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50x TAE Stock Solution

For one liter of 50x TAE Buffer use:
· 242g Tris-base
· 57.1 mL acetic acid
· 100 mL 0.5M Na2EDTA (pH 8.0)
· H2O up to 1000 mL


1x TAE Gel Running Buffer

For 10 L:
· 200 mL 50x TAE
· 500 microliters ethidium bromide at 10mg/mL
· 9.8 L of dH2O

* 1% ethidium bromide has a concentration of 10 mg/mL
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Recipe for M9 solution
“A practical approach”
	Reagents:
	1 L
	2 L

	NaCl
	5 g
	10 g

	                KH2 PO4
	3 g
	6 g

	Na2HPO4
	6 g
	12 g

	1 M MgSO4 
**Add after autoclaving
	1 ml
	2 ml



Method:
1. Mix a small amount of distilled water, NaCl, KH2 PO4 and Na2HPO4, in a measuring glass jar. Stir the mix with the help of stir bar (Be careful with the speed of the magnetic stir bar). Transfer the mix into bottles of your choice for autoclaving. Close the lids but not too tight so as to let the air out it. Put the auto clave tape on top of it.
 
2. Autoclave

3. Add MgSO4 according to the amount of the reagents and water used.
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· Prepare 1L 0.05M K2HPO4 by adding distilled H2O to 8.71g K2HPO4. 
· Prepare 1L 0.05M KH2PO4 by adding distilled H2O to 6.845g KH2PO4.
· Combine 129mL of 0.05M K2HPO4, 871mL 0.05M KH2PO4 and 5.85g NaCl.
· Autoclave.
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· Add 30% glycerol by volume to a volume of S-buffer.
· Autoclave.
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Materials
The filter funnels, dust covers and receiver bottles are manu- factured from virgin, heavy metal free polystyrene. The tubing adapters, filter adapters, and the plug seal caps are made from heavy metal free polyethylene. Corning filter systems are available in a choice of polyethersulfone, cellulose acetate, cellulose nitrate or nylon membranes. All units are sterilized by gamma irradiation.
Performance
The filter units contain membranes integrally sealed to a support grid designed to maximize flow and reduce foaming and protein denaturation.
	Pore Size (um)
	Membrane Material
	Characteristics

	0.22
	Polyethersulfone
	Very low protein binding and low extractables, fastest flow rate

	0.22 or 0.45
	Cellulose acetate
	Low protein binding

	0.22
	Cellulose nitrate
	General use—for sterilization and clarification of aqueous solutions

	0.2
	Nylon
	Very low extractables—does not contain any surfactants, detergents, or wetting agents



All four membranes are compatible with most aqueous solutions and tested for use in cell culture applications. 

Directions for Use – Filter Systems
1. Carefully remove the filter unit, tubing adapter and individually wrapped sterile cap from the bag. 
2. Check the filter unit for loosening of the receiver/storage bottle from the filter adapter during shipping. Hand tighten if necessary. 
3. Attach the vacuum port to a regulated vacuum source. The universal tubing adapter provided with each system will fit most vacuum hoses. If a water aspirator is used as the vacuum source, it is recommended that a check valve or in-line catch flask be used to prevent water from accidentally being drawn into the receiving bottle. 
4. Place the filter unit upright and provide a suitable support to prevent tipping during use. 
5. Certain solutions having a high particle load may require prior centrifugation or pre-filtration to prevent premature filter clogging. 
6. Remove the dust cover and carefully add the solution to be filtered to the funnel by pouring or pipetting. Apply vacuum and filter until funnel is empty or the receiver/storage bottle is full. An operations pressure differential of 5 to 10 PSIG is recommended to prevent premature membrane clogging and excessive foaming.  WARNING: Eye protection is strongly recommended when- ever glass or plastic vessels are used under partial vacuum to guard against possible implosion injuries. 
7. Upon completion of filtration, disconnect the filter unit from the vacuum source. The receiver bottle can be removed from the filter unit by unscrewing it from the filter adapter. The contents can then be easily removed by pipetting or pouring. The receiver bottle can also be used as a storage container using the individually wrapped, sterile, plug seal cap. 
8. When the solution particle load is light and the filter throughput is greater than the capacity of the receiving bottle, the sterile filtrate can be poured or pipetted into an appropriate secondary container. Then, the receiving bottle can be reattached to the filter unit for additional filtering. Careful aseptic technique must be used to maintain the sterility of the receiving bottle and down- stream side of the filter holder. A more reliable alternative is to use additional sterile storage bottles in either 150 mL, 250 mL, 500 mL or 1000 mL sizes and replace full receiver/storage bottles.  WARNING: Plastic roller bottles or other vessels not specifi- cally designed for vacuum applications must not be used as a substitute for receiver/storage bottles due to the danger of implosion. 

Directions for Use – Bottle Top Filters
1. Carefully remove the filter unit from the packaging and screw onto a sterile bottle.
2. The filters with 45 mm adapters are specifically designed to be used with Corning PYREX® media bottles of 2 liter capacity or less. Similar PYREXPLUS® bottles with transparent auto- clavable plastic coating are recommended for increased safety during use under vacuum.
3. The filters with 33 mm adapters are designed to fit standard glass media bottles no larger than 500 mL. Corning Life Sciences makes no representation concerning suitability or safety with these or other bottles.
WARNING: Use of the filter on glass or plastic bottles which can implode may cause personal injury. Do not use for vacuum applications if: bottle is not designed to withstand vacuum; bot- tle is scratched, checked or cracked; bottle is clamped in such a way to induce stress; or if bottle is being held. Use safety equip- ment including eye protection with glass or plastic bottles and follow good laboratory practices. Eye protection is strongly recommended to guard against personal injury from implosion whenever any glass or plastic vessels are used in vacuum applications.
4. Certain solutions having a high particle load may require prior centrifugation or prefiltration to prevent premature filter clogging.
5. Remove the dust cover and carefully add the solution to be fil- tered to the funnel by pouring or pipetting. Apply vacuum and filter until funnel is empty or the receiver storage bottle is full. An operations pressure differential of 5 to 10 PSIG is recom- mended to prevent premature membrane clogging and excessive foaming.
6. Upon completion of filtration, turn off the vacuum source prior to disconnecting the filter unit. If a water aspirator is being used as the vacuum source, disconnect from the vacuum line prior to turning off the water to prevent water from being sucked back into the filter unit.

For additional product or technical information, please visit www.corning.com/lifesciences or call 800.492.1110. Customers outside the United States, call +1.978.442.2200.
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NGM Plate Protocol:
“A practical approach”
	Reagents:
	1 L
	4 L

	NaCl
	3 g
	12 g

	Agar
	17 g
	68 g

	Bacto-Peptone
	2.5 g
	10 g

	1 M CaCl2
	1 ml
	4 ml

	5mg/ml cholesterol
	1 ml
	4 ml

	1 M MgSO4
	1 ml
	4 ml

	1 M KPO4
	25 ml
	100 ml

	Distilled Water
	975 ml
	3900 ml



Method:
1. Mix a small amount of distilled water, NaCl, Agar, and Bacto-Peptone (mix this in slowly so that it will not resist going into solution) in an appropriate Erlenmeyer Flask.  Finish adding Distilled Water.  Mix Well.  Cover the mouth of the flask with Aluminum Foil and seal loosely with autoclave tape. 

2. Autoclave
*Note: The stirbar can and should be left within the media while you autoclave it.  Additionally, autoclave the piping for the pump as well so that it is sterile when you go to pour your plates. The cholesterol solution should never be autoclaved, only filter sterilized with a filter compatible with ethanol (CA or NY).

3. Add 1 M CaCl2, 5 mg/mL cholesterol, 1 M MgSO4, and 1 M KPO4 buffer.  Mix well.

4. Part out the NGM solution into Petri plates until each plate is 2/3 full of NGM solution.
*Note: In our lab, we’ve found that ~45ml of solution is a good amount for a standard petri dish and 10 mL for smaller plates. 4 L requires about 340 smaller plates (17 sleeves).

