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Overview
Start with 7.2×109 cells to be labeled (120% of expected labeled cells) => 4 L YP+D (cold) for ~8 hours => 4× 50-ml Falcon tubes => 6.4×109 beads
=> expect to recover 4.8×109 cells => 3 L YP+D (cold) for ~9 hours => 3× 50-ml Falcon tubes => 4.8×109 beads
=> expect to recover 3.4×109 cells => save 4×108 cells for ChIP, remaining 3×109 cells => 2 L YP+D for ~12 hours => 2× 50-ml Falcon tubes => 3×109 beads
=> expect to recover 1.6×109 cells => save 4×108 cells for ChIP, remaining 1.2×109 cells =>2 L YP+D for ~16 hours => 2× 50-ml Falcon tube => 1×109 beads
=> expect to recover 4×108 cells for ChIP
Protocol
Preparation for Cell Labeling
1. Inoculate 10 ml YPD from a colony and grow at 30 °C overnight. 
2. Resuspend enough cells in 300 ml YPD to reach an OD of 1.0 in the afternoon.
OD600 @ 		 (1:10): 		
To get OD 0.2×300 ml: 	 ml
3. Prepare 2× 2 L YP+D media for the first round of sorting, 3 L YP+D for the second round of sorting, and 2 L YP+D for the third and fouth round of sorting. Make sure to have enough cold 1× PBS and sterilized 500-ml centrifuge tubes.
4. Harvest cells at OD ~1 and combine into a 50-ml Falcon tube. Wash cells 3× in 40 ml of sterile 1×PBS for each tube.
OD600 @ 		 (1:2): 			
5. Resuspend cells in 40 ml 1× PBS. Dilute 300 folds, and determine cell density by counting cells with a haemocytometer. 
Count 1:		Count 2:		Count 3: 		Count 4: 	
Average:		Resuspended cell density: 		 /ml
Culture cell density: 		 /ml	Culture sp. density: 		 /ml/OD
Volume needed: ml for 		 cells: 		 ml
6. Take 7.2×109 cells for the first round of sorting, spin at 3000 rpm and remove supernatant. These cells will be labeled with biotin.
7. Save an aliquot of 4×108 cells as pre-labeling control (PLC). To crosslink for ChIP, dilute to 10 ml with PBS, add 280 µl of 37% Formaldehyde, and incubate at RT for 10 min with occasional shaking. Stop crosslinking reaction by adding 540 µl 2.5 M glycine (in PBS) and incubate at RT for 5 min. Spin down in a tabletop centrifuge at 3000 rpm for 3 min and remove supernatant. Resuspend cells in 800 µl PBS and transfer to a 2-ml screw-cap tube (with O-ring). Spin down cells in a microcentrifuge at 4000 rpm for 1 min, remove supernatant, and flash-freeze. Save another 2× 200 µl PLC sample in a 1.5-ml screw cap tube for mRNA and ERC assays, spin down at 4000 rpm for 1 min, remove supernatant and flash-freeze. Save 10 µl PLC sample for bud scar counting (BSC). Mix each bud scar counting sample with 1 µl of 37 % Formaldehyde and store at 4 °C.  
Cell Labeling
8. Warm up EZ-link Biotin to RT before opening. Prepare 10 mg/ml (18 mM) Sulfo-NHS-LC-Biotin (MW 556.59) solution and add 7.5 ml to cells from step 6.
9. Rotate for 15 min at 30 °C.
10. Wash 3× in 10 ml PBS + 0.1 M Glycine to quench and remove free biotin.
11. Resuspend in 2 ml PBS and aliquot into 2 1.5-ml Eppendorf tubes. Keep on ice until inoculation. About 8 hour before harvesting the cells, add each aliquot to 2 L cold (to slow down initial growth) YP+D, saving 5 ml blank medium before inoculation for blanking spec). Shake at 30°C overnight.
Inoculation time: 		
Sort Cells – First Round
12. Harvest cells when OD600 is around 1.6. Collect culture in sterilized 500-ml centrifuge tubes and spin at 5000 rpm at 4°C for 20 min. Drain off medium well.
	
	Flask A
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	OD600 @            (1:2)
	
	


13. Resuspend cells in each centrifuge tube with 10 ml cold PBS, combine into four 50-ml Falcon tubes. Wash 2× more with 40 ml PBS. Resuspend with 35 ml PBS+BE for each Falcon tube to get a final volume ~ 40 ml. Use a 10-ml pipet to resuspend cell pellet.
