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Parallel Denaturant Gradient Gel Electrophoresis of PCR amplicons
Summary:
Vertical polyacrylamide gel electrophoresis of PCR amplificates in a gel containing a vertical concentration gradient of a strong denaturant (Formamide & Urea) to seperate amplificates of similar length but different sequence. The polyacrylamide gel is cast and run using the Bio-Rad Dcode universal mutation detection system. We will use an 8% acrylamide gel of 0.75 mm x 16 cm x 16 cm with a gradient of denaturant from 10% to 90%. The gel is run at 200 V for 30 min followed by 130 V for 4h30 min and then stained with SybrGold to visualize bands on a UV illuminator.

WARNING: 
Acrylamide is a NEUROTOXIN (until it polymerizes).
- Always wear gloves. When handling the gel for staining and transfer to UV illuminator, do not use nitrile gloves as they will smear the image of the gel. 
- Cast gels in a tray lined with filter paper to contain acrylamide in case of leakage
- Cast gels in lab. hood.
- Dispose gel & monomers properly!

Equipment & stock solutions

Apparatus
Bio-Rad Dcode universal mutation detection system consisting of:
- Gradient mixer model 485 Bio-Rad
- Casting stand, glass plates, sandwich clamps, combs & spacers
- Buffer tank, Temperature controller & Core unit

Powersupply
PowerPac 300, BioRad

Acrylamide
Stock solution: 40% Acrylamide/Bisacrylamide (37.5:1)

* Purchase pre-mixed stock solutions from Bio-Rad cat# 161-0148  if possible, otherwise:
- Acrylamide 
38.0 g
- Bis-acrylamide
2.0 g
Add dH2O to 100 ml Filter through Whatman #1 and store at 4°C

TAE Buffer
Stock solution: 50x TAE Buffer (1l)
- Tris Base
242.0 g
- Acetic acid, glacial
57.1 ml
- 0.5 M EDTA pH 8.0
100.0 ml
- dH2O
600 ml
Mix and add dH2O to 1 liter. Autoclave 20-30 min. Store at RT.

0% Denaturant 
(To make a total volume of 100 ml for a 8% acrylamide gel) 
- 40% Acrylamide
20.0 ml
- 50x TAE-buffer
2.0 ml
- dH2O
to 100.0 ml
Store at 4 °C in brown bottle. Stable ≈ 1 month

100% Denaturant 
(To make a total volume of 100 ml for a 8% acrylamide gel) 
- 40% Acrylamide
20.0 ml
- 50x TAE buffer
2.0 ml
- Formamide (deionized)
40.0 ml
- Urea (to be 7 M)
42.0 g
- dH2O
to 100.0 ml

Bottle can be placed in 50-60°C water bath to help dissolve
Store at 4 °C in brown bottle. Stable ≈ 1 month

10% APS
Ammonium persulfate, 1 g / 10 ml, store in aliquots at - 20°C  (NOTE: APS is hygroscopic, do not leave bottle or aliquoted tubes open)                                      

TEMED
Liquid. Store at 4 °C

Laboratory/Silicone Grease

Working solutions & samples

· Take out the working solutions so they are room temperature

Low denaturant 
10% denaturant, 8 % acrylamide (12 ml total)
- 0% Denaturant
10.8 ml
- 100% Denaturant
1.2 ml
And just before casting: 
- 10% Ammonium persulfate
50 µl
- TEMED
5 µl

High denaturant 
90% denaturant, 8 % acrylamide (12 ml total)
- 0% Denaturant
1.2 ml
- 100% Denaturant
10.8 ml
And just before casting: 
- 10% Ammonium persulfate
50 µl
- TEMED
5 µl

Top Gel 
0% denaturant, 8 % acrylamide (5 ml total)
- 0% Denaturant
5.0 ml
And just before casting: 
- 10% Ammonium persulfate
50 µl
- TEMED
5 µl

Gel:
0.75 mm x 16 cm x 16 cm of 8% Acrylamide.
Top gel: 0% denaturant, Gradient: 10 - 90 % denaturant. 
Two gels can be run simultaneously in the Bio-Rad DCode apparatus. However, due to proximity to heat source and inadequate mixing, the back gel may give inconsistent results.
Comb
20 wells per gel. A thin layer of laboratory or silicone grease should be added to both sides of the spacers to avoid the smiling effect of the outermost lanes. 
Standard
Appropriate markers for target genes


Loading buffer:
0.2 % bromphenolblue, 20% w/v sucrose.
Note: The sample and loading buffer volume ratio should be 6:1.