5. Leave the plates at room temperature for 2 days before use.  This allows contaminants to be detected and excess moisture to evaporate.  Store plates in an airtight container.
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LB Medium (Luria-Bertani Medium)

	Reagents
	0.5L
	1L
	2L

	H2O
	475 mL
	950 mL
	1900 mL

	Bacto-tryptone
	5 g
	10 g
	20g

	Bacto-yeast extract
	2.5 g
	5 g
	10g

	NaCl
	5 g
	10 g
	20g

	H2O
	
	
	

	** Agar
	7.5 g
	15 g
	30g



1. Add 950 mL of H2O to an appropriate container for autoclaving.
2. Add other ingredients slowly while stirring with a stir bar.
3. Add enough water to complete the media volume.
4. Autoclave for 20 min. at 15lb/sq. in. on liquid cycle.


**Only add agar if you are making LB agar plates

Amp (relaxed plasmids) 60 micrograms/mL [final con.]
Kan (relaxed plasmids) 50 micrograms/mL [final con.]

Arabinose plates 0.2% [final con] Stock: L-Arabinose (20%, w/v) in water filter-sterilize with a 0.22 μm filter
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Enriched Media Plate Protocol:
“A practical approach”
	Reagents:
	1 L
	4 L

	NaCl
	1.2 g
	4.8 g

	Agar
	25 g
	100 g

	Bacto-Peptone
	20 g
	80 g

	5mg/ml cholesterol
	1 ml
	4 ml

	1 M MgSO4
	1 ml
	4 ml

	1 M KPO4
	25 ml
	100 ml

	Distilled Water
	975 ml
	3900 ml



Method:
1. Mix distilled water, NaCl, Agar, and Bacto-Peptone (mix this in slowly so that it will not resist going into solution) in an appropriate Erlenmeyer Flask.  Finish adding Distilled Water.  Mix Well.  Cover the mouth of the flask with Aluminum Foil and seal loosely with autoclave tape. 

2. Autoclave
*Note: The stirbar can and should be left within the media while you autoclave it.  Additionally, autoclave the piping for the pump as well so that it is sterile when you go to part out your plates.

3. Add cholesterol, 1 M MgSO4, and 1 M KPO4 buffer.  Mix well.
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Buffers:

	Fix: 1.5% Formaledhyde (FA) in PBS
	Glycine stop: 0.125 M Glycine in PBS

	Cell Collection:	Tis HCl 100 mM pH=9.4
				DTT 10 mM
				Protease inhibitors

	Nucleus/Chromatin Preparation (NCP)
		Buffer I:	EDTA 10 mM		Buffer II:	EDTA	1 mM
				EGTA 0.5 mM				EGTA 0.5 mM
				Hepes 10 mM pH=6.5 		Hepes 10 mM
pH=6.5
				Triton X-100 0.25%			NaCl 200 mM

Lysis Buffer:		EDTA 10 mM
				Tris-HCl pH=8.1
				0.5% Empigen BB
				SDS 1%

IP Buffer:		EDTA 2 mM
				NaCl 150 mM
				Tris-HCl 20 mM pH=8.1
				Triton X-100 1%
				Protease inhibitors

Washings:
!! Adjust the Salt concentration and detergents of Buffer I and II, depending on your Ab (determined in IPs). Given are conditions for HC20 or H184 or H222 Ab. 

	Buffer I:	EDTA 2 mM			Buffer II:	EDTA 2 mM
			Tris-HCl 20 mM pH=8.1			Tris-HCl 20mM pH=8.1
			SDS 0.1%					SDS 0.1%
			Triton X-100 1%				Triton X-100 1%
			NaCl 150 mM					NaCl 500 mM

	Buffer III:	Tris-HCl 10 mM pH=8.1	Buffer IV: 	Tris-HCl 10 mM pH=8.1
			EDTA 1 mM					EDTA 1 mM
			LiCl 250 mM
			Deoxycholate 1%
			NP-40 1%

Extraction Buffer:	SDS 1%
				NaHCO3 0.1M
5x Prot K Buffer:	Tris-HCl 150 mM pH=7.5
				EDTA 25 mM
				SDS 1.25%

	Re-ChIP Buffer:	Tris-HCl 20 mM pH=8.1
				EDTA 2 mM
				NaCl 150 mM
				Triton X-100 1%

Beads Preparation:

	Buffers:
		Beads Buffer:	Tris-HCl 10 mM pH=8.1
				EDTA 1 mM

Prepare a 50% Protein A/G Sepharose Beads slurry. Let stand 30 min at 4C (in ice) with gentle homogenization some times. Wash 3 times with PBS and resuspend in Beads Buffer. 

Chip Procedure:

Volumes are given for 10x106 MCF7 Cells. 

1. Wash cells twice with PBS. Fix the cells with 2 mL 1.5% FA for 15 min at room temperature. 
2. Stop cross-link. (2 alternative protocols, with similar results)
a. Wash the cells twice with 5 mL cold PBS.  Collect the cells in 150 ul cold cell collection buffer. Chill on ice for 10 min, and 15 mins at 30C. 
b.  Add 5 mL 0.125 M Glycine. Incubate 5 minutes. Wash the cells twice with 5 mL cold PBS. Collect the cells in 150 ul cold cell collection buffer.
3. Preparation of cell nuclei/chromatin fragmentation by SDS derived method. 
a. Spin cells 5 min at 2000x g
b. Washings/Resuspend:		
i. 1 mL of cold PBS
ii. 1 mL of NCP Buffer I	Wash/Spin 2000xg 5 min at 4C
iii. 1 mL of NCP Buffer II	Flick tubes, do not vortex
c. Lysis: Resuspend in 150 ul of Lysis Buffer
i. Incubate at room temperature for 10 mins
ii. Sonicate 3 times 10 seconds at power 3. 	(at room temperature for SDS)
Sonicate each sample once, then perform additional rounds. Avoid foaming. Spin 10 min at 10000 x g. 

Remark:  the sonication step has to be set up in your home labs. These are the conditions used with a Sonifier Cell Disruptor. 

4. Remove supernatant to a fresh tube (approx. 150ul). Retain 25 ul in an additional tube for your input sample. Incubate the input sample at 65C overnight to reverse the cross-linking. Make a hole in the lid of the eppendorf using a needle. Helps evaporating formaldehyde. 
a. Next day: Isolate input DNA using the Qiagen PCR purification kit as follows
i. Add 100 ul ddH2O, then 500ul of PB buffer. Let stand for 10 minutes, then proceed to the Qiagen column purification, elute with 50 ul of elution buffer prewarmed to 50C. 
5. Add 300ul of the IP Buffer to the remaining 125 ul of the lysis suspension. 
6. Preclearing: 
a. Add:
2ug of DNA carrier (heat denatured salmon sperm DNA)
10 ul of Preimmune serum (rabbit or goat; use pre-immune serum appropriate to the antibody that will be used in the ChIP).
40ul of the 50% Protein A/G-Sepharose beads slurry. 
b. Incubate 2-3 hours at 4C with rocking
7. Pellet the unspecific complexes by centrifugation at 800 x g for 1 min at 4C
Divide pre-cleared supernatant into four new tubes. The antibodies used in the course will be anti-ER (HC-20), polymerase II, TATA box binding protein (TBP), and a non-specific control antibody, in this case anti-HA antibody. 

