HC70AL     SPRING 2004     PROFESSOR BOB GOLDBERG

WEEK 1 (April 5 - 9, 2004)

INTRODUCTION OF COMMON TECHNIQUES USED IN MOLECULAR BIOLOGY

STRATEGY

I. MICROPIPETTING EXERCISE

II. DILUTION EXPERIMENT (ACCURACY AND PRECISION)

III. GEL ELECTROPHORESIS

IV. POLYMERASE CHAIN REACTION (PCR)

I. MICROPIPETTING EXERCISE

Reference:  DNA Science: A First Course, Second Edition

        Laboratory 1: Measurements, Micropipetting, and Sterile Techniques

        
        pp. 327-328

Solutions Needed:
· Four Solution Tubes Labeled I-IV

Apparatus Needed:

· Pipetman (P-20, P-200 & P-1000)

· Microcentrifuge tubes

· Pipette Tips 

MICROPIPETTING EXERCISES

Reference:  DNA Science: A First Course, Second Edition

        Laboratory 1: Measurements, Micropipetting, and Sterile Techniques

        pp. 327-328

I. Small Volume Micropipettor Exercise

This exercise simulates setting up a reaction, using a micropipettor with a range of 0.5-10 (l or 1-20 (l.

1.  Use a permanent marker to label three 1.5-ml tubes A, B, and C.

2.  Use the matrix below as a checklist while adding solutions to each reaction tube.

	Tube
	Sol. I
	Sol. II
	Sol. III
	Sol. IV

	A
	4 l
	5 (l
	1 (l
	-

	B
	4 (l
	5 (l
	-
	1 (l

	C
	4 (l
	4 (l
	1 (l
	1 (l


3.  Set the micropipettor to 4 (l and add Solution I to each reaction tube.

4.  Use a fresh tip to add appropriate volume of Solution II to a clean spot on reaction Tubes A, B, and C.

5.  Use a fresh tip to add 1 (l of Solution III to Tubes A and C.

6. Use a fresh tip to add 1 (l of Solution IV to Tubes B and C.

7.  Close tops.  Pool and mix reagents by using one of the following methods:


a.  Sharply tap the tube bottom on the bench top.  Make sure that the drops have 
pooled into one drop at the bottom of the tube.


     or

b.  Place the tubes in a microfuge and apply a short, few-second pulse.  Make sure 
that the reaction tubes are placed in a balanced configuration in the microfuge 
rotor.  Spinning tubes in an unbalanced position will damage the microfuge 
motor.

8.  A total of 10 (l of reagents was added to each reaction tube.  To check that the measurements were accurate, set the pipette to 10 (l and very carefully withdraw solution from each tube.


a.  Is the tip just filled?



or


b.  Is a small volume of fluid left in tube?



or


c.  After extracting all fluid, is an air space left in the tip end? (The air can be displaced and actual volume determined simply by rotating volume adjustment to push fluid to very end of tip.  Then, read the volume directly.)

9.  If several measurements were inaccurate, repeat this exercise to obtain a near-perfect result.

II.  Large-Volume Micropipettor Exercise

This exercise simulates a bacterial transformation or plasmid preparation, for which a 100-1000-(l micropipettor is used.  It is far easier to mismeasure when using a large-volume micropipettor.  If the plunger is not released slowly, an air bubble may form or solution may be drawn into piston.

1.  Use a permanent marker to label two 1.5-ml tubes D and E.

2.  Use the matrix below as a checklist while adding solutions to each reaction tube.

	Tube
	Sol. I
	Sol. II
	Sol. III
	Sol. IV

	D
	100 l
	200 (l
	150 (l
	550 (l

	E
	150 (l
	250 (l
	350 (l
	250 (l


3.  Set the micropipettor to add appropriate volume of Solutions I-IV to reaction tubes D and E.  Follow the same procedure as for the small-volume micropipettor.

add Solution I to each reaction tube.

4.  A total of 1000 (l of reactants was added to each tube.  To check that the measurements were accurate, set the pipette to 1000 (l and very carefully withdraw solution from each tube.


a.  Is the tip just filled?



or


b.  Is a small volume of fluid left in tube?



or


c.  After extracting all fluid, is an air space left in the tip end? (The air can be displaced and actual volