Preparing GST fusion proteins

Test run to figure out if your protein expresses, and the best conditions:

I recommend that you try the protocol as outlined below, then if that gives no or low yield, try setting up a bunch of variables.

Variables include:

Induction temp (15-37oC)

IPTG amount (0.01-1mM)

Induction time (30min-5hours)

Type of bugs 

Lysis buffer (salt, pH, detergent)

Sonication

Solutions:

LB

Antibiotic (usually ampicillin)

100mM IPTG

Lysis buffer (see below)

4x sample buffer.

· Set up a small O/N culture (1-2ml) in LB/antibiotic,  37 o C, shaking incubator.  And set up a positive control with a protein you know works (eg GST).

Note

If you want to test a range of conditions, you should set up enough bugs to try all the conditions.

· 1st thing in the morning, inoculate 1ml of the O/N into 10ml LB/antibiotic (can do this in a 50ml tube).  Shake at 37 o C for 1.5hr (this gets it into the exponential phase of growth).

· During this wait (or while the bugs are being induced, see below), I usually prepare the glutathione sepharose 4B beads.  Remove 20ul bead slurry per sample + a little extra (eg if you have four tubes, remove 4x20 + 10 = 90ul slurry).  Dilute 2-fold with lysis buffer (eg To 90ul slurry, add 90ul lysis buffer).  Mark the level on the side of the tube.  Now wash 3x with 800ul buffer each wash.  After last wash, bring volume up to the mark on the tube.  Dispense into tubes (40ul per tube) ready for lysate (see below).

Diluting the bead slurry makes it easier to dispense accurately after you’ve washed it. 20ul of bead slurry is more than enough for the amount of protein you might get from 10ml of bugs.  (Bead capacity is 1-5ug protein per ul of bead slurry).  

20ul is also about the least you can see when your spinning down the beads to wash them.  

· Before you induce, remove 20ul of culture, spin down, add 7ul 4x sample buffer and boil for 3 min, spin down and store on ice. This is your uninduced total bugs sample.

· Reduce incubator to 30 o C and add IPTG to a final concentration of 1mM (0.1ml of 100mM IPTG stock).  Shake for 2.5 hours.

Notes
i. Inducing proteins at 30 o often reduces degradation 

The incubator usually takes a while to cool down – typically, I switch it off, and leave the lid off for 5 min, then put it back on and come back every 5 min to check the temp.

– you can try a range of temps, 15 o –37o).

ii. Original protocols suggest 0.1mM IPTG, we use more. Like temp, this is another variable you can play with.  For some proteins over induction is a bad thing because they may be toxic, and/or may precipitate in the bugs at high temps (i.e form so-called “inclusion bodies”).  If you test a range, try 0.01, 0.1, 1mM.

iii. Time of induction can also be varied.  

Shorter times – less chance of degradation and/or inclusion bodies.

Longer times – may increase yield of low producers.

Range to try: 30min-5hr.
· Before you spin down, remove 20ul of culture, spin down, add 30ul of sample buffer and boil for 3 min, spin down and store on ice. This is your induced total bugs sample.

· Throw some ice into the 50ml tube to cool bugs rapidly, balance with ice, and spin in benchtop at 3000rpm for 10min.

From hereon in it is very important to keep your lysate COLD so you can minimize degradation.

· Resuspend pellet in 1ml of cold lysis buffer, transfer to an eppendorf tube.

Lysis buffer is typically:





For 100ml

500mM NaCl

10ml 5M



0.5% NP-40

5ml 10%

50mM Tris pH7.6

5ml 1M


5mM EDTA

1ml 0.5M

5mM EGTA

1ml 0.5M

You can also add protease inhibitors just before use, but I’ve found that these don’t matter much as long as you keep things cold, and work fast.  The EDTA and EGTA chelate divalent ions, which many proteases need, so that does help.

Components of the lysis buffer can be varied.  The key ones are:

Salt: The lysis buffer above is high salt.  Many labs use around 100mM NaCl.  The salt concentration may affect the solubility of your protein so if you’re losing a lot of protein into the pellet after lysis, you can try varying salt. For GST-RB, I found about a 2-fold increase in yield with high salt.

pH: I haven’t played with this much, but it can affect solubility.

Detergent: NP-40 is a non-ionic, gentle detergent.  Some people report that other detergents will greatly increase solubility of certain proteins eg Sarkosyl. However, they may also decrease, or even kill, the activity of your protein.  So if you do try other detergents, be sure to compare activity (eg in a binding assay).

· Sonication:  The length and number of sonications depends on the sonicator.  The best thing to do is to compare 1ul of un-sonicated and sonicated bugs under the microscope – just spot 1ul onto a microscope slide, put on a coverslip and have a look (40x mag if poss).  You’ll see millions of bugs moving around in the unsonicated sample.  Complete sonication should lyse all the bugs, so you see nothing + fragments.

With the ERIC sonicator we have just now, try 3 x 10secs.  Keep the tube in ice as you sonicate.  Try to keep the probe off the walls of the tube, as this just dissipates energy.  Clean the probe with tissue + water in between samples.  At the end, give it another good wipe.