8. IP: 
a. Add: 100ul of IP buffer followed by 1 ug of specific or non-specific antibody to supernatant, then incubate with rocking for 4 h to overnight at 4C. 
b. Add: 2 ug of DNA carrier (ssDNA or ctDNA)
40 ul of the 50% protein A/G-speharose beads slurry.
Also, use beads appropriate to antibody. 
c. Incubate 2-3 hours at 4C  under rocking. 
9. Pellet the specific complexes by centrifugation at 800 x g for 1 min at 4C. 
10. Remove the supernatant. 
a. Normal ChIPs. Wash the pellet, never vortex, resuspend by flicking. Washing conditions are antibody dependent, comprehensive list is shown below:
i. 300 ul Washing Buffer I
ii. 300 ul Washing Buffer II
iii. 300 ul Washing Buffer III 	(Wash/Spin 800 x g for 1 min at 4C)
iv. 300 ul Washing Buffer IV 		3 times
b. Re-Chip washings and extraction (extension to the protocol, shown here for information only)
i. 300 ul Washing Buffer I
ii. 300 ul Washing Buffer II 2 times	(Wash/Spin 800 x g for 1 min at 4 C)
iii. Extract twice the specific DNA/protein complexes by adding 25 ul of the 10 mM DTT and incubating for 20 min at 37C  vortexing every 5 in. Pool the supernatants and dilute 20 times with Re-ChIP Buffer. 
iv. Re-ChIP: perform protocol from step 6 or 8 again (depends if new Ab is from different speices). 
11. Extraction: 
a. Extract the specific DNA/protein complexes 3 times by adding 50 ul of  Extraction Buffer to the beads pellet each time. 10 min standing, voertexting, and centrifugation at 800 x g for 5 min at 4C. 
b. Reverse the cross-linking at 65C overnight as above (Step 4). 
12.  DNA Preparation: 2 alternative protocols
a. Qiaquick columns Qiagen. 
i. Incubate the 150 ul overnight at 65C. 
ii. Isolate input DNA using the Qiagen PCR purification kit as follows: 
Add 100 ul ddH20, the 500ul of PB buffer, let stand for 10 minutes then proceed to the Qiagen column purification, elute with 50 ul of elution buffer pre-warmed to 50C.
b. Phelol/Chloroform protocol (shown for information only)
i. To the 150 ul of extract, ad 10 ug RNAse A and NaCl to a final concentration of 0.3M (6 ul 5M). Incubate at 65C for 4-5h. 
ii. Precipitate with 2.5 vol EtOH (0.375 mL)
iii. Dissolve pellets in 100 ul TE. 
iv. Add: 
1. 25 ul 5x Prot K Buffer
2. 1.5 ul Prot K
v. Incubate 2.5 hr at 45C. 
vi. Add 175 ul, extract with 300 ul phenol/chloroform/isoamylalcohol and again with 300 uL chloroform. Precipitate with glycogen. Resuspend in 50 ul TE. 
13. Analysis: 
a. From the 50 ul of purified DNA, take 5 ul of inputs or samples respectively and perform PCR. 


PCR Protocol:

Total volume 25 ul

5 ul		template
2.5 ul		10x PCR buffer
0.25 ul 		dNTPs
0.075 ul	forward primer (100 pmol/ul)
0.075 ul	reverse primer (100 pmol/ul)
16.85 ul	ddH2O
0.25 ul		Taq polymerase

Denature at 94C for 2 minutes, followed by 30 cycles of denaturation at 91C for 30 seconds, annealing at 50C for 30 seconds then extension at 72C for 30 seconds, polish product by incubation at 72C for two minutes. Use sample buffer without bromophenolblue as this can occlude the PCR product band. 
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Fire Lab
Revised June 5, 2008
commentary in italics by Steve Johnson

Basic protocol to isolate mononucleosome DNA core fragments used in:

[bookmark: OLE_LINK5]Valouev, A., Ichikawa, J., Tonthat, T., Stuart, J., Ranade, S., Peckham, H., Zeng, K., Malek, J.A., Costa, G., McKernan, K., Sidow, A., Fire, A., and Johnson, S.M. (2008) A high-resolution, nucleosome position map of C. elegans reveals a lack of universal sequence-dictated positioning. Genome Res., (Published online before print May 13, 2008)

Johnson, S.M., Tan, F.J., McCullough, H.L., Riordan D.P., and Fire, A.Z. (2006) Flexibility and constraint in the nucleosome core landscape of Caenorhabditis elegans chromatin. Genome Res., 16, 1505-1516

Special Enzymes and Reagents:
	MNase (Roche, Nuclease S7, Item # 10107921001, 15,000 units per vial)
Spermidine (Sigma, Item # S0266)
Spermine tetrahydrochloride (Sigma, Item # S1141)
Sodium bisulfite (Sigma, Item # S9000)
Proteinase K (Roche, Item # 03115879001)
	RNase A (Fermentas, Item # EN0531)
	QIAquick Gel Extraction Kit (Qiagen, Cat. # 28706)

Protocol:

1. [bookmark: OLE_LINK3][bookmark: OLE_LINK1]Freeze worms/cells into pellets in 0.34 M sucrose/Buffer A* (15 mM Tris-HCl pH 7.4, 15 mM NaCl, 1 mM DTT, 60 mM KCl, 0.5 mM spermidine, 0.15 mM spermine, 25 mM bisulfite) using liquid N2.

[bookmark: OLE_LINK2]I fill a 50ml conical vial with liquid N2 and using a P200 let single drops fall into the vial stopping occasionally to dislodge pellets stuck to the side of the vial or stuck together using a cold spatula.  I store the pellets in the 50ml conical after the liquid N2 has evaporated off in the -80oC freezer.

*An additional note: the Buffer A solution may need to be re-pH'ed to neutrality after adding bisulfite, and in the Fire lab we are still experimenting with different salt and buffer conditions to see if we can get more precise laddering.

2. Grind pellets in Liquid N2 in mortar and pestle. 
a. Take out MNase and proteinase K to thaw on ice and turn on water bath set to 65o C.

Using a small mortar and pestle, I fill the mortar with liquid N2 and then place the pestle in the mortar to cool off.  I then remove the pestle setting it to the side and add the desired number of frozen pellets into the mortar and grind them by first gently tapping to break them into smaller pieces (especially while the liquid N2 is "bubbling"), followed by more complete grinding as the liquid N2 fully evaporates.  I grind for several minutes until the sample is a fine powder, continually adding liquid N2 as needed to make sure the sample is always completely frozen.  After grinding I carefully move the now powdered sample to a pre-chilled microcentrifuge tube (sitting in dry ice) using a pre-chilled metal spatula, adding liquid N2, grinding and scraping the sides of the mortar and the grinding face of the pestle with the spatula as needed in order to recover and transfer as much of the sample as possible. 

3. Thaw sample on ice.  Steps 3 through 6 should all be done on wet ice.

I transfer the tube containing the powdered sample to wet ice and allow it to "thaw" to ~4oC.  Using a P1000, I both measure and transfer the now liquid sample to a new pre-chilled microcentrifuge tube.

4. Add Ca2+ to 1 mM final concentration.

I use a 100 mM CaCl2 stock and add 1/100th of the total volume.

5. Place 200 uL of material into each tube.

I make sure the sample is thoroughly mixed by vigorous finger vortexing, and then aliquot into pre-chilled tubes.  When presented with less material I have scaled down my volumes from 200 ul to as low as 25 ul per sample (more frequently 100 ul or 50 ul) with proportionally reduced amounts of MNase (step 6) and worm lysis buffer (step 7) with good success.  When scaling down I restore the missing volume after stopping the reaction in step 7 by adding the missing volume's worth of both 0.34 M sucrose/Buffer A and worm lysis buffer (for a final volume of 400 ul) and then proceeding with the protocol as outlined.

6. Add MNase according to the desired conditions.

I digest with several concentrations of MNase:  0, 100, 500, 2500 and 5000 units to find the optimal digestion conditions for the sample (usually 2500 or 5000 units for mononucleosomal material).  The MNase is from a concentrated stock of MNase (300units/ul) that I have made by resuspending the lyophilized MNase (Roche, Nuclease S7, item #10 107 921 001, 15,000 units per vial) in 1 x NEBuffer 1 and 1 x BSA.  I make small aliquots of the MNase (5, 10 and 20 ul per tube) and freeze them at -80 oC so I only thaw a tube once (on ice) when I use it.  Refreezing and rethawing can make the digestions vary considerably and hard to reproduce.  I allow the MNase digestions to go for 12 min at 16oC before stopping.

