iPOND 2.0 (with streptavidin-magnetic beads)
MATERIALS
REAGENTS
· EdU (Invitrogen, cat. no. E10187)
· Thymidine (Sigma, cat. no. T1895)
· Formaldehyde solution (37% (wt/vol); Sigma, cat. no. F1635) 
! CAUTION Formaldehyde is very toxic if inhaled, ingested or absorbed through skin.
· PBS, pH 7.2 (10×; Gibco, cat. no. 70013)
· Glycine (Fisher, cat. no. BP 381)
· Cell lifter (Corning, cat. no. 3008)
· Triton X-100 (Sigma, cat. no. T8787) 
! CAUTION Hazardous in case of eye contact, ingestion or inhalation.
· BSA (Sigma, cat. no. A7030)
· Dimethyl sulfoxide (DMSO; Fisher, cat. no. A4034) 
! CAUT ION It readily permeates skin, is a combustible liquid and vapor, and is hygroscopic.
· Copper (II) sulfate pentahydrate (CuSO4·5H2O; Fisher, cat. no. C489)
! CAUTION It is toxic if swallowed and causes skin and eye irritation.
· ( + ) Sodium l-ascorbate (Sigma, cat. no. A4034)
· Biotin azide (Invitrogen, cat. no. B10184)
· SDS (Sigma, cat. no. L4390) 
! CAUTION SDS is toxic on contact with skin, harmful if swallowed, and causes skin, eye and respiratory irritation.
· Tris, pH 8.0 and 6.7
· Sodium chloride (NaCl) 
· Lithium chloride (LiCl)
· RNase A solution (Sigma, cat. no. R6148)
· Proteinase K (Sigma, cat. no. P5568)
· Glycerol
· Bromophenol blue
· EDTA
· Agarose (Bio-Rad Laboratories, cat. no. 161-3101)
· Dithioerythritol (DTT; Sigma, cat. no. D-8255)
· Aprotinin (Sigma, cat. no. A6279)
· Leupeptin (Sigma, cat. no. L2884)
· Dynabeads MyOne Streptavidin C1 beads (Life Technologies, cat. no. 65001) 
CRITICAL Different bead surfaces and binding capacities will alter iPOND efficiency.
· Trichloroacetic acid (TCA) ! CAUTION TCA is corrosive.
· Acetone ! CAUTION It is highly flammable.
· Western Lightning Plus enhanced chemilluminescence substrate
(PerkinElmer, cat. no. NEL103001EA)
· Igepal CA-630
· Odyssey infrared imaging system (Li-Cor Biosciences)
· Click reaction stock solutions (biotin azide, CuSO4 and sodium l-ascorbate; see REAGENT SETUP)
EQUIPMENT
· Nylon mesh (90 μm; Small Parts, cat. no. B000FN0PGQ)
· Glass vial screw thread with cap attached for UV photocleavage (Fisher, cat. no. 03-338AA) CRITICAL Other vial surfaces may perturb penetration of UV light, necessitating different elution times or conditions.
· Magnetic micro-stirring bar (2 mm diameter × 7 mm length; Fisher, cat. no. 1451363)
· Microtip sonicator for cell lysis and chromatin fragmentation (Misonix 4000 or Fisher Scientific Sonic Dismembrator, model 500)
· Rotating platform for biotin captures
· UV lamp (UVP, cat. no. UVLMS-38 EL Series 3UV lamp, 365/302/254 nm UV 8 Watt)
· Magnetic stir plate
· Microcentrifuge for 1.5-ml microcentrifuge tubes
· Tabletop centrifuge for 15-ml and 50-ml conical tubes
· Cell culture incubator
· Biological safety cabinet
REAGENT SETUP
· EdU Dissolve EdU in DMSO to obtain a final concentration of 10 mM. Protect from light. Store in aliquots at − 20 °C for up to 1 year. Before use, thaw at 37 °C. To EdU-label cells, pipette 1:1,000 of EdU directly into medium for a final concentration of 10 μM.
· Thymidine Dissolve in water to a final concentration of 10 mM. Store in aliquots at –20 °C for up to 1 year. Thaw the solution before use. Use at a final concentration of 10 μM.
· PBS, 1× Prepare 1× PBS from 10× PBS stock by diluting 1:10 with water; store at room temperature (RT, 25 °C) for up to 1 year.
· Formaldehyde/PBS, 1% (wt/vol) Dilute 37% (wt/vol) formaldehyde 1:37 with PBS. Freshly prepare this reagent and keep it at RT until cell fixation (PROCEDURE, Step 12).
· Glycine, 1.25 M Prepare 1.25 M glycine stock in water and store at RT for up to 1 year. Use at 1:10 dilution for a final concentration of 0.125 M glycine.
· Permeabilization buffer Prepare a 20% (vol/vol) stock of Triton X-100 in water and keep it at RT. Dilute to 0.25% (vol/vol) Triton X-100 in PBS. Store at 4 °C for several months.
· BSA in PBS wash buffer, 0.5% (wt/vol) Prepare 0.5% (wt/vol) BSA in PBS. Filter-sterilize the solution and store it at 4 °C for a couple of weeks.
· Biotin azide (1 mM) Dissolve biotin azide in DMSO to a final concentration of 1 mM. Aliquot and store at − 20 °C for up to 1 year.
· CuSO4 (100 mM) Prepare a stock of 100 mM CuSO4 in H2O; store at RT for several months.
· Sodium l-ascorbate Freshly prepare 20 mg ml  of ( + ) sodium l-ascorbate (reducing agent) in H2O; limit exposure to air and store on ice until needed.
· Click reaction mixes To prepare click reaction cocktails, please see Table 1 for details. Cocktails are freshly prepared for each experiment before the click reaction (PROCEDURE, Step 29).
· Lysis buffer Prepare 1% (wt/vol) SDS in 50 mM Tris (pH 8.0). Store at RT for several months. Before use, add protease inhibitors aprotinin and leupeptin to a final concentration of 1 μg ml 
· Low salt wash buffer 1% Triton X-100, 20mM Tris (pH 8.0), 2mM EDTA and 150mM NaCl. Store at RT for 1 year.
· High salt wash buffer 1% Triton X-100, 20mM Tris (pH 8.0), 2mM EDTA and 500mM NaCl. Store at RT for 1 year.
· Lithium chloride salt wash buffer 100mM Tris (pH 8.0), 500mM LiCl and 1% Igepal (NP-40). Store at RT for 1 year.
· iPOND elution buffer 50mM Tris (pH 8.0), 10mM EDTA and 0.25% SDS.