Loading
18 µl sample/standard + 4 µl loading buffer (loading volumes can vary depending on the concentration of the product to load)
Parallel Gradient Gel Assembly

Make sure all components are clean before assembly. Use caution when assembling the glass plate sandwiches as to not chip the glass. Wear gloves at all times. 
1) On a clean surface, two glass plates for each gel (one tall, and one short) should be well cleaned and dust free prior to assembly using 70% or 96% ethanol and lint free lab tissues. The ethanol removes any grease residue from prior runs. 

2) Clean spacers with 96% ethanol and let dry. Using gloved fingers, add a thin layer of laboratory grease to both sides of each spacer. 

3) Place the greased spacers on the either side of the tall glass plate and make sure they are oriented properly, i.e. aligned with holes to the top and flush sides inward.

4) The alignment card can be placed between the spacers on the tall glass plate to prevent moving of the spacers and spreading of grease during alignment. If used, the alignment card should be cleaned with MilliQ water to remove any dust particles.

5) Place the short glass plate (clean side down) on top of the tall glass plate being carefull not to move the spacers.

6) Place the side clamps with arrows facing upwards onto each side of the glass plate sandwich; align the spacers using the alignment card, remove the card gently and tighten the clamp screws. 
NOTE: It is critical that the spacers be well aligned and flush with the bottom of the glass plates or there may be leakage during casting of the gel.

7) When a good alignment and seal is obtained, place the gray sponge onto the front of the casting slot. The camshafts on either side of the casting slot should be pulled out with handles pointing up. Place the glass sandwich assembly on the gray sponge with the short plate facing you. Push in the camshafts and lock the sandwich into place by turning the handles down. Inspect visually that the bottom of the plate sandwich is sealed onto the gray sponge. 

8) Clean the multi-well comb so that it is dust free. Make a mark on the short glass plate indicating approx. the bottom of the comb.
Casting the gel

The steps below are time sensitive. Be thoroughly familiar with the procedure before casting the gel. Cast gels in a tray lined with filter paper to contain acrylamide in case of leakage

9)
Make sure that the gradient mixer is placed on top of a stir plate with a small stir bar in each chamber. The outlet should be connected to tubing that is routed through a peristaltic pump and ends with a syringe needle. A flow rate of ≈  10 ml/min should be used for gel casting (purple/purple tubes with iø 2,06 mm).
10)
Wash the gradient mixer, tubing, and needle by filling both chambers of the mixer with MilliQ water then turning on the stir plate, opening the valve between the two chambers by turning the black handle upwards, opening the outlet valve, and turning on the peristaltic pump.
11) 
When all water has passed, turn off the peristaltic pump, turn off the stir plate, close the valve between both chambers and close the outlet valve.
12)
Prepare the high and the low denaturant solutions (both 12 ml) in two 50 ml Erlenmeyer flasks or beakers following . In a third beaker, add 5 ml of the 0 % denaturant and set aside.  

13) When ready to cast the gel, add 50 µl of 10 % APS and 5 µl of TEMED to both high and low denaturant solutions. Mix quickly by swirling. 

CRITICAL STEP: Once the APS and TEMED are added, the polymerization reaction will begin. Proceed immediatly with casting of the gel

14) 
Pour the entire high and low solutions into appropriate channels marked high and low on the gradient mixer. Turn on the stir plate.
15) 
Hold the syringe needle between the two glass plates.
16)
Open the valve between both chambers by turning the handle upwards then immediatly open the outlet valve followed by turning on the peristaltic pump.
17)
Allow the gel to pour until it is roughly 1-2 cm below the bottom of the comb then turn off the peristaltic pump. Air bubbles in the gel should be avoided, gently tap on the glass plates if air bubbles are trapped during casting of the gel. Place the needle in an empty beaker and turn back on the peristaltic pump to discharge remaining acrylamide solution. Dispose of this solution in an appropriate waste container. Fill the two chambers with MilliQ water (at least 200 ml) and flush the entire system by turning on the peristaltic pump to get rid of any remaining acrylamide solution.
NOTE: The comb is not yet inserted. When it is inserted, it should NOT reach into the denaturant solution.