7. Stop MNase reaction with 200 uL of worm lysis buffer (0.1 M Tris-Hcl pH 8.5, 0.1 M NaCl, 50 mM EDTA, 1% SDS).

8. Add 20 uL of 20 mg/mL of proteinase K (Roche Item # 03115879001) in TE pH 7.4 and incubate at 65o C for 45 minutes, vortexing 4-5 times throughout the incubation.

The remainder of the protocol is simply a phenol, phenol/chloroform, chloroform extraction, and an RNase treatment followed by another extraction.

9. Extract with 500 uL of phenol.  Spin 5 minutes at 13,000g.
10. Extract with 500 uL of phenol/chloroform.  Spin 2 minutes at 13,000g.
11. Extract with 500 uL of chloroform.  Spin 2 minutes at 13,000g.
12. Add 40 uL saturated NH4Ac to prep.
13. Add EtOH to fill tube.  Spin 9 minutes at 13,000g.
14. Wash pellet in 500 uL EtOH, mix gently and spin 5 minutes at full speed.
15. Resuspend in 100 uL TE.
16. Proceed with Rnase treatment
a. [bookmark: OLE_LINK4]Add 1 uL of 500 ng/uL RNase A (Fermentas)
b. Incubate at 37o C for 2 hours.
c. Add 2 uL of glycogen.
d. Add 350 uL of (1M NH4OAc, 10 mM EDTA, 0.2% SDS).
e. Extract with 400 uL of phenol/chloroform.  Spin 6 minutes at 13,000g.
f. Extract with 400 uL of chloroform.  Spin 6 minutes at 13,000g.
g. Add 1 mL of EtOH. Spin 9 minutes at 13,000g.
h. Resuspend in 50 uL TE

17.  Run 5 uL out on a 2% agarose 1 x TAE gel at 50V for 4 hours flanked by 100bp markers.

If one of the digestion conditions looks good, it can be scaled up (more reactions) to isolate more material, or the remaining 45 ul of material (or even the material on this analytical gel) might be enough to isolate sufficient mononulcoeomes core DNAs depending on what you hope to do.  I cut the desired band out of the gel and then extract the DNA from the gel chunk using the QIAquick Gel Extraction Kit from Qiagen (Cat. No. 28706).  It is critical to note that I follow the gel extraction protocol as described with the exception that I DO NOT HEAT the gel chunk in Buffer QG (step 3), but instead let it dissolve at room temperature.  HEATING WILL RESULT IN DENATURING OF YOUR NUCLEOSOME CORE DNA and you will now have single stranded product instead of double stranded.  100 ng of double stranded mononucleosomal core DNA is ~600 billion mononucleosome core DNA fragments.

Added 1/19/11

Here is the methods protocol for our most recent paper (Valouev et. al., 2011 Nature).  It is basically the same as above, but with less detail, but I thought I would include it.

Neutrophil granulocytes, CD4+ lymphocytes and CD8+ lymphocytes, flash frozen with liquid nitrogen in 0.34 M sucrose/Buffer A (15 mM Tris-HCl at pH 7.4, 15 mM NaCl, 1mM DTT, 60 mM KCl, 0.5 mM spermidine, 0.15 mM spermine, 25 mM bisulfite) and ground to a fine powder in liquid nitrogen using a mortar and pestle.  After thawing on ice, CaCl2 and micrococcal nuclease (Roche) resuspended at 300 U/ul were added for final concentrations of 1 mM and 25 U/ul respectively followed by incubation at 16oC for 12 minutes to liberate the mononucleosome cores.  The reaction was stopped by the addition of an equal volume of worm lysis buffer (0.1 M Tris-HCl at pH 8.5, 0.1 M NaCl, 50 mM EDTA, 1% SDS) and proteins were removed by treating with one-tenth volume proteinase K (20 mg/ml in TE at pH 7.4) for 45 minutes at 65 oC followed by phenol, phenol/chloroform and chloroform extractions and ethanol precipitation.  After RNase treatment and phenol/chloroform, chloroform extraction, separation of the micrococcal nuclease-digested DNA into mono-, di-, tri- and multi-nucleosome DNAs was done using a 2% UltraPure Agarose (Invitrogen) gel run at 100 V for 4 hours and DNA from the mononucleosome DNA band was extracted from the gel using the QIAquick Gel Extraction Kit (Qiagen) following the standard protocol with the exception of allowing the isolated gel sample to incubate in Buffer QG at room temperature until dissolved.  
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Reaction Dilution when you are performing your own cycle sequencing reactions
 
	
	 Reg. 1/4 
	 1/8 rxn 
	 1/16 rxn 

	Total Volume
	5
	10
	10

	BigDye
	2
	1
	0.5

	5X buffer
	0
	1.5
	1.75

	DNA
	2
	2
	2

	Primer
	1
	1
	1

	H2O
	0
	4.5
	4.75


Notes:
If DNA or primer is not concentrated enough, add more DNA and less water.
If you are submitting samples for a cycle sequencing reaction, we will need the following amounts of DNA and primer (a nanodrop measurement may not even get you in the ballpark. Running DNA on an agarose gel and comparing your sample to the DNA standard you run is more accurate):
	Primer
	3.2 pmoles

	Plasmid DNA
	300 ng

	DNA from PCR
	3 ng for products under 200 bp
10 ng for products under 500 bp
20 ng for products under 1,000 bp
40 ng for products under 2,000 bp


DNA sequencing works well for PCR amplified products and is usually more effective than sequencing from a plasmid. The PCR product needs to be purified to remove primers and dNTPs. Some of the different methods for purification include; PrepEase, Exo/SAP, Qiagen, and agarose gel purification. Once clean, one effective way to determine DNA concentration of your purified template is to run it on an agarose gel and compare your band intensity with that of a DNA molecular weight standard with known concentrations.
A submission example: if you are submitting a 500bp PCR product for cycle sequencing, please submit at least 4 microliters containing 3.3 ng/μl cleaned PCR product, and in this same volume of liquid, 1.1 pmole/μl primer. We will then take 3 μl of this mix to add to our cycle sequencing mix.


Processing samples on the 454 Life Sciences DNA Sequencer
If you are planning on submitting samples for Next generation sequencing on the Illumina HiSeq 2500, please contact Edward Wilcox (phone 422-3647; email DNASC@byu.edu). Library construction manuals can be found at www.illumina.com



GRIFFITTS LAB SEQUENCING (6/13/2014)

ExoSAP: Preparing PCR product for BigDye:
1. First check PCR products on gel to determine which need sequencing
2. On ice, combine 3.3 µl of rSAP with 1 µl of Exo I (scale up if necessary)
3. Add 1 µl of ExoSAP mixture to (15-20)-µl PCR, mix well
4. Program EXOSAP: 35C for 20 min, then 80C for 15 min, then 4C forever
5. Sample is ready for BigDye reaction

1/16 BigDye Sequencing Reaction (10 µl):
4.75 µl H2O
1.75 µl 5X buffer
0.5 µl BigDye
1 µl primer (pre-diluted 1/10 from 100 uM stock)
2 µl template DNA (cleaned up with Qiagen or exoSAP)
(combine first three or four ingredients into master mix prior to setting up individual reactions)

BigDye Cycling: 
Program “BD2”
1. 95°C, 10 sec
2. 95°C, 10 sec
3. 53°C, 10 sec
4. 60°C, 1 min 30 sec 
5. GOTO 2, 32 more times
6. 4°C, infinity

BigDye Reaction Clean-up:
1. Go to fridge and get the Sephadex slurry (see slurry prep below). Vortex beads briefly to suspend.
2. Clip tip, and add 400 µl of slurry to each (punctured*) spin filter.
3. Centrifuge for 1 min at 3800 rpm to form sloped resin bed. Be sure that puncture points inward.
4. Move spin filter to new tube.  
5. To the completed sequencing reaction, add 12 µl of ddH2O.
6. Move the entire ~20-µl volume to the sloped resin bed. Be careful to transfer the liquid to the center of the resin bed without disrupting the resin bed.
7. Centrifuge for 1 min at 3800 rpm.
8. Dry down the flowthrough from step 7 using speedvac. Submit for sequencing.

