
Netrin-1, Slit-2, Shh and BMP-7 Purification

General Info:

- This purification procedure is based on the ability of these secreted proteins to bind heparin at low [salt], but not at higher ones. 
- The purification can be broken down into 5 steps that take about 1½ weeks to complete:

	Step 1:
	Step 2:
	Step 3:
	Step 4:
	Step 5:

	Plate
	Split into 10x150mm
	Extract
	Spin and FPLC
	Quality Control

	2-4 days
	4-7 days
	1 day
	1 day
	~1 day


- Netrin-1, Slit2 and Shh are stably expressed in HEK 293 cells.

- 293 cells are transformed human embryonal kidney cells. They are hypotriploid, with a modal chromosome number of 64 occurring in 30% of the cells (ATCC website). 
- Doubles every 24hrs
- Netrin-1 cells:
- From Marc Tessier-Lavigne’s group (Shirasaki et al., 1996). 
- Chick netrin-1 with a myc tag at the C-term.

- An apparent MW of ~78kDa. 
- Selection drugs: Hygromyzin B and Geneticin (G418) 

- Slit-2 cells:

- From Yi Rao’s group (Kanellis et al., 2004).  
- Full-length human Slit2 tagged at the carboxy terminus with c-myc. 
- Full length Slit2 has a MW of ~190kDa. However it can be cleave into two fragments: the N-term (~150kDa) binds heparin, while the C-term is soluble (Brose et al., 1999).
- Selection drug: Only Geneticin (G418)
- Shh cells:

- From Philip Beachy lab(Cooper et al., 1998), but obtained from the ATCC (CRL-2782)

- Mouse Shh under ecdysone-inducible control. The Shh expressed in these cells is efficiently processed, undergoing both internal cleavage and the covalent addition of both cholesterol (carboxy-terminus) and a fatty acid (amino-terminus) to generate the mature signaling molecule. 
- The processed form has an apparent MW of ~20kDa (the unprocessed is ~45kDa)

- Selection drugs: 0.4 mg/ml Geneticin (G-418) and 0.4 mg/ml Zeocin (Invitrogen, Cat. No. R25001)

- Induction drug: 1µM Muristerone A (EMD Biosciences, 475946)
- Dilute 1mg in 2ml of EtOH store in -20C
- BMP-7 cells:

- From Jeroen Buijs (Buijs et al., 2007) 

- These are MDA-MB-231 cells (human breast adenocarcinome).
- Express human BMP7
- Has an apparent MW of ~48kDa 
- Selection drugs: 0.4mg/ml Hygromyzin B and 0.8mg/ml Geneticin (G418) 



Step 1: Plate cells:
- Culture in a 150mm tissue culture dish to confluence in selection media.  ie DMEM/10%FBS/1%PenStrep, plus:

- Netrin-1 and BMP7 cells:
- 0.4 mg/ml Hygromycin B (400μl per 50ml of 50mg/ml) 

- 0.4 mg/ml Geneticin G418 (400μl per 50ml of 50mg/ml)
- Slit-2 cells:
- 0.4 mg/ml Geneticin G418 (400μl per 50ml of 50mg/ml)

- Shh cells:

- 0.4 mg/ml Geneticin G418 (400μl per 50ml of 50mg/ml)
- 0.4 mg/ml Zeocin (200µl of per 50ml of 100mg/ml) 
Step 2: Split into ten 150mm Dishes: (6-9days)
- Split cells into 10 150mm plates (25ml per plate)

*** For Shh cells: need to include 1µM of Muristerone A (25µl of 1mM per 25ml)
- Grow cells until confluent and media begins to acidify (turn orange)
Step 3: Extract protein: (1day)
- Prepare 20ml of 1.2M NaCl/PBS with protease inhibitors:

- Dissolve 1.75g of NaCl to 20ml with PBS

- Add protease inhibitors (can use 2 complete mini tablets, Roche # 11836153 001)

- On ICE with gentle rocking:

- Aspirate (ie dispose of) media (most protein is bound to cells and needs to be extracted with high salt)

- Expose a 150mm plate to 20ml of the 1.2M NaCl/PBS for 15minutes.

- Using the same 1.2M NaCl/PBS, expose another plate for 15 minutes.

- Repeat until all plates have been extracted.

- If >1 week before running FPLC then SNAP FREEZE in liquid nitrogen and place at -80(C

- Otherwise, leave at 4°C. 
Step 4a: Spin: (1hour)
- Before running FPLC, must spin down cell debris with at least 20,000xg (JA-17 or SA-600 @ 12,000rpm) for 1hr @ 4(C.

Step 4c: Prepare Buffers and Column for PFLC:
Buffer A: 1L of 0.25M NaCl in 10mM Na2HPO4, pH 7.4

- 800mL of dH2O  
- 1.41g Na2HPO4
- pH to 7.4 (~5drops of 10M HCl)

- 14.6g NaCl
- Dilute to 1L and place @4°C or on ice.
Buffer B: 500mL of 2M NaCl in 10mM Na2HPO4, pH 7.4

- 400mL of dH2O  

- 0.70g Na2HPO4
- pH to 7.4 (~5drops of 10M HCl)

- 58.44g NaCl

- Dilute to 500mL and place @4°C or on ice.
Heparin Column:
- The heparin column (HiTrap Heparin HP, AP Biotech) is stored at 4°C in 20% ethanol.
- It has a binding capacity of ~3mg antithrombin III per ml of column (ie ~3mg for the 1ml and 15mg for the 5ml column)

- The max backpressure is 0.3MPa
Step 4d: Dilute Netrin: 
IMPORTANT! Must reduce salt content of extract to ensure efficient binding to column by diluting with an equal volume of PBS
Step 4e: FPLC
- Max backpressure: 0.3MPa

- Max flow rates:
- 1ml column: 0.2-1ml/min


- 5ml column: 1-5ml/min
- GE AKTA prime plus hookup: (door: 2, (3,5), 4, 1)

Injection loop: ports 2 and 6


Column: port 1 and UV
- Wash column and tubing with >10ml of buffer B
- Equilibrate the column and tubing with >10ml of buffer A
- Inject diluted extract onto column using buffer A

- If possible, use a 10ml injection loop and inject >14ml (there will be diffusion within injection loop)

- To be safe, collect flow through in 7ml fractions

- After loading, wash with >20ml of buffer A
- Elute netrin-1 by running a gradient from 0-100% buffer B over 10ml

- Collect in 1ml fractions

- Netrin-1 should come off at ~75% buffer B (or ~1.6M NaCl)

- Run an additional 9ml of buffer B through column


- Collect in 3ml fractions

- FPLC cleanup:
- Remove and recap buffers.
- Run at >20ml of 20% EtOH through the entire system:
- Remove and recap heparin column (Store @4°C).
- Empty the waste bucket
Step 5a: Pool Fractions and Determine Concentration & Purity:

- Perform a 1μl dot blot of each fraction – pool strongest fractions (usually ~10 fractions)
- If the purification process was done properly, the concentration should be btw 100-200μg/ml.  To determine an approximate concentration begin by comparing a Coomassie Blue stain of 5, 10 and 20μl of pooled fractions to 10μl of BSA standards diluted in 1.6M NaCl.to 50, 100, 150, 200 and 300μg/ml. Netrin should be the only major band at ~80kDa. 

Step 5b: Functional Assay:
- Measure activity with dorsal spinal cord explants.  

- The optimal outgrowth should be at approximately 180ng/ml.
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