14. Divide 16 ml (6.4×109 beads) Dynabeads Biotin Binder (Cat # 110.47) in 4 Eppendorf tubes and equilibrate in 1 ml PBS+BE. Do two tubes at a time for the following. Add an aliquot of beads to each Falcon tube and incubate at 4 °C for 1 hour with rotating (do not incubate for more than 2 hour since Dynabeads lose biotin binding capability over time in the presence of living cells).
15. In the cold room, transfer 3.3 ml cells to a 5-ml Falcon tube (a total of 12 tubes for each 40-ml sample) in the magnetic stand. Wait for 15 min for cells to move towards the magnet at 4°C. 
16. Remove young cells gently with a 5-ml pipette without disturbing the strip of cells/beads attached to the magnet. Remove free cells by slowly pipeting from the top of tube and descending. Leave about 0.2 ml of cells at the bottom of tube to avoid removing old cells. The supernatant is pooled into a 50-ml Falcon tube and put on the magnetic stand for 15-50 ml tubes to make sure Dynabeads are harvested completely. Save the cells as “FT”. 
17. Wash each tube 2× with 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove free cells as before and save as “W1” and “W2”. Resupend cells with 1 ml PBS for all 12 tubes and combine into a 1.5-ml Eppendorf tube. Sort cells with a magnetic rack and save free cells as “W3”. Rinse Falcon tube walls with 500 µl – 1 ml PBS and combine to the Eppendorf tube. Save supernatant as “W4”. Repeat the wash four more times and save as “W5”, “W6”, “W7”, and “W8”. “W1” and “W2” can be spun down to collect lost beads and old cells during initial washing. All wash samples may be discarded after yield is confirmed.
18. Resuspend old cells in 12 ml PBS (total volume, expected 4×108/ml) for the first round of sorting.
19. For old cells, make 4 aliquots of 1:200 dilutions with PBS for cell counting. Count cells and calculate yield.
Count 1: 		Count 2: 		Count 3: 		Count 4: 	
Average: 		Cell density: 			 /ml
Total cells: 			Yield for this sorting: 				= 	%
Overall yield: 		%
20. For both young (FT, QS1Y) and old cells (QS1O), save 10 µl of cells (mixed with 1 µl 37% formaldehyde) for bud scar counting. Save 2× 100 µl (4×107) sorted cells and 2× 50 µl young cells in 1.5-ml screw-cap tubes for mRNA extraction and ERC assay, spin down and flash-freeze.
21. Do NOT save sorted old cells for ChIP. Save 0.5 ml young cells (10-20 ml culture worth of cells), crosslink (dilute to 10 ml with PBS first) for 10 min and then flash-freeze in a 2-ml screw-cap tube for ChIP. 
22. Keep old cells at 4 °C until inoculation. About 9 hours before harvesting the cells, add cells to 3 L cold (to slow down initial growth) YP+D, saving 5 ml blank medium before inoculation for blanking the spec. Shake at 30°C for ~9 hours.
Inoculation Time: 		
Sort Cells – Second Round
23. Harvest cells when OD is around 1.6. Collect culture in 500-ml centrifuge tubes and spin at 5000 rpm at 4°C for 20 min. Drain off medium well.
OD600 @ 	: 	
24. Resuspend cells in each centrifuge tube with 10 ml cold PBS, combine into three 50-ml Falcon tubes. Wash 2× more with 40 ml PBS. 
25. To remove used beads, resuspend cell pellet in 35 ml PBS and transfer 3.3 ml to 5-ml Falcon tubes in the magnetic stand. For each 50-ml Falcon tube, 12 5-ml tubes are needed. Wait 15 min for cells to move towards the magnet at 4°C.
26. Remove cells gently with a 5-ml pipette without disturbing the strip of beads attracted to the magnet. Try to remove as much cells as you can without taking significant amount of beads. The supernatant is pooled into a 50-ml Falcon tube as “FB-FT”.
27. Wash each 5-ml tube 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove supernatant as before and save as “FB-W1”. Resupend cells with 0.5 ml PBS for every 6 tubes and combine into a 1.5-ml Eppendorf tube. Separate the beads on a magnetic stand and save supernatant as “FB-W2”. Wash with 1 ml PBS two more times and save as “FB-W3” and “FB-W4”. Spin down “FB-FT”, “FB-W1-W4” in a tabletop centrifuge at 3000 rpm for 3 min. 