Sephadex G50 slurry prep:
Combine 2 g Sephadex G-50 fine powder with 30 ml of 0.1 mM EDTA
Allow to hydrate in fridge overnight, store up to 1 month in fridge.

Ordering information:
Exo I (NEB M0293S) rSAP (NEB M0371S)
Sephadex G-50 fine (20-80 µm diameter beads), 100 g. Sigma GE17-0042-01
Costar SpinX filters (0.45 µm cellulose acetate), 24 pack. Sigma CLS8162-24EA
BigDye is purchased from the BYU Sequencing Center

*SpinX filters fit very tightly into tubes, so they must be punctured in order for the system to ‘breathe.’ Puncture the filter about 5 mm above its base with a 26G needle. This makes a very narrow hole, but large enough to allow air displacement during spins. Situate the sloped resin bed so that it is opposite the hole.
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Covaris M220 Sonicator Intructions
Johnson Lab, July 2013
by Jordon Ritchie

· Turn on the computer (switch located on right front side of computer)
· Turn on the Machine (switch located in back of the machine in the lower left corner.
· Let Machine start up for at least a minute and then double click the Sonolab 7 icon.
· Select Method in the drop down box. New methods can be created. To edit an existing method you did not create you need administrator access. 
· After method is selected open safety cover and fill Acoustic Transducer (inside of the black part of the assembly) with AFA grade water until you can see the water touching the clear plastic where you will insert your sample. Water must be visible between the crosshairs where you will insert your sample. Requires about 15 ml. 
· Once the water is at the appropriate level, move the sliding weight up and to the right or left. Place your sample in the crosshairs. Replace the sliding weight and close the safety cover. 
· Under instrument status you should see three green check marks. If not adjust which ever step is not marked by a green check. (water temp adjusts automatically)   
· Be sure you have the right method and click the big green Run button. 
Clean up
· Once finished remove Tube Holder Insert from the Acoustic Transducer and set it on the drip tray. 
· Use plastic syringe in the drawer under the machine to remove water from Acoustic Transducer. DO NOT SCRATCH THE BOTTOM OR SIDES. 
· Use big cotton swabs also in drawer to gently remove any extra water that the syringe did not.
· Leave safety door open and allow everything to air dry. 
· Exit Sonolab software by clicking red X in upper right hand corner. Shut down the computer. After the computer has turned off, flip the power switch to the machine.  
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WORM DNA MINIPREP

1.	Add 450 L Of worm lysis buffer to a frozen 50 L Aliquot of worms.
		Worm Lysis Buffer
0.1 M TRIS pH 8.5
0.1 M NaCl
50 mM EDTA
1% SDS

2.	Add 20 L Of 20 mg/mL proteinase K in TE 7.4 (Boeringer Mannheim Biochemicals) to worms and vortex.

3.	Incubate at 62 C for 45 minutes. PVortex 4-5 times throughout the incubation.  The solution should clear as the worms disintegrate.

4.	Extract with 500 L of phenol.  The interphase is large and viscous at this stage.  This extraction has to be done carefully in order to avoid pulling up the interphase.

5.	Extract with 500 L of phenol chloroform.  Spin 6 minutes at 13,000 g.

6.	Extract with 500 L of chloroform.  Spin 6 minutes at 13,000 g.

7.	Add 40 L of saturated NH4Ac to prep.

8. 	Add EtOH to fill the tube (~1 mL), mix well, and spin at full speed for 5 minutes.

9.	EtOH wash pellet in 0.5 mL, mix gently, and spin at full speed.

10.	Allow the pellet to dry completely and resuspend it in 50 L of TE pH 7.4.

11.	Add 1 L of 500 ng/L RNase A.

12.	Incubate at 37 C for 2 hours.

13.	Add 2 L of glycogen.

14.	Add 350 L of (1 M NH4OAc, 10 mM EDTA, 0.2% SDS).

15.	Extract with 400 L of phenol/chloroform.  Spin 6 minutes at 13,000 g.

16.	Extract with 400 L of chloroform.  Spin 6 minutes at 13,000 g.

17.	Add 1 mL of EtOH. Spin 9 minutes at 13,000 g.

18. 	Resuspend in 50 L TE.
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Nucleosome Assembly from Purified DNA and Histone Octamer
Adapted from: Luger et al. Methods in Enzymology 304 (1999).
ASSEMBLY REACTION
(0.1-1 mL) see note b
· between 50 ng/ul and 1 ug/ul DNA fragment
· recombinant histone octamer in equimolar amounts to DNA (see note below)
· 20 mM Tris-HCl, pH 7.5
· 10 mM DTT
· mM EDTA
· M KCl or 5M NaCl
· 0.5 mM Benzamidine
Try [attachment:assemblycalc.xls this] excel spreadsheet that calculates assemblies for you.

BUFFERS
see note a
1. 20X Assembly reaction buffer
· 400 mM Tris-Hcl, pH 7.5
· 20 mM EDTA
2. High Salt Buffer (250 mL) see note c
· 10 mM Tris-HCl, pH 7.5
· M KCl
· mM EDTA
· 1 mM DTT
· 0.5 mM Benzamidine

3. Low Salt Buffer (1000 mL)
· same as high salt buffer except with 250 mM KCl.
4. TCS Buffer (1000 mL)
· 20 mM Tris-HCl, pH 7.5
· mM EDTA
· mM DTT
5. Glycerol Gradient buffer-10% (w/ NP40)
· 20 mM tris, pH 7.5,
· 1mM EDTA
· 10 % glycerol
· 0.1% NP40
Note: use Microcon-100 for concentration not Microcon-30BR Filter sterilize

6. Glycerol Gradient buffer-30% (w/ NP40) -same as 10 % glycerol gradient buffer except with 30% glycerol



PROTOCOL
1. Set up pump assembly in cold room as shown in figure and set flow rate at 205-210 L/min (its quite slow!).
2. Mix assembly reaction on ice. Can leave on ice for 30 min after mixing components while setting up the pump and buffers. Then transfer to 6-8 kDa dialysis tubing. (preboil membrane in MilliQ water for 5 min and store at 4C before use)
3. Put membrane in middle beaker containing high salt buffer and keep at 4 oC for ~ 60 hrs. (the standard procedure is to keep it for 36 hrs-can increase flow rate a bit to reduce time, but doing the dialysis faster than over 36 hrs can give precipitation of histones with DNA)
4. You can check conductivity of middle beaker every 5 hrs or so if you want to check on the dialysis. By 60 hrs, it should drop from 2M to 300 mM.
5. After conductivity has dropped to 300 mM salt or below, transfer the dialysis bag to pre-chilled TCS buffer for at least 2 hours (you can leave it overnight).
6. Check assembly on a 5% polyacrylamide 0.5X TBE gel. Load using glycerol containing buffer without any dye, Run bromophenol blue in a separate lane. Run till bromophenol blue is 3/4 th of the way down. Stain with ethidium bromide to visualize the nucleosomes and DNA.
7. Purify the assembled nucleosomes from free DNA over a 5 mL in polycarbonate tubes (Beckman Polyallomer No.326819, 1/2 x 2 in.) 10-30% glycerol gradient run at 4 oC at 35,000 rpm in a SW55 Ti rotor for 16-17 hours.
8. Collect 20-30 fractions using a butterfly needle to puncture the bottom of the centrifuge tube. Each fraction has 4-5 drops.
9. Run fractions on a 5% acrylamide, 0.5X TBE mini gel, stain with ethidium bromide and pool fractions that have the least DNA.
10. Concentrate pooled fractions to desired volume in the cold room using Microcon 100 (see note d). Store at 4oC.
NOTES
a) Add DTT and benzamidine just before use.
b) if histone octamer concentration is determined by Bradford, it is an overestimate due to background signal from the benzamidine. To more accurately determine octamer concentration compare to BSA standards on a gel after SYPRO red staining. If concentration has been determined using Bradford, use an empirically derived ratio of octamer to DNA.
c) If you increase the volume of high salt buffer, increase the volume of low salt buffer and the flow rate proportionately.
d) The newest change to this protocol (as written above) includes NP40 in the gradient buffer. It is extremely important to use Microcon 100 (not 30) to concentrate your samples. Otherwise the NP40 will concentrate and its concentration will greatly increase with your nucleosomes and may prevent you from using these nucleosomes in any assays where final [NP40] needs to be < 0.1%.