Oversonicating is bad as it can heat up the sample and denature your protein.  You may increase yield of total protein, but decrease yield of active protein.  You may want to set up a variety of preps sonicated under different conditions to test this.

· Optional – remove 5ul lysate (equiv to 50ul original bugs), spin down, separate pellet and supn’t, add SB, boil, spin, load on gel.  Pellet = total insoluble proteins, supn’t = total soluble proteins.

· Spin down rest of lysate for 15min, 4oC, max speed in microfuge.

· Transfer supnt to eppendorf tube with glutathione-sepharose 4B beads.  Rock at 4oC for 10min.

· Spin briefly to pellet beads (until speed reaches 3000rpm is fine, or 3-4 secs).

· Remove supnt and discard.  

· Wash beads 4x with 800ul cold lysis buffer

A minimum of four washes is necessary to get rid of everything that is not stuck to the beads.  More than four doesn’t help.  Three is bad.

Add 30ul 2xSB, boil 2min, spin down, load on gel.  This represents the total purified protein from 10ml of culture.

Typical gel:

Problems:

1. Low yield/all insoluble.  Try varying stuff as described above (eg bugs).  Or try another fusion protein if poss, or the same protein fused to a different tag. 

2. Insoluble: you can try solubilizing in guanidinium, then refolding after purification.

3. Degraded protein – usually due to you leaving your prep around for too long while there are bacterial proteases around and/or not keeping everything cold.

– note that “degraded” may actually be “truncated” due to premature termination of translation. This is caused by different optimal codon usage in bugs versus mammalian cells.  You can either try changing codons(not very practical), or try a mammalian expression system.  

- Also note that what you think is degraded protein could be bacterial proteins sticking to the beads.  You can check for this by running another GST fusion protein through, or running through the protocol with induced bugs that do not express any GST protein.

Large Prep of GST Fusion Protein

Note – this is a typical GSTRB379-928 prep.  Other proteins may give better yields using another method.  See the miniprotocol to test this out.

Solutions/Reagents:

LB

Antibiotic (usually ampicillin)

100mM IPTG

Cold Lysis buffer (see below)

4x sample buffer.

Cold Dialysis buffer (see below)

Dialysis tubing

Cold TEE (see below)

Cold Glutathione/TEE (see below –add glutathione powder fresh).

BSA (100ng/ul; and 1ug/ul)

Bradford reagent

Cold glycerol

Day 1:

· Set up a 50ml O/N culture in LB/antibiotic,  37 o C, shaking incubator. 

· Make the dialysis buffer (2x 2L) and store at 4oC so it is cold by tomorrow.  Same for lysis buffer.

Day 2:

· 1st thing in the morning, inoculate the 50ml O/N into 500ml LB/antibiotic in a two litre flask.   Shake at 37 o C for 1.5hr (this gets it into the exponential phase of growth).

_______________________

· During this wait (or while the bugs are being induced, see below), I usually prepare for later steps:

· i. Glutathione sepharose beads.  Remove 100ul bead slurry per sample.  Dilute 2-fold with lysis buffer.  Mark the level on the side of the tube.  Now wash 3x with 800ul buffer each wash.  After last wash, bring volume up to the mark on the tube.  Dispense into 15ml tubes (200ul per tube) ready for lysate (see below).

Diluting the bead slurry 2x makes it easier to dispense accurately after you’ve washed it. 

Bead capacity is 1-5ug protein per ul of bead slurry, so 100ul gives enough for 100-500ug.  In general, the beads can take more of a smaller protein than a bulkier one. GST RB379-928 is quite big (~90K).  The yield from 500ml of bugs is likely to be ~100ug, so 100ul of beads is a good amount.  

For higher producers you might want to use more beads, or just do a smaller prep.  It depends how much protein you need.

· ii. Make the dialysis buffer if you forgot to make it the day before

· Reduce incubator to 30 o C and add IPTG to a final concentration of 1mM (1ml of 100mM IPTG stock).  Shake for 2.5 hours

Notes
i. Inducing proteins at 30 o often reduces degradation 

The incubator usually takes a while to cool down – typically, I switch it off, and leave the lid off for 5 min, then put it back on and come back every 5 min to check the temp.

ii. Original protocols suggest 0.1mM IPTG, we use more. 

· Transfer bugs to Sorvall bottles containing some ice (to cool bugs rapidly), balance with ice, and spin in Sorvall at 5000rpm for 10min at 4oC.

From hereon in it is very important to keep your lysate COLD so you can minimize degradation.

· Resuspend pellet in 1ml of cold lysis buffer per 100ml of bugs (i.e 5ml for 500ml), transfer to 2 Sorvall tube.

Lysis buffer is typically:





For 100ml

500mM NaCl

10ml 5M



0.5% NP-40

5ml 10%

50mM Tris pH7.6

5ml 1M


5mM EDTA

1ml 0.5M

5mM EGTA

1ml 0.5M

You can also add protease inhibitors just before use, but I’ve found that these don’t matter much as long as you keep things cold, and work fast.  The EDTA and EGTA chelate divalent ions, which many proteases need, so that does help.