28. Resuspend and combine “FB-FT”, “FB-W1-W4” with 35 ml PBS+BE to get a final volume ~ 40 ml. Use a 10-ml pipet to resuspend cell pellet.
29. Divide 12 ml (4.8×109 beads) Dynabeads Biotin Binder (Cat # 110.47) in 3 Eppendorf tubes and equilibrate in 1 ml PBS+BE. Do two tubes at a time for the following. Add an aliquot of beads to each Falcon tube and incubate at 4 °C for 1 hour with rotating (do not incubate for more than 2 hour since Dynabeads lose biotin binding capability over time in the presence of living cells).
30. Resuspend the used beads with 1 ml PBS for each Eppendorf tube and check under the microscope to make sure no significant amount of cells are pulled down.
31. After the 1-hr incubation with the new beads, in the cold room, transfer 3.3 ml cells to a 5-ml Falcon tube (a total of 12 tubes for each 40-ml sample) in the magnetic stand. Wait 15 min for cells to move towards the magnet at 4°C. 
32. Remove young cells gently with 5-ml pipette without disturbing the strip of cells/beads attached to the magnet. Remove free cells by slowly pipeting from the top of tube and descending. Leave about 0.2 ml of cells at the bottom of tube to avoid removing old cells. The supernatant is pooled into a 50-ml Falcon tube and put on the magnetic stand for 15-50 ml tubes to make sure Dynabeads are harvested completely. Save the cells as “FT”. 
33. Wash each tube 2× with 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove free cells as before and save as “W1” and “W2”. Resupend cells with 1 ml PBS for all 12 tubes and combine into a 1.5-ml Eppendorf tube. Sort cells with a magnetic rack and save free cells as “W3”. Rinse Falcon tube walls with 500 µl – 1 ml PBS and combine to the Eppendorf tube. Save supernatant as “W4”. Repeat the wash four more times and save as “W5”, “W6”, “W7”, and “W8”. “W1” and “W2” can be spun down to collect lost beads and old cells during initial washing. All wash samples may be discarded after yield is confirmed.
34. Resuspend old cells in 8.5 ml PBS (total volume, expected 4×108/ml) for the second round of sorting.
35. For old cells, make 4 aliquots of 1:200 dilutions with PBS for cell counting. Count cells and calculate yield.
Count 1: 		Count 2: 		Count 3: 		Count 4: 	
Average: 		Cell density: 		 /ml
Total cells: 			Yield for this sorting: 			 	= 	%
Overall yield: 		%
36. For both young (FT, QS2Y) and old cells (QS2O), save 10 µl of cells (mixed with 1 µl 37% formaldehyde) for bud scar counting. Save 2× 100 µl sorted cells and 2× 50 µl young cells in 1.5-ml screw-cap tubes for mRNA extraction and ERC assay, spin down and flash-freeze.
37. If the total of recovered old cells exceeds 3.2×109, save 4×108 sorted old cells and 0.5 ml young cells (20 ml culture worth of cells), and crosslink (dilute to 10 ml with PBS first) for 10 min and then flash-freeze in a 2-ml screw-cap tube for ChIP. Use the remaining old cells for further sorting.
38. Keep cells at 4 °C until inoculation. About 12 hour before harvesting the cells, add cells to 2 L prewarmed YP+D, saving 5 ml blank medium before inoculation for blanking spec). Shake at 30°C for ~12 hours.
Inoculation Time: 		
Sort Cells – Third Round
39. Harvest cells when OD is around 1.6. Collect culture in 500-ml centrifuge tubes and spin at 5000 rpm at 4°C for 20 min. Drain off medium well.
OD600 @ 	: 	
40. Resuspend cells in each centrifuge tube with 10 ml cold PBS, combine into two 50-ml Falcon tubes. Wash 2× more with 40 ml PBS. 
41. To remove used beads, resuspend cell pellet in 35 ml PBS and transfer 3.3 ml to 5-ml Falcon tubes in the magnetic stand. For each 50-ml Falcon tube, 12 5-ml tubes are needed. Wait 15 min for cells to move towards the magnet at 4°C.