Nucleosome Assembly (last edited 2007-11-05 19:06:30 by narlikarlab)
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Bacterial expression and purification of Xenopus histones
Adapted from: Luger et al. Methods in Enzymology 304 (1999).
REAGENTS AND MATERIALS
1. Competent BL21 (DE3) pLysS cells
2. LB agar plates with 0.1 mg/ml Ampicillin and 0.025 mg/ml Chloramphenicol (LB-AC)
3. LB media
4. 2X TY-media with 0.1 mg/ml Ampicillin and 0.025 mg/ml Chloramphenicol (2X TY-AC)
5. Sephacryl S-200 (2.6/60) column
6. 6-8 KDa cutoff dialysis membranes (Boil in 1L milliQ water for 5 min and cool to room temperature.)
7. Wash Buffer
· 50 mM Tris-Hcl, pH 7.5; 100 mM NaCl; 1 mM EDTA;  1 mM Benzamidine (add just before use)
8. TW buffer
· Wash buffer with 1% (v/v) TritonX-100
9. SAU-1000 buffer (2 L)
· 7 M freshly de-ionized urea (use Biorad AG501-X8 mixed bed resin 5g/100ml of 9M urea stock, stir for 1 hr); 20 mM Sodium acetate, pH 5.2; 1M NaCl; 5 mM 2-mercaptoethanol; 1 mM EDTA
10. Unfolding Buffer
· 7 M Guanidine hydrochloride; 20 mM Tris-HCl, pH 7.5; 10 mM DTT (add just before use)
PROTOCOL
1. Transform BL21 (DE3) pLysS Cells with 0.1 to 1 ug of the PET-based histone expression plasmid. Its important to use pLysS cells to reduce leaky expression of histones, which is toxic to the cells. Plate on LB-AC plates.
2. Next evening start 3 overnight mini-cultures per histone (just innoculated culture and 2 serial dilutions of just-innoculated culture, 1:100 and 1:1,000) by inoculating 50 mL of 2X TY-AC media with a single colony and shaking at 37 oC. Take the O.D. after ~ 12-14 hrs, want an O.D. of less than 1.0. Usually the culture is not in stationary phase at this stage. (Can start taking column out of 20% EtOH overnight.)
3. Use the mini-culture to inoculate two 1L flasks of 1X TY-AC media to ~0.1 O.D. in a 2.8 L Fernbach flask at 37oC. Prior to Inducing with IPTG, save a pre-induction sample. Induce with 0.4 mM IPTG (final concentration) between OD 0.6-0.9 for 1.5-2 hrs. Start bringing the cold rotor up to room temperature by putting it into the 37oC room, or find a room temperature rotor to use.
4. Harvest cells by centrifugation at 8000 g at room temperature. Do not spin at 4 oC. This is will induce lysis due to the pLysS feature. Use the Lim lab's autoclaved 1L bottles with the special seals and orange lids.
5. Quickly resuspend in 25 mL of Wash Buffer, transfer to Oak Ridge Nalgene tubes and flash freeze in liquid N2.
6. Thaw the cell suspension in a warm water bath (37 oC). Lysis will start and the solution will become very viscous. Add some wash buffer ~ 10 ml and keep on ice.
7. Sonicate on ice to shear DNA and reduce viscosity in 50mL Falcon tubes. Sonicate at 75% amplitude, 4 x 20 seconds, 0.5 sec on and 0.5 sec off. Rest one minute between rounds. Immediately transfer even amounts to 35ml Oak Ridge tubes and centrifuge for 20 min at 4 oC at 23,000 g.
8. Save the pellet. This contains inclusion bodies of histones. (Save supernatant until after prep.)
9. Wash the pellet by resuspending in 25 mls of cold TW buffer (Use 10mL disposable pipets. It may not get completely resuspended). Spin for 10 min @ 23,000 g. Remove supernatant and save first wash until after prep. Repeat this step once with cold TW buffer and twice with Wash buffer. After last wash, remove the supernatant. The pellet can be stored at –20 oC till further processing.
10. Add ~0.2 mL DMSO to the thawed pellet at room temperature. Mince the pellet with a clean spatula or pipette tip. Soak at room temperature for 30 min. (Can combine like histones into one tube at this step if desired.)
11. Add a small stir bar into the Oakridge tube. Add ~ 7 mL of unfolding buffer while stirring. Stir at room temperature for 5-6 hours (overnight okay) to extract histones.
12. Remove undissolved material by centrifugation at room temperature for 10 min at 23,000g. Save supernatant and filter each through a 0.45 micron 50mL filter-tube unit.
13. Equilibrate a prepacked Sephacryl S200 column (2.6/60: column volume ~318 mL) with H20 then, SAU buffer at room temperature. This takes a long time, so equilibration can be done overnight. But always use freshly de-ionized urea (Do not use de-ionized urea solutions that are more than 24 hrs old, including sample collection time. It will add urea to cystines). **column stored in 20% EtOH --> filtered degassed H20-->filtered, degassed SAU-1000--> Run samples
14. Load filtered inclusion body extract onto the column with clean, fresh SAU-1000-primed. (When loading the sample, be sure to leave a small volume in the superloop to avoid passing bubbles in the superloop over the column.) Flow rate is 1.2 ml/min. Collect 5 mL fractions after void volume. The first larger peak contains most of the sheared DNA and larger proteins. The second smaller peak or shoulder will contain mainly the histone protein. The histones should elute within 200 mL.
15. Check the peak fractions for DNA content by taking A260, A280 readings using the Ashrafi Lab's Nanodrop, "Protein 280" program. Pool fractions that have a low A260 value to avoid fractions with too much DNA.
16. Dialyze the pooled fractions at 4oC (cold room) against 3 changes of 2 L water containing 2 mM 2-mercaptoethanol using 6-8 KDa cutoff dialysis bags. At least one dialysis step should be overnight. There will be some or a lot of precipitation depending on how much DNA came through. High DNA content will cause more precipitation. (Don't hesistate to pool good fractions in one bag and okay fractions in a separate bag.)
17. Spin down at 23,000 g for 10 min @ 4oC in 35mL Oak Ridge tubes to remove precipates. Save the supernatant and determine histone concentration by running on a 15% separating gel with BSA standards and staining with SYPRO red. (Can take a little supernantant for the gel and freeze the rest at -80oC for later processing. But to thaw, do it overnight at 4oC = SLOWLY.)
18. Make aliquots of required histone molar quantities (aliquot concentrations are standardized), freeze in liq N2, and lyophilize (in Lim Lab lyophilizer) for future octamer re-folding.
Questions should be directed to Geeta Narlikar.
HistonePrep (last edited 2007-12-18 00:44:38 by narlikarlab)
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SDS-PAGE Stacking Gel Protocol 
1. Pour polyacrylamide gel at percentage as to maximize effectiveness of sample separation.  Use the following table to determine gel percentages:
Acrylamide		Linear range 
concentration (%)	of separation (KD)
15				12-43
10				16-68
7.5				36-94
5.0				57-212
**For histone proteins, we use 15% polyacrylamide gels.  
2. To prepare 10 ul of 15% resolving gel, add the following in the order listed:
· 2.3 ml water
· 3.75 ml 40% acrylamide mix (19:1)
· 3.75 ml 1.0 M Tris (pH 8.8)
· 50 ul 20% SDS
· 100 ul 10% APS
· 4 ul TEMED
3. Utilizing the casting stand, pour into glass plates, stopping about 2 cm from the top of the glass plate (the length of the comb plus another cm).  Do this quickly after step 2 to prevent polymerization to occur in your beaker.
4. Over lay with a thin layer of isobutanol.
5. Wait for polymerization to occur, usually about 30 minutes.  During this time you may prepare your samples to be loaded into the gel.  
6. After polymerization, pour off isobutanol overlay and gently rinse the top of the gel (still sandwiched between glass plates) with water.  Using a paper towel or Kim wipe, wick up extra water from the top of the gel.  
7. Prepare stacking gel as follows:
· 1.48 ml water
· 248 ul 40 % Acrylamide (19:1)
· 250 ul 1.0 M Tris (pH 8.8)
· 10 ul 20% SDS
· 20 ul 10% APS
· 2 ul TEMED
8. Pour stacking gel directly on top of resolving gel. Insert comb into gel paying careful attention as not to trap any air bubbles.  
9. Wait for polymerization to occur, again usually about 30 min.  You may complete sample prep. During this time.  
10. After polymerization, remove comb and insert gel into and buffer dam into clamping frame, which is then placed in electrophoresis box.  
11. Fill space between the gel and buffer dam with running buffer; fill box to fill line on the outside of the clamping frame.
12. Using a syringe, wash each well with running buffer as to remove air bubbles and unpolymerized acrylamide.  
13. Load samples into wells.
14. Run gel at 80V until samples enter resolving gel, then increase voltage to 150V until samples near bottom of the gel.
15. Once complete, wash gel 3X with water, then stain for 60 minutes with comassie blue.
16. Destain with water; this may be done overnight.
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Western Blotting Protocol