· Cross-link reversal solution Mix 2 μl of 0.5 M EDTA, 4 μl of 1 M Tris (pH 6.7) and 1 μl of Proteinase K. Freshly prepare this solution.
· 2X Sample buffer
PROCEDURE
Cell culture preparation ● TIMING 1–7 d
1) Calculate the number of dishes of cells needed for the experiment. Each sample requires at least       20 × 107 cells at the time of the EdU pulse. We typically use four 150 mm dishes of HEK293T cells per sample. The number of cells may need to be increased depending on the application and cell type.
2) Expand cell cultures 1 day before EdU incubation (Step 3) to ensure that the cells are growing optimally. Include one extra dish of cells for counting the cell number in Step 3.
 CRITICAL STEP For HEK293T cells, the experiment works best when cell confluence is between 4 and 6 × 107 cells per dish on the day of the EdU pulse. Cells must be in log phase of growth and should not be overgrown. Monitor proper incubator temperature and CO2 content. EdU incorporation is not maximal unless these crucial parameters are met. If you are performing chases, equilibrate the medium to 37 °C and the proper CO2 content overnight.
EdU labeling of nascent DNA ● TIMING 10 min–8 h
3) Determine the cell number in the extra dish of cells from Step 2. This cell number will be used to calculate the amount of the reagents used for each sample in Step 29.
4) Plan out times to pulse, chase, fix, quench, collect and wash the samples.
 CRITICAL STEP Stagger the samples to ensure that each is treated equally throughout the processing steps.
5) To pulse cells with EdU, remove the dishes from the incubator and place them in a biological safety cabinet.
6) Add 23 μl of the 10 mM EdU stock into 23 ml of cell culture medium in each dish to achieve a final EdU concentration of 10 μM. Return the dishes to the incubator for the desired pulse time (e.g., 10 min).
7) If thymidine chases or drug treatments are not being performed, skip to Step 11.
8) To perform thymidine chase or addition of drug, remove the dishes from the incubator and decant the medium.
9) Carefully wash the cells with 5 ml of chase medium and decant. The chase medium should have been pre-equilibrated to 37 °C and the proper CO2 content.
10) Add 20 ml of chase medium containing 10 μM thymidine or the desired concentration of DNA damaging drug. Return the dishes to the incubator for the desired length of time.
 CRITICAL STEP It is important to perform Steps 5–10 as quickly as possible to prevent pH and temperature changes in the medium, which can affect replication rates.
Formaldehyde cross-linking and collection of cells ● TIMING 1 h
11) After EdU pulse and/or chase, decant the medium.
12) Immediately fix the cells on a dish by adding 10 ml of 1% (wt/vol) formaldehyde in PBS and incubating for 10 min at RT.
13) Quench cross-linking by adding 1 ml of 1.25 M glycine.
14) Collect the sample by scraping with a cell lifter and transfer it to a 50-ml conical tube. Note the volume. This is the same volume that should be used for PBS washes in Step 17.
15) Centrifuge for 5 min at 900g, 4 °C.
16) Decant the supernatant.
17) Wash pellets three times with 1× PBS and centrifuge for 5 min at 900g, 4 °C. PBS wash volume is same as fixation volume noted in Step 14. Vortex to resuspend pellets in PBS.
18) After the last wash, decant PBS.
PAUSE POINT The samples can be flash-frozen and stored at − 80 °C for several weeks.
Cell permeabilization ● TIMING 1 h
19) Resuspend the cells in permeabilization buffer at a concentration of 1 × 107 cells per ml.
20) Incubate the cells at RT for 30 min. During incubation, thaw and prepare the reagents necessary for the click reaction cocktail (see Steps 28 and 29).
21) Spin down for 5 min at 900g, 4 °C.
22) Carefully decant the supernatant.
23) Wash the cells once with cold 0.5% (wt/vol) BSA in PBS, using the same volume as used for permeabilization in Step 19.
 CRITICAL STEP BSA prevents the cell pellet from detaching from the wall of a 50-ml conical flask. A loose pellet will lead to the loss of cells in this step.
24) Centrifuge the cells for 5 min at 900g, 4 °C, and then decant the supernatant.
? TROUBLESHOOTING
25) Wash the cells once with PBS using the same volume as used for permeabilization in Step 19.
26) Spin down for 5 min at 900g, 4 °C.
27) Decant the supernatant and place the pellets on ice while completing the preparation for the click reaction cocktail.
Click reaction ● TIMING 2 h
28) Thaw an aliquot of stock biotin azide by placing it on a 37 °C heat block.
 CRITICAL STEP If you are using photocleavable biotin azide, keep the reagent protected from light and prepare the click reaction cocktail in the dark.
29) To calculate click reaction cocktail volumes, Table 1 lists the amounts of each reagent needed per reaction with an example sample size of 1 × 108 cells. The actual volumes should be adjusted on the basis of the cell number measured per sample (Step 3). Note that two click reaction cocktails need to be prepared: one for the control, which contains DMSO,and one for the experimental samples, which contains the biotin azide.
Table 1) Click reaction cocktails for a sample with 1 x 108 cells.
	Reagent
	Stock
	Final
	Control reaction volume (ml)
	Experimental reaction volume (ml)

