bodies and membrane fragments. Centrifugation 

at 10,000 x g can also be performed using a Sorval centrifuge. 

13. Transfer the supernatant to an ultra-clear tube on ice and ultracentrifuge it at 100,000 x g at 

4 °C for 1.5 h (Figure 2.4). 

Note: If exosomes need to be under sterile condition, the open ultra-clear tubes can be 

exchanged for sterile ultra-clear tubes with lids. 

14. Carefully discard the supernatant with a 10 ml pipette. Leave about 1.0 ml of liquid in the tube 

to avoid disturbance of the pellet. 

15. Add an additional 1.0 ml of ice-cold DPBS and resuspend the pellet using a P1000 pipette. 

16. Fill the tube up to 35 ml with ice-cold DPBS and ultracentrifuge at 100,000 x g at 4 °C for 1.5 h 

(Figure 2.5). 

17. Carefully discard the supernatant and leave the tube containing the pellet on ice. 

Note: The pellet should be translucent and may be hard to visualize, therefore the supernatant 

should be removed very carefully. 

18. Resuspend the pellet in an appropriate volume of ice-cold DPBS (~25 μl/15 cm dish). 

19. The exosomes can be kept at 4 °C up to one week. For long-term storage exosomes should be 

stored at -80 °C. 

Notes: 

a. Avoid freezing/thawing cycles, which can damage exosomes and reduce their numbers. 

The exosomes should be aliquoted if multiple experiments are performed. 

b. The crude exosomes can be used for a variety of analyses, including Western blots and in 

vitro uptake experiments. 

c. When needed, mass spec analysis can be performed on crude exosomes. Run fifty μg of 

crude exosomes on a 10% bis-tris gel for ~1 cm into the gel and cut 3 equal sized bands 

for in-gel digestion (sequencing grade modified trypsin solution) prior to LC-MS/MS. 

 

E. Quantification of crude exosomes for Western blot analysis 

Note: As an alternative, nanoparticle tracking analysis (NTA) as well as dynamic light scattering 

(DSL) can be used to characterize exosomes (Szatanek et al., 2017). 
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1. Pipet 10 μl of each albumin standard dilutions (see Table 2) in duplicate into a 96-well plate to 

obtain the BCA standard curve. 

 

Table 2. BCA Standard Curve preparation 

Albumin standard 

dilution (mg/ml) 

Albumin stock Solution 

(2 mg/ml) (μl) ddH2O (μl) 

1.00 250 250 

0.80 200 300 

0.60 150 350 

0.40 100 400 

0.20 50 450 

0.10 25 475 

0.05 12.5 487.5 

0.00 0.0 500 

 

2. Pipet 5.0 μl 0.1% Triton X-100 in ddH2O in duplicate in a 96-welll plate (see Recipe 9). 

3. Add 5.0 μl of the exosomal samples to the wells containing 0.1% Triton X-100, resulting in a 1:2 

dilution. 

Note: The resuspended exosomal pellet should be diluted further (1:5 or 1:10), depending on 

the final yield of the preparation. 

4. Add 200 μl BCA working solution to all wells (see Recipe 10). 

5. Incubate the plate at 37 °C for 30 min and read the protein concentration at OD562 using a plate 

reader. 

6. On average 1 x 106 primary fibroblasts will yield approximately 3-4 μg exosomes that can be 

resuspended directly into electrophoresis loading buffer (0.5 μl of 1.0 M DTT (Recipe 11), 5.0 μl 

Laemmli sample buffer (4x) and 14.5 μl of ddH2O). 

 

F. Sucrose density gradient for purification of exosomes 

1. Prepare all the solutions needed for the sucrose density gradient and keep them on ice (see 

Recipes 12-15 and Table 3). 
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Table 3. Sucrose gradient solutions 

Final molarity (M) Sucrose (g) SGWS* volume (ml) 

2.0 2.74 4.0 

1.3 2.67 6.0 

1.16 2.38 6.0 

0.8 1.37 5.0 

0.5 0.86 5.0 

0.25 0.26 3.0 

*SGWS: Sucrose Gradient Working Solution (see Recipe 13). 