I. Materials
· Transfer buffer: 4L = 57.64g glycine; 12.12g Tris base; 800ml Methanol; ddH2O to 4 liters. Store at 4C.
Recycle 5 times
· TBS (1x): (20 mM Tris, 500 mM NaCl)
2L = 4.84g Tris; 58.48g NaCl; ddH2O to 2 liters adjust pH to 7.5 with conc. HCl.
· TTBS:  1L = 0.5ml of Tween-20 to 1 liter of TBS
· Blocking buffer:  50ml of TBS with 5% dry milk
· Antibody buffer: make up 10ml – antibodies are expensive so use as little as possible.  Antibody solutions can be saved in the fridge for ~1 month and reused.
· Primary: use as per manufacturers instructions.  This is usually a 1:500 dilution in 1x TBST with 1% BSA.
· Secondary: Use either anti-rabbit or anti-mouse depending on primary antibody.  Secondary antibodies are usually used at a 1:10,000 dilution in TBST with 1% dry milk.
· HRP color development solution:  Mix together equal amounts of the reagents right before use.  DO NOT MIX EITHER REAGENT INTO THE STOCK VIALS!  
· Stripping Buffer: 67.5mM Tris. Cl pH 6.7; 2% SDS; 100mM -ME

II Method
1. Prepare samples for gel.  See preparation of yeast cells for western blotting if necessary.  Prepare protein MW markers for gel by boiling the desired amount to be loaded in gel.
2. Pour a SDS-PAGE gel.
3. Western Blot:  With gloves, carefully measure and cut nitrocellulose rectangles the size of the western blot sponges.  Pour transfer buffer into a large Tupperware tray.  Slip one rectangle of nitrocellulose in at a 45 angle.  Leave for a few minutes.
4. Open up glass plates of SDS-PAGE gel.  Remove stacking gel by scraping off.  Carefully bind a rectangle of 3mm paper on top.  Roll out air bubbles gently with a plastic pipette.  Wet sponges in transfer buffer and put one under and one over the sandwich.  Roll out the air bubbles gently.  Place sandwich in plastic “cage” with black side on gel side.

[image: ]

5. Set up Western blot apparatus with stir bar inside and ~1/2 full of transfer buffer.  Put ice block (or water cooler for large transfer) and sandwich cage(s) inside electrode box. When it’s all set up, the transfer buffer should be at the top of the chamber.  Place on stir plate and stir rapidly.  Set amperage at < 500 mA.  As the temperature increases, amperage will increase and the power supply will buzz if it goes over 500mA.  Transfer for 1.5 hours.  (If using the 200/2.0 power supply, run mini-blot at 300V or full size blot at 800mA.)  Be careful – high amperage kills!
6. Open up sandwich and check that all visible markers have transferred to the nitrocellulose.
7. Wearing gloves put nitrocellulose in 50 ml blocking buffer and shake for 1 hour.  Pour out blocking buffer.  Rinse blot once with TTBS.
8. Put nitrocellulose into 1 Ab buffer.  Incubate with shaking for 2 hours -> overnight.
9. Wash blot 3 times with TTBS for 10 minutes each.
10. Soak blot in 10mls of Antibody buffer + 2Ab.  Incubate 1 hour.
11. Wash blot 3 times in TTBS for 10 minutes each.  Then wash once in TBS.   Pour off TBS and add color development solution made immediately prior to using. Quickly blot off nitrocellulose paper (NP) on paper towel.  Then incubate NP in reaction mix for 1-2 min (up to 10 if you suspect a low signal).  Then blot off and wrap in saran wrap, tape into cassette.  Expose on film. There should be bands forming within 1 minute.  Once bands are clearly visible, rinse blot with water, dry and photograph, if desired. Ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff------

12. If you need to strip and reprobe use ~20-30ml Stripping buffer.  Incubate at 50 for 30 minutes.  Rinse, blot well, and reprobe.
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Protocol for Preparation of DH5α Competent Cells

Day 1
 
1. Streak DH5α for isolation on LB plate (no ampicillin).
2. Grow at 37 ˚C.

Day 2

3. At the end of the day, add a single colony to a 4-16 ml (4 ml for 1X, 16 ml for 4X) SOB media aliquot for overnight culture at 37 ˚C and 250 rpm.

Day 3

4. Add 4.0 mls overnight culture to 400 ml SOB in 2L flask. Grow at 37 ˚C and 250 rpm until OD550 = 0.4-05 (2-3 hours). Transfer to conical 250 ml Tubes.
5. Chill 5-10 min on ice.
6. Spin at 3-4k for 10 min. Pour off sup.
7. Resuspend cell pellet by pipetting in 150 ml TFB I. Ice for 5 min
8. Spin at 3-4k for 10 min at 4 ˚C. Pour off sup.
9. Gently resuspend in 15 ml TFB II (if > 1X pool together, e.g. 60 ml for 4X). Ice for 15 min
10. Aliquot 50 ul to prechilled sterile 0.5 ml microcentrifuge tubes. Snap freeze in matrix of dry ice crushed to powder.  Bacteria are ready for transformation.


Media/Buffers

SOB Media

	Reagent/Final Vol
	400 ml
	800 ml
	1600 ml

	Tryptone
	8 g
	16 g
	32 g

	Yeast
	2 g
	4 g
	8 g

	NaCl
	0.2 g
	0.4 g
	0.8 g

	0.25 M KCl (add after dissolving the foregoing)
	4 ml
	8 ml
	16 ml



pH 7.0 with 5 N NaOH. Autoclave. Add 2 mls filter sterilized 2M MgCl2 to each 400 ml.

TFB I
	Reagent
	F.W.
	200 ml
	400 ml
	800

	30 mM Potassium acetate
	98.14
	0.59 g
	1.18 g
	2.36 g

	100 mM RbCl
	120.9
	2.42 g
	4.84 g
	9.68 g

	10 mM CaCl2
	147
	0.294 g
	0.59 g
	1.18 g

	50 mM MnCl2
	197.9
	1.98 g
	3.96 g
	7.92 g

	15% Glycerol
	N/A
	30 mls
	60 ml
	120 ml


pH 5.8 w/ Acetic Acid (do not overshoot—correcting with KOH will cause irreversible precipitation). Filter sterilize.
TFB II
	Reagent
	F.W.
	100 ml

	10 mM MOPS
	209.3
	0.209

	75 mM CaCl2
	147
	1.102

	10 mM RbCl
	120.9
	0.121

	15% Glycerol
	N/A
	15 ml


pH 6.5 w/ KOH.  Filter sterilize.
 