	PBS, 1×
	
	
	4.35
	4.35

	DMSO
	
	
	0.05
	

	Biotin azide
	1 mM
	10 μM
	
	0.05

	Sodium ascorbate
	100 mM
	10 mM
	0.5
	0.5

	CuSO4
	100 mM
	2 mM
	0.1
	0.1

	Total volume
	
	
	5.0
	5.0


	Adjust volumes proportionally for actual cell numbers.



30) Combine the click reaction cocktail reagents on ice in the order listed in Table 1.
31) Resuspend the cell pellets from Step 27 in the click reaction cocktail from Step 30 by vortexing.
32) Rotate the reactions at RT for 1–2 h.
33) Centrifuge the samples for 5 min at 900g, 4 °C, and decant the supernatants.
34) Wash the cells once with cold 0.5% (wt/vol) BSA in PBS, using the same volume as used in click reaction for one sample.
35) Centrifuge for 5 min at 900g, 4 °C and decant supernatant.
36) Wash the cells once with PBS, using the same volume as used in click reaction for one sample.
37) Decant the PBS and invert the tubes on a paper towel to remove all PBS.
 PAUSE POINT The samples can be flash-frozen and stored at − 80 °C for a few days.
Cell lysis and sonication ● TIMING 1 h
38) Prepare the lysis buffer by adding aprotinin and leupeptin before use (see REAGENT SETUP) and place on ice.
39) Resuspend the samples from Step 37 at a concentration of 1.5 × 107 cells per 100 μl of lysis buffer and transfer them to 1.5-ml centrifuge tubes on ice. 
40) Sonicate the cells by using a microtip sonicator and the following settings: pulse: 20 s constant pulse, 40 s pause; power: 13–16 Watts; repeat pulse 1× for every 200 μl of cell lysate; total pulse time: 4–5 min per sample.
CRITICAL STEP Lysates should appear translucent after sonication and not cloudy. Cloudiness is an indicator of an improper ratio of SDS to protein in the lysate or of insufficient sonication. Keep the samples on an ice slurry during sonication to prevent overheating.
? TROUBLESHOOT OOTING
41) Centrifuge the samples for 10 min at 16,100g, RT in a tabletop centrifuge.
 CRITICAL STEP Lysate should appear clear after centrifugation. The presence of a white precipitate or a white film on top of the lysate is indicative of insufficient clearing of the lysate.
42) Filter the supernatant through a 90-μm nylon mesh into a new tube. Place the tube on ice.
43) Note the lysate volume.
44) To examine DNA fragment size at this step, see Box 2 for cross-link reversal and DNA analysis.
45) Dilute the lysate 1:1 (vol/vol) with cold PBS containing 1 μg ml  of aprotinin and leupeptin.
 CRITICAL STEP Samples have been diluted to contain 0.5% (wt/vol) SDS and 25 mM Tris because less efficient biotin capture is observed in lysates containing 1% (wt/vol) SDS.
46) Note the final capture volume.
47) Remove 15 μl of the lysate to save as the input sample for use in Step 68 and place it on ice. Immediately add 15 μl of 2× SB to this input sample and store at − 80 °C. The remaining lysate is used for the streptavidin capture, which is described below.
Streptavidin capture of biotin-tagged nascent DNA and associated proteins ● TIMING 1-2 h
48) To capture biotin-tagged nascent DNA, each sample from Step 47 is incubated with streptavidin MyOne C1  beads using 100ul for every 10 x 107 cells. First, gently vortex the vial of dynabeads for 30 sec.
49) Pipette the required volume of beads. Note the volume. 