42. Remove cells gently with a 5-ml pipette without disturbing the strip of beads attracted to the magnet. Try to remove as much cells as you can without taking significant amount of beads. The supernatant is pooled into a 50-ml Falcon tube as “FB-FT”.
43. Wash each 5-ml tube 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove supernatant as before and save as “FB-W1”. Resupend cells with 0.5 ml PBS for every 6 tubes and combine into a 1.5-ml Eppendorf tube. Separate the beads on a magnetic stand and save supernatant as “FB-W2”. Wash with 1 ml PBS two more times and save as “FB-W3” and “FB-W4”. Spin down “FB-FT”, “FB-W1-W4” in a tabletop centrifuge at 3000 rpm for 3 min. 
44. Resuspend and combine “FB-FT”, “FB-W1-W4” with 35 ml PBS+BE to get a final volume ~ 40 ml. Use a 10-ml pipet to resuspend cell pellet.
45. Divide 7.5 ml (3×109 beads) Dynabeads Biotin Binder (Cat # 110.47) in 2 1.5-ml Eppendorf tubes and equilibrate in 1 ml PBS+BE. Add an aliquot of beads to each Falcon tube and incubate at 4 °C for 1 hour with rotating (do not incubate for more than 2 hour since Dynabeads lose biotin binding capability over time in the presence of living cells).
46. Resuspend the used beads with 1 ml PBS for each Eppendorf tube and check under the microscope to make sure no significant amount of cells are pulled down.
47. After the 1-hr incubation with the new beads, in the cold room, transfer 3.3 ml cells to a 5-ml Falcon tube (a total of 12 tubes for each 40-ml sample) in the magnetic stand. Wait 15 min for cells to move towards the magnet at 4°C. 
48. Remove young cells gently with 5-ml pipette without disturbing the strip of cells/beads attached to the magnet. Remove free cells by slowly pipeting from the top of tube and descending. Leave about 0.2 ml of cells at the bottom of tube to avoid removing old cells. The supernatant is pooled into a 50-ml Falcon tube and put on the magnetic stand for 15-50 ml tubes to make sure Dynabeads are harvested completely. Save the cells as “FT”. 
49. Wash each tube 2× with 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove free cells as before and save as “W1” and “W2”. Resupend cells with 1 ml PBS for all 12 tubes and combine into a 1.5-ml Eppendorf tube. Sort cells with a magnetic rack and save free cells as “W3”. Rinse Falcon tube walls with 500 µl – 1 ml PBS and combine to the Eppendorf tube. Save supernatant as “W4”. Repeat the wash four more times and save as “W5”, “W6”, “W7”, and “W8”. “W1” and “W2” can be spun down to collect lost beads and old cells during initial washing. All wash samples may be discarded after yield is confirmed.
50. Resuspend old cells in 4 ml PBS (total volume, expected 4×108/ml) for the second round of sorting.
51. For old cells, make 4 aliquots of 1:200 dilutions with PBS for cell counting. Count cells and calculate yield.
Count 1: 		Count 2: 		Count 3: 		Count 4: 	
Average: 		Cell density: 		 /ml
Total cells: 			Yield for this sorting: 			 	= 	%
Overall yield: 		%
52. For both young (FT, QS3Y) and old cells (QS3O), save 10 µl of cells (mixed with 1 µl 37% formaldehyde) for bud scar counting. Save 2× 100 µl sorted cells and 2× 50 µl young cells in 1.5-ml screw-cap tubes for mRNA extraction and ERC assay, spin down and flash-freeze.
53. If the total of recovered old cells exceeds 1.4×109, save 4×108 sorted old cells and 0.5 ml young cells (20 ml culture worth of cells), and crosslink (dilute to 10 ml with PBS first) for 10 min and then flash-freeze in a 2-ml screw-cap tube for ChIP. Use the remaining old cells for further sorting.
54. Keep cells at 4 °C until inoculation. About 16 hour before harvesting the cells, add cells to 2 L prewarmed YP+D, saving 5 ml blank medium before inoculation for blanking spec). Shake at 30°C for ~16 hours.
Inoculation Time: 		
Sort Cells – Fourth Round
55. Harvest cells when OD is around 1.6. Collect culture in 500-ml centrifuge tubes and spin at 5000 rpm at 4°C for 20 min. Drain off medium well.