· Sonication:  You’re lysing a lot more bugs, and in a bigger volume, than you did in the small test prep.  You have >5ml of bugs in lysis buffer, and it’s split in two.  Splitting into two makes sonicating a little easier (smaller volume, less dissipation of energy).  It’s well worth checking if your sonication worked.  As in the small test prep, – just spot 1ul of un-sonicated and sonicated bugs onto a microscope slide, put on a coverslip and have a look (40x mag if poss).

With the ERIC sonicator we have just now, try 3 x 10secs.  Keep the tube in ice as you sonicate.  Try to keep the probe off the walls of the tube, as this just dissipates energy.  Clean the probe with tissue + water in between samples.  At the end, give it another good wipe.

Oversonicating is bad as it can heat up the sample and denature your protein.  You may increase yield of total protein, but decrease yield of active protein.  You may want to set up a variety of preps sonicated under different conditions to test this.

· Spin down the lysate for 15min, 4oC, 10K in Sorvall.

OR – transfer lysate to microfuges and spin 15min, max speed, 4oC.

· Transfer supnt to 15ml tube with glutathione-sepharose 4B beads.  Rock at 4oC for 10min.

· Spin briefly to pellet beads (until speed reaches 2000rpm is fine, or a few secs).

· Remove supnt with a 5ml pipette (minimizes disturbance) and discard – leave some at the bottom to ensure you don’t take of any beads.  

At this point, you can continue doing the washes in the 15ml tube, or to speed things a bit, you can add wash buffer, and transfer to two eppendorfs, then continue with the 4 washes.

· Wash beads 2x with 800ul cold lysis buffer

· Wash beads 2x with 800ul cold TEE (this lacks detergent, so your final solution will not contain detergent).  TEE = 200mM Tris pH8, 5mM EDTA, 5mM EGTA.

A minimum of four washes is necessary to get rid of everything that is not stuck to the beads.  More than four doesn’t help.  Three is bad.

· Add a volume of cold elution buffer (50mM glutathione/TEE – Need 15.4mg glutathione (Sigma) per ml cold TEE) that equals the original volume of slurry present in the tube (eg if you took 100ul slurry for one sample, then elute with 100ul buffer -  but note, if you split the beads in half earlier on, either elute with half that volume in each tube, or recombine the beads after the last wash.

· Mix the bead/buffer mix by tapping the tube and/or vortexing gently, spin briefly(a couple of secs is fine). Transfer supnt to fresh tube.

· Repeat the elution a total of three times, and combine the supnt after each elution.  

Note: We use 50mM glutathione to elute – the original suggestion was 5mM, but much higher amounts give better elution.  HOWEVER, glutahtione is acidic, so it is really important to use a lot more Tris (200mM) to buffer the more concentrated glutathione.  Always check that the pH of your elution buffer is 7 or  above once you make it up.

3 elutions is generally enough, but if you have a high yield, you may get more from a fourth.  You can check the amount in the fourth elution using the quick Bradford as described below.

· At this point, you want to get a rough idea of how much protein you got before you dialyse (not worth dialysing if you got nothing).  Set up tubes containing 100ul Bradford solution (1ml stock + 4ml water) plus 0, 1ug, 3ug, and 10ug of BSA.  Add 2ul of your prep to another tube containing 100ul Bradford.  By comparing the test with the controls, you can estimate the amount of protein in 2ul and hence per ul.

· Set up the dialysis to remove the glutathione.  2x 1hr is fine, but I typically do 1hr, then an overnight dialysis.  The dialysing buffer typically used is shown below, but you may want to dialyse into something that is more specific for your subsequent application.

For 2L

100mM NaCl

40ml 5M

20mM Tris pH7.6
40ml 1M

1mM EDTA

4ml 0.5M

1mM EGTA

4ml 0.5M

Note: dialysis may not be necessary for every application, but if you want to reload your prep onto beads (eg for a pull down assay) you need to get rid of glutathione, unless your diluting it considerably (100x would reduce it to 0.5mM, which would be ok).

(Day 3 – or continuation of day 2):

· After dialysis, bring the protein to 50% glycerol by adding an equal vol of glycerol.  This prevents freezing at –20oC (c.f restriction enzymes), and lengthens the storage life of your protein.  

· Determine concentration by Bradford assay.  

Record the following numbers in your notes:

1. Concentration of protein.

2. Total amount obtained.

3. Yield per ml of bacteria used (this is very helpful in comparing different proteins).

· Note – this is only TOTAL protein concentration – it is essential that you determine how much of this is FULL LENGTH.  For this, run 3ug of full length on a gel, together with BSA standards of 200, 500ng, 1ug, 2ug, 3ug.  Once you’ve stained and destained the gel, write the total and full length concentration on the tube as well as your notes.  

BE CAREFUL TO RUN A GEL THAT WILL ALLOW YOU TO SEE YOUR PROTEIN AND THE BREAKDOWN PRODUCTS.  GST is the smallest thing you want to see, which is ~27K, so a 10% gel will keep this on.