18)
To pour the top gel, add 50 µl of 10 % APS and 5 µl of TEMED to the 5 ml of 0 % denaturant reserved in step 12. Mix quickly by swirling.
19)
Without disturbing the denaturant gradient, gently cast the top gel using a 10 ml disposable syringe. After about half of the solution has been added, gently insert the comb at an angle to prevent any air bubbles from being trapped. If air bubbles are trapped, remove the comb and re-insert. Fill the remainder of the gel being carefull not to add excess solution above the comb (too much solution could result in collapsed wells). Flush the disposable syringe with MilliQ water.
20) Allow the gel to polymerize for 90 min.
Running gel

21)
Immediatly after casting gel, place the plastic frame (taking care that the U-shaped white gaskets are in place on each side of the plastic frame)  into the DCode apparatus electrophoresis tank and fill with 1X TAE buffer. Set the temperature to 60 ºC (it can take up to an hour for the buffer to heat to 60 ºC) and turn on the mixing pump. 

22) When the gel has polymerized for 90 min, remove from the casting slot. Take out the plastic frame from the electrophoresis tank. 
23)
Insert each gel sandwich onto the plastic frame following instructions from p.63 of the DCode apparatus instruction manual. Make sure that the white U-shaped gaskets are wet before installing the glass plates and ensure that the seal is formed between the short glass plate and the gasket. If only one gel is to be run, assemble a set of glass plates without the spacers placing the short glass on top of the tall glass plate. This will form an upper buffer chamber above the gel.
24)
Add 200 ml of 1X TAE buffer to the upper buffer chamber and inspect for any possible leaks

25)
Gently lower the plastic frame with attached gel sandwiches into the electrophoresis tank with red button to the right hand side and the black button to the left hand side. Try to avoid air bubbles trapped at the bottom of the gel plates which could inhibit electrophoresis. Add an extra 150 ml of 1X TAE buffer to the upper buffer chamber.
26)
Replace the temperature control module on top of the electrophoresis tank and set the temperature to 62 ºC.
27)
While the temperature heats to 62 ºC, prepare samples to load by mixing with loading buffer. Mix with appropriate amount of sample or of standard and load on the gel.
28)
When the temperature is 62 ºC, remove the temperature control module and place on the DCode lid stand. Gently remove the combs from the gels. Inspect if any of the wells have collapsed. Collapsed wells can sometimes be straigthened out with the help of a disposable syringe needle.

29)
Flush the wells with buffer from the upper buffer chamber using a disposable syringe needle.

30) Load samples prepared in step 27 into the wells using 10 µl pipette tips.

31) Replace the temperature control module on top of the electrophoresis tank and set to 60 ºC. 

NOTE: Start electrophoresis ONLY when the temperature has reached 60 ºC. In the meantime, a low voltage (ex. 20V) can be run to ensure that loaded samples do not float out of the wells. Samples should not run into the denaturant before the temperature of the system reaches 60 ºC.

32) Run the gel at 200 V for 30 min. followed by 130 V for 4h 30 min. Take note of the mA at 200V and 130V. Run times and voltage can be optimized.
Staining of gel

NOTE: Do not use nitrile gloves during this step as they will cause a dark smear on the gel.

33)
Turn off the pump, heater and power supply and remove the gel sandwiches from the electrophoresis tank.

34)
Fill a plastic container with 200 ml of TAE 1X buffer (the buffer level should only be slightly higher than the gel). Add 20 µl of SybrGold.
35) Carefully and slowly separate the two glass plates by using the spacers as a wedge. The top short glass plate should come off.

36)
Leaving the gel on the long glass plate, hold the upper corners of the plate with the gel facedown into the buffer with nucleic acid stain. The gel should slowly come off the glass plate when it makes contact with the buffer. Stain for at least 20 min, with cover on and in the dark (place aluminum paper over the box). No destain is necessary.
37) Transfer the gel to the UV transilluminator and photograph with Gel Doc system.

NOTE: At this step, the gel should be carefully handled to prevent tearing. The UV table should be wet with MilliQ or 1X TAE buffer before placing the gel. To transfer the gel, position a large plastic spatula (or piece of plastic as large as the gel) under the gel in the plastic container. Try to drain most of the buffer from the gel before transferring onto the UV table. Place an edge of the spatual or piece of plastic onto the UV table and let the gel slide on the table while moving away the piece of plastic in the opposite direction. The key to prevent tearing is to do it slowly and keep the gel lubricated with 1X TAE buffer.
38)
Take an image of the gel but limit the UV exposure time if there is to be band excision and sequencing. Dispose of the DGGE gel in the appropriate waste container as some residue of non-polymerized acrylamide is always present.
Running conditions: 

Operator: _______________________________

Date:     ____________ 
Voltage: _______V

Start time: __________  
Current:    ________mA

Stop time: __________  
Current:    ________mA
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