 

2. Resuspend 30 to 100 μg of exosomes in 1.0 ml of 0.25 M sucrose solution. 

3. Prepare the gradient in a 13 ml ultra-clear tube by pipetting the sucrose solutions in sequence 

starting from the bottom of the tube with 1.5 ml of 2.0 M, 2.5 ml of 1.3 M, 2.5 ml of 1.16 M,    

2.0 ml of 0.8 M, 2.0 ml of 0.5 M sucrose. Layer the gradient at the top with 1.0 ml sucrose 

solution containing exosomes (Figure 2.6). 

4. Centrifuge the gradient at 100,000 x g at 4 °C for 2.5 h, using a swinging bucket rotor (Figure 

2.6). 

5. Carefully take the tubes out of the rotor and place them on ice. 

6. Collect 1.0 ml fractions starting from the top of the gradient and transfer them to 1.7 ml 

Eppendorf tubes on ice (Figure 2.7). 

7. Add 110 μl 100% TCA to each tube, mix well and incubate at room temperature for 10 min (see 

Recipe 16) (Figure 2.8). 

8. Centrifuge at 10,000 x g at room temperature for 10 min and discard the supernatant. 

9. Wash the pellets with 500 μl pre-cooled 80% ethanol, pipetting up and down, and place the 

resuspended pellets at -20 °C for 10 min (see Recipe 17). 

10. Centrifuge at 10,000 x g at 4 °C for 10 min. 

11. Remove carefully the supernatant and let the pellets air dry for 10-15 min. 

12. Resuspend the pellets in 15-30 μl ice cold DPBS. 

Notes: 

a. The volume of DPBS used to resuspend the pellets depends on the starting material and 

the size of the pellet. 

b. For Western blot analyses, resuspend each pellet in electrophoresis loading buffer (0.5 μl 

1.0 M DTT (Recipe 16), 5.0 μl Laemmli sample buffer (4x) and 14.5 μl of ddH2O). 

13. Measure the protein concentration according to Steps E1 to E5. 
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Figure 2. Schematic presentation of exosomes isolation from cultured media. Removal of 

cells (1), dead cells (2) and cells debris (3) after sequential centrifugation steps. Ultra-

centrifugation of exosomes (4) and washing of exosomal pellet in DPBS (5). Loading of 

exosomal pellet on a sucrose density gradient (6). Fraction collection (7) after ultra-

centrifugation and precipitation with TCA (8). 

 

G. Western blot analyses of crude exosomes and purified sucrose gradient samples 

1. Prepare the electrophoresis running buffer and the buffer for transferring the proteins from the 

gel onto a PVDF membrane (Recipes 18-21). 

2. For the protein transfer, cut filter papers and membranes according to the size the gels used. 

Note: Filter papers and PVDF membranes are cut 7 cm by 9 cm for mini gels and 9 cm by     

14 cm for midi gels. 

3. Assemble the precast gel in the electrophoresis tank and fill the tank with running buffer. 

Notes: 

a. See instruction manual from Bio-Rad (https://www.bio-rad.com/) for “Mini-PROTEAN Tetra 

Cell Precast”. 

b. Gels with different percentage of polyacryamide are used depending on the molecular 

weight of the proteins that need to be resolved: 7.5% for proteins of 50-200 kDa, 10% for 

proteins of 15-100 kDa, 12% for proteins of 10-70 kDa and 15% for proteins of 12-45 kDa. 

4. Boil the exosomes (from crude exosomal preparations or purified sucrose density gradient 

fractions) resuspended in loading buffer for 5 min. Spin the samples at ~10,000 x g for 30 s 

prior to loading them on a precast gel. 

5. Before loading of the samples, rinse the wells of the gel with running buffer. 
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6. Load the precast gel with the exosomal samples and the protein markers, using round loading 

tips. 

Note: Resuspend each sample thoroughly prior to loading the gel. 

7. Run the gel at 100 V until the dye of the loading buffer reaches the base of the gel. 

8. Carefully remove the gel from the cassette, placed it on the Chemidoc imaging tray containing 

1.0 ml of transfer buffer and image it, using a Stain-Free program (Figure 3). 

Note: The stain-free gel is a handy tool to assess if the loading is equal in all samples. 

 

 
Figure 3. Stain-free gel loaded with exosomes. WT and Neu1−/− crude exosomes run on a 

Criterion TGX Stain-Free precast gel and imaged using the chemidoc stain free program (Figure 

from van de Vlekkert et al., 2019). 

 

9. Equilibrate the gel in transfer buffer. 

10. Label the PVDF membrane with a pencil or pen and activate it in 100% methanol for 10 s (max 

30 s). 

11. Briefly rinse the PVDF membrane in ddH2O and equilibrate it in transfer buffer. 

12. Soak the filter papers in transfer buffer. 

13. Assemble the gel, filter papers and PVDF membrane for transfer. 

Note: See instruction manual from Bio-Rad (https://www.bio-rad.com/) for “Mini Trans-Blot 

Electrophoretic Transfer Cell”. 

14. Transfer at 80 V for 1.5 to 2 h or overnight at 30 V at 4 °C. 

15. After transfer incubate the membrane in blocking buffer at room temperature for 1 h with 

agitation (see Recipes 22-24). 

16. Incubate the membrane (in a 50 ml tube) with the primary antibody (see Table 1) diluted in    

3.0 ml 3% BSA-TBS-T overnight at 4 °C with gentle agitation (see Recipes 22-23, 25). 

Note: Dilute the primary antibody to the recommended concentration/dilution. 
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17. Rinse the membrane 1 time with TBS-T and wash 3 times 10 min with TBS-T under gentle 

agitation (see Recipes 22-23). 

18. Incubate 1 h with a secondary antibody (see Table 1; 1:10,000 dilution) in blocking buffer at 

room temperature under gentle agitation. 

19. Rinse the membrane 1 time with TBS-T and wash 3 times 10 min with TBS-T under gentle 

agitation. 

20. Pipet 1.0 ml of SuperSignal west Femto developer solution on a plexiglass plate, making sure 

that the table/bench is leveled to avoid run off of the solution (Recipe 26). 

21. Remove excess of TBS-T and place the membrane face down on 1.0 ml developer solution. 

22. Incubate 30 s to 1 min, and place the membrane face up on the Blot/UV/Stain-Free sample tray. 

23. Image the membranes (Figure 4). 

 

 
Figure 4. Immunoblot analyses of exosomes using canonical exosomal markers. A. 

Exosomes were purified from WT and Neu1−/− cultured (myo)fibroblasts and probed with anti-

Alix, CD81, CD9, flotillin1, syndecan1 and syntenin1 antibodies. B. WT and Neu1−/− crude 

exosomes were subjected to sucrose density gradient and probed with anti-Alix, CD9 and CD81 

antibodies. Exosomes sedimented in fractions 3-6 which correspond to the densities of 1.096-

1.140 g ml-1 (figure from van de Vlekkert et al., 2019). 

 

Data analysis 
 

1. The protein concentration is calculated using the Omega data analysis software. 

2. Level of exosomal proteins are quantified using Image Lab software and normalized against the 

total amounts of proteins loaded on a stain-free gel. 
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Recipes 
 

1. Collagenase P stock solution (4x) 

Reconstitute 100 mg in 5.0 ml DPBS (20 mg/ml) 

Store at -20 °C 

2. Dispase II stock solution (10x) 

Reconstitute 1.0 g in 100 ml DPBS (11 U/ml) and store at -20 °C 

3. CaCl2 (1 M) 

Dissolve 1.1098 g in 10 ml ddH2O 

4. Digestion mixture 

2.5 ml of Collagenase P stock solution (final conc. 5.0 mg/ml) 

2.0 ml of Dispase II stock solution (final conc. 1.2 U/ml) 

100 μl of CaCl2 stock solution (final conc. 5.0 mM) 

15.4 ml DPBS 

Filter sterilize the solution and store at -20 °C 

5. Complete medium 

440 ml DMEM 

50 ml FBS 

5 ml Penicillin-Streptomycin 

5 ml GlutaMAX supplement 

Filter sterilize the solution and store at 4 °C 

6. Freezing medium 

10% DMSO 

90% FBS 

7. Exosome free FBS 

Spin FBS overnight at 100,000 x g at 4 °C in sterile thin wall Polypropylene tubes and transfer 

supernatant to 50 ml tubes 

Store at -20 °C 

8. Complete exosome free medium 

440 ml DMEM 

50 ml Exosome free FBS 

5 ml Penicillin-Streptomycin 

5 ml GlutaMAX supplement 

Filter sterilize the solution and store at 4 °C 

9. 0.1% Triton X-100 

Mix 1.0 ml Triton X-100 (10%) with 99 ml ddH2O 

10. BCA reagent working solution 

Stable for 1 day 

Mix 50 parts of BCA reagent A with 1 part of reagent B 
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11. 1.0 M DTT 

10 g DTT 

64.83 ml ddH2O 

Make 1.0 ml aliquots and store at -20 °C 

12. 0.5 M Tris-HCl, pH 7.4 

6.05 g Tris-base 

95 ml ddH2O 

Adjust pH to 7.4 with HCl 

Finalize volume to 100 ml and autoclave 

13. Protease inhibitor stock solution (100x) 

Dissolve one cOmplete protease inhibitor cocktail tablet in 500 μl ddH2O 

Store at -20 °C 

14. 10 mM Tris-HCl pH7.4/1 mM Mg(Ac)2 

100 μl Mg(Ac)2 of 1.0 M solution 

2.0 ml of 0.5 M Tris-HCl pH 7.4 

97.9 ml ddH2O 

Store at 4 °C 

15. Sucrose gradient solution 

30 ml 10 mM Tris-HCl pH7.4/1 mM Mg(Ac)2 

300 μl protease inhibitor (100x) 

Keep the solution on ice until use 

16. 100% TCA 

100 g TCA powder in 100 ml ddH2O 

17. 80% ethanol 

80 ml 100% ethanol 

20 ml ddH2O 

18. Western blot running buffer (10x) 

30.28 g Tris Base 

144.13 g Glycine 

10.0 g SDS 

800 ml ddH2O 

Check pH and it should be 8.3 

Finalize volume to 1.0 L 

19. Western blot running buffer (1x) 

Prepare fresh before use 

100 ml Western blot running buffer (10x) 

900 ml ddH2O 

20. Transfer buffer (10x) 

30.28 g Tris Base 
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144.13 g Glycine 

800 ml ddH2O 

Finalize volume to 1.0 L with ddH2O 

21. Transfer buffer (1x) 

100 ml transfer buffer (10x) 

200 ml methanol 

700 ml ddH2O 

Prepare fresh and keep at 4 °C until use 

22. 20x Tris-buffered saline (TBS) 

121.14 g Tris base 

175.32 g NaCl 

900 ml ddH2O 

Adjust pH to 8.0 with HCl 

Finalize volume to 1.0 L with ddH2O 

23. TBS-T (1 L) 

50 ml 20x Tris-buffered saline (TBS) 

10 ml Tween-20 (10%) 

940 ml ddH2O to final volume of 1 L and mix well 

24. Blocking buffer 

5.0 g Non-fat dry milk 

100 ml TBS-T 

Store at 4 °C 

25. 3% BSA-TBS-T 

3.0 g BSA 

100 ml TBS-T 

Store at 4 °C 

26. SuperSignal west Femto solution (per membrane) 

Mix 0.5 ml Luminol/Enhance with 0.5 ml Stable Peroxide Buffer 
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