OD600 @ 	: 	
56. Resuspend cells in each centrifuge tube with 10 ml cold PBS, combine into two 50-ml Falcon tubes. Wash 2× more with 40 ml PBS. 
57. To remove used beads, resuspend cell pellet in 35 ml PBS and transfer 3.3 ml to 5-ml Falcon tubes in the magnetic stand. For each 50-ml Falcon tube, 12 5-ml tubes are needed. Wait 15 min for cells to move towards the magnet at 4°C.
58. Remove cells gently with a 5-ml pipette without disturbing the strip of beads attracted to the magnet. Try to remove as much cells as you can without taking significant amount of beads. The supernatant is pooled into a 50-ml Falcon tube as “FB-FT”.
59. Wash each 5-ml tube 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove supernatant as before and save as “FB-W1”. Resupend cells with 0.5 ml PBS for every 6 tubes and combine into a 1.5-ml Eppendorf tube. Separate the beads on a magnetic stand and save supernatant as “FB-W2”. Wash with 1 ml PBS two more times and save as “FB-W3” and “FB-W4”. Spin down “FB-FT”, “FB-W1-W4” in a tabletop centrifuge at 3000 rpm for 3 min. 
60. Resuspend and combine “FB-FT”, “FB-W1-W4” with 35 ml PBS+BE to get a final volume ~ 40 ml. Use a 10-ml pipet to resuspend cell pellet.
61. Divide 2.5 ml (1×109 beads) Dynabeads Biotin Binder (Cat # 110.47) in 2 1.5-ml Eppendorf tubes and equilibrate in 1 ml PBS+BE. Add an aliquot of beads to each Falcon tube and incubate at 4 °C for 1 hour with rotating (do not incubate for more than 2 hour since Dynabeads lose biotin binding capability over time in the presence of living cells).
62. Resuspend the used beads with 1 ml PBS for each Eppendorf tube and check under the microscope to make sure no significant amount of cells are pulled down.
63. After the 1-hr incubation with the new beads, in the cold room, transfer 3.3 ml cells to a 5-ml Falcon tube (a total of 12 tubes for each 40-ml sample) in the magnetic stand. Wait 15 min for cells to move towards the magnet at 4°C. 
64. Remove young cells gently with 5-ml pipette without disturbing the strip of cells/beads attached to the magnet. Remove free cells by slowly pipeting from the top of tube and descending. Leave about 0.2 ml of cells at the bottom of tube to avoid removing old cells. The supernatant is pooled into a 50-ml Falcon tube and put on the magnetic stand for 15-50 ml tubes to make sure Dynabeads are harvested completely. Save the cells as “FT”. 
65. Wash each tube 2× with 3 ml cold PBS without removing tubes from the magnetic stand and wait for 5 min. Remove free cells as before and save as “W1” and “W2”. Resupend cells with 1 ml PBS for all 12 tubes and combine into a 1.5-ml Eppendorf tube. Sort cells with a magnetic rack and save free cells as “W3”. Rinse Falcon tube walls with 500 µl – 1 ml PBS and combine to the Eppendorf tube. Save supernatant as “W4”. Repeat the wash four more times and save as “W5”, “W6”, “W7”, and “W8”. “W1” and “W2” can be spun down to collect lost beads and old cells during initial washing. All wash samples may be discarded after yield is confirmed.
66. Resuspend old cells in 1 ml PBS (total volume, expected 4×108/ml) for the fourth round of sorting.
67. For old cells, make 4 aliquots of 1:200 dilutions with PBS for cell counting. Count cells and calculate yield.
Count 1: 		Count 2: 		Count 3: 		Count 4: 	
Average: 		Cell density: 		 /ml
Total cells: 			Yield for this sorting: 			 	= 	%
Overall yield: 		%
68. For both young (FT, QS4Y) and old cells (QS4O), save 10 µl of cells (mixed with 1 µl 37% formaldehyde) for bud scar counting. Save 2× 100 µl sorted cells and 2× 50 µl young cells in 1.5-ml screw-cap tubes for mRNA extraction and ERC assay, spin down and flash-freeze.
69. Crosslink (dilute to 10 ml with PBS first) both sorted old cells (~4×108 cells) and 0.5 ml young cells (10-20 ml culture worth of cells) for 10 min and then flash-freeze in a 2-ml screw-cap tube for ChIP.
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