50) Resuspend the beads for all samples together in a total volume of 1ml lysis buffer containing aprotinin and leupeptin.
51) Place the tube with the beads on the magnetic stand. Allow the beads to separate to the side of the tube.
52) Gently aspirate off the supernatant.  
 CRITICAL STEP Beads should be allowed sufficient time to separate (approx. 2 minutes). Be careful not to generate bubbles while resuspending as some beads may be lost while aspirating the supernatant.  
53) Wash the beads again with 1ml of lysis buffer containing aprotinin and leupeptin.
54) Separate the beads on the magnetic stand and carefully aspirate the supernatant.
55) Wash the beads once with 1ml of PBS containing aprotinin and leupeptin; carefully aspirate the supernatant.
56) Resuspend the beads in volume from Step 49 with PBS containing protease inhibitors.
57) Add an equal volume of beads to each sample from Step 47.
58) Rotate the biotin captures at room temperature for 1 h (in the dark if photocleavable biotin azide is used).
59) Separate the dynabeads with the captured DNA and associated proteins for 2min using the magnetic stand.
60) Very slowly and carefully aspirate the supernatant.
 CRITICAL STEP The supernatant should be light blue/clear with no precipitate.
? TROUBLESHOOTING
61) Resuspend in 1 ml of lysis buffer (no additives needed) to wash the beads.
62) Rotate at RT for 5 min.
63) Separate the beads using the magnetic stand and aspirate the supernatant.
64) Repeat steps 61-63 once each with Low salt wash buffer, High salt wash buffer and LiCl salt wash buffer.
65) Repeat lysis buffer washes 2 more times.
Elution of proteins bound to nascent DNA ● TIMING 1–4 h
66) After the last wash in Step 63, aspirate all of the supernatant. Protein-DNA complexes isolated on the beads are called the capture sample.
[bookmark: _GoBack]67) To elute proteins bound to nascent DNA, add 50ul of iPOND elution buffer (2X Sample buffer).
68) Incubate the capture sample from Step 67 and the input sample from Step 47 for 30 min at 95 °C to reverse cross-links (At intervals of ten minutes of boiling, centrifuge the tube at 1000rpm for 1 min and place the tubes back in the heat block for boiling.)
 CRITICAL STEP Typically, both the input and iPOND-purified capture samples should be examined concurrently.  
69) Centrifuge the boiled samples for 1 min at 1,000 rpm, RT. 
70) Place the tubes on the magnetic stand. Collect the supernatant. The supernatant is the ‘eluted capture’ sample and is ready to use in standard SDS-PAGE and immunoblotting procedures. Typically, loading captures equivalent to ~8 x 107 cells allows for detection of histones. 





iPOND Checklist
EdU labeling, Formaldehyde crosslinking and collection			Notes:	
	
	10mM EdU
	

	
	100mM Thymidine
	

	
	Chase Medium O/N
	

	
	1X PBS
	

	
	1.25M Glycine
	

	
	37% Formaldehyde
	



Cells/experimental sample= 
Cell permeabilization
	
	Permeabilization buffer
	

	
	0.5% BSA in PBS
	

	
	1X PBS
	



	
	No Click
	
	Click
	

	1XPBS
	
	
	
	

	DMSO
	
	
	
	

	1mM B. azide
	
	
	
	

	100mM Na. ascorbate
	
	
	
	

	100mM CuSO4
	
	
	
	

	Total
	
	
	
	


Click Reaction			
Refer table.
Prepare fresh sodium ascorbate (20 mg/ml)
Cell lysis and sonication
	
	Lysis buffer w/ A+L
	

	
	Cold PBS w/ A+L
	

	
	Bead slurry
	

	
	Capture Volume
	

	
	2X SB for capture
	


							Notes:	

									