0.25 M KCl (F.W. = 74.55)
1.86 g KCl/100 ml H2O. Filter sterilize.

2M MgCl2 (Hexahydrate = F.W. 203.3)
40.66 g MgCl2 to 100 ml. Filter sterilize.
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CIP nonspecifically catalyzes the dephosporylation of the 5’ and 3’ ends of DNA and RNA. Used in molecular cloning to prevent relegation of linearized plasmid DNA. 

	

	Vector cut and cleaned up (2 μg DNA)
	30 μL

	NEB Buffer 3
	5 μL

	ddH2O 
	13 μL

	CIP
	2 μL

	
	----------
50 μL total rxn volume

	Incubate for ~90 min at 37C
(Needs to be cleaned. Use PCR Clean-up kit)
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	At least 3:1 insert:vector ratio
	

	
	

	2x Quick Ligase buffer
	5 μL

	Quick Ligase
	1 μL

	Vector (*CIPed if needed)
	__ μL

	Insert
	__ μL

	
	--------
10 μL total rxn volume

	Ligate for ≥ 5 min at room temperature then put on ice.
	


Transformation
Add ~2-5 μL of ligation reaction to DH5α cells (2 μL for TA pCR4 cloning).
Incubate on ice for 5-30 min.
Heat shock for 30 seconds at 42 C. Put back on ice for 2 min.
Add 250 μL of SOC.
Incubate w/shaking for 60 min at 37 C.
Spread on LB amp (or other antibiotic, depending on selection marker) plates. 200 μL and 20 μL.
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	100x BSA
	3 μL

	10x NEB Buffer___
	5 μL

	Enzyme
	2 μL

	DNA (2 μg DNA)
	

	ddH2O
	

	



*enzymes should never be more than 1/10 the total volume.
*1 μL enzyme per 1 μg of DNA. For 2 μg DNA digest at least 3hrs or go overnight. 
	----------
50 μL total rxn volume
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	PCR product
	4 μL

	Salt solution
	1 μL

	pCR4-Topo vector
	1 μL

	
	---------

	

	6 μL

	Incubate at room temperature for 5-30 min. Place on ice. Use 2 μL for transformation.
	



*Requires your PCR product to have non-template A’s on the end which are added by Taq polymerase. If not using Taq, add non-template A’s or need to use blunt vector.
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	Add 200 μL of sterilized glycerol to sterile microcentrifuge tubes.
	

	Add 800 μL of logarithmic-phase E. coli to glycerol. Freeze at -20/80 C after vigorous vortexing. (pg. 213 Molecular Cloning Laboratory Manual vol.1)
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	Inoculate 5 mL of LB (containing the appropriate antibiotic) and culture overnight
	

	Use antibiotic stock solutions: Amp [50 mg/mL], Kan [10 mg/mL].
	Kan 
5 μL/mL of LB

	Note: mg/mL is the same as μg/ μL. Final culture concentration should be amp 50 μg/mL or kan 50 μg/mL
	Amp
1 μL/mL of LB

	

	[bookmark: _Toc287867006]Colony PCR
	

	
	

	PCR master mix
	1 Rxn

	10x buffer
	2.5 μL

	2 mM dNTP’s
	2.5 μL

	100 μM primer (forward)
	0.125 μL

	100 μM primer (reverse)
	0.125 μL

	Taq polymerase
	0.25 μL

	ddH2O
	19.5 μL

	* keep master mix on ice, inoculate each reaction with a different colony
	-------------

	
	25 μL total rxn volume

	Colony PCR Thermocylcer Conditions

	94 °C
	Pause

	94 °C
	3 minutes

	94 °C
	45 sec [25 cycles]

	50 °C
	1:25 min [25 cycles]

	72 °C
	1 min [25 cycles]

	72 °C
	1 min (final extension)

	4 °C
	Pause






	[bookmark: _Toc287867007]ExoSAP Treatment


	ExoSAP Reaction
	1 Rxn

	10x S.A.P. Rxn buffer 
	1.0 μL

	S.A.P
	1.0 μL

	ExoI
	0.1 μL

	ddH2O
	2.9 μL

	Colony PCR sample
	5.0 μL

	Total Rxn
	10 μL



	ExoSAP Incubation

	37 °C
	Pause

	37 °C
	15 min

	80 °C
	15 min

	4.0 °C
	pause



	Sequencing

	ExoSAP sample
	5 μL

	Sequencing primer (3.3 μM)
	3 μL





	[bookmark: _Toc287867008]Taq PCR 
	

	
	1 Rxn

	PCR master mix
	

	10x Thermopol buffer
	5 μL

	2 mM dNTP’s
	5 μL

	100 μM primer (forward)
	0.25 μL

	100 μM primer (reverse)
	0.25 μL

	ddH2O
	38 μL

	template DNA
	.5 μL

	Taq polymerase
	1 μL

	
	50 μL


*It is a good idea to dilute the primer in order to pipet a larger volume when only doing a few reactions. Usually 1 μL in which case primers should be diluted 1:4 to 25 μM. 
[bookmark: _Toc287867009]
Primer Resuspension

1. Take the primer information sheet that came with the primer.
2. Record on the primer information sheet specifically what the primer is going to be used for.
3. Record what you are resuspending the primer in, how much, and the final concentration.
4. Record on the primer tube the concentration and what it is in. Also write some of the name on top of it for easy identification.
5. Wrap clear tape around the tube to protect the concentration information.
6. Date and initial the primer information sheet.
7. Photocopy the sheet. Retain one for your lab book and put the other in the Lab’s Master Primer Book

Dr. Steve Johnson’s Lab always resuspends stock primers to 100 μM in T.E.
Here is what you should know:

· μM = 1 x 10 -6 moles/ 1 L
· μM = ρmoles/μL
· μ    ---> x 10 -6
· n    ---> x 10 -9
· ρ    ---> x 10 -12

You have some number of nanomoles of primer. You want it resuspended to 100 μM in T.E. How much T.E. should you add?

y = # of nanomoles of primer
x = unknown T.E. volume

Convert to like units and set up as a ratio:

	y(1 x 10-9) moles
	=
	100(1 x 10 -6) moles

	x
	
	1 L


Solve for x:
	[y(1 x 10-9) moles](1L)
	=
	x

	100(1 x 10 -6) moles
	
	



Cancel like units and solve:
y(1 x 10-5) Liters = x	

	1 x 10-5 Liters is not convenient to work with. Multiply by 10 and it becomes 1 x 10 -6 or μM which is what we want! So to calculate how many microliters of T.E. to add to your primer, multiply the number of nanomoles of primer by 10.
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Blot order:

3mm Gel Nitrocellulose mm  sponge  White Electrode

j L

Black Electrode

Current runs from gel to nitrocellulose
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Every wveteran worm researcher has their own Picking up a worm is like...
techniques for picking worms. Here I will share some of Licking your finger to pick up an
eyelash.

mine. THis is meant as a guide to"help rietv nematode
researchers start developing their own style. Enjoy!

- _‘/C.\l\’ 1e

Your Friend GOO The key to moving worms

correctly is using lots of E. coli, also known
as “goo”. If your worm picking isn’t going
well, stop and look at your pick. Is there
a big gob of goo? Because there should be.

Sometimes the E. coli is a thin la,wn,'
or the plates are wet and you can’t

get much on the pick. That’s okay!

Picking up a worm is like...

A very gentle alien abduction.
I like to imagine them trying to

explain their bizarre otherworldly
abduction experience to their
disbelieving friends. The event is

inherently traumatizing. Your job is
to make it as gentle as possible.
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