Cushion density gradient ultracentrifugation (CDGUC) purification of exosomes
Written by Nan Hyung Hong (March, 2016), and modified by Weaver lab (2020).  This is essentially the procedure from the Raffai lab, published in Li et al., Methods Mol Biol, 1740:69-83, 2018, except we are using serum-free media.

1. After growing cells in OPTI-MEM for 48 hrs, collect conditioned media (total 30 mL from the 2 x T150 flasks).
2. Centrifuge at 300 x g for 5 min in cell culture room (to remove cell debris).
3. Transfer the supernatant to the new tubes (balance tubes before centrifuging) and centrifuge at 2000 x g for 25 min at 4 ℃ 
4. Transfer the supernatant to Ti45 ultracentrifuge tubes (60 ml capacity), and centrifuge at 10,000 x g for 30 min at 4 ℃ (Pellet is large EVs, collect and wash if desired)
5. Layer 2 mL of 60% OptiPrep at the bottom of SW32 ultracentrifuge tube (UltraClear 25x89 mm for SW 32 Ti rotor). Then carefully layer 30 mL of your sample (sup from step 4) on top of the 60% OptiPrep. 
Alternatively, place sample in tube first, then use long metal needle attachment for syringe to place 2 mL 60% Opti-Prep at bottom of tube, under sample.
[bookmark: _GoBack]6. Spin at 100,000 x g in a swinging rotor (SW 32 Ti, Beckman) for 4 hr at 4℃.  Can also centrifuge overnight for this step, may increase yield, may also decrease purity.
7. Collect bottom 3 mL (with long metal needle attachment for syringe) (2 mL of 60% Opti-prep + 1 mL of sample = 40% final iodixanol concentration).
8. Layer 3 mL of sample collected from step 7 at the bottom of SW40 ultracentrifuge tube (UltraClear 14x95 mm). Layer 3 mL of 20%, 10%, and 5% Opti-Prep (diluted from 60% stock with 0.25 M Sucrose; 10 mM Tris pH 7.5 (filtered, keep at 4℃)) on top of each other. Pour layers very slowly and carefully so they do not mix and you can see clear lines separating the different density layers.
9. Spin the gradient at 100,000 x g for 18 hr at 4 ℃ with swinging rotor (SW 40 Ti, Beckman).
10. Once the spin is finished, collect 1 mL fractions (there should be 12 – 1 mL fractions/tube) into microcentrifuge tubes. Wash the fractions by adding the fraction to a 3 mL ultracentrifuge tube compatible with the TLA 100.3 rotor or TLA110 for the tabletop ultracentrifuge. Add 2 mL PBS to each fraction, mix well by pipetting, and spin at 100,000 x g (49,000 rpm) for 2 hr. Gently pipette the samples (do not disturb exosome pellet, mixing OptiPrep layer only) and re-spin at 100,000 x g for an additional 1 hr.  This last step is because the OptiPrep gradient may reform during the spin, which can lead to loss of EVs.
11. Resuspend the pellet from each fraction in a small volume of PBS (10-50 uL depending on the amount of input) and analyze by Nano-Particle tracking system, western blot, etc. Note: there will not be a visible pellet in many of the fractions so be mindful of which side of the tube is facing toward the outside of the rotor as that is where the pellet will collect.
Note:  If needed can do an extra wash between steps 10 and 11 by adding 3 ml cold PBS carefully and spinning at 100,000 x g for 1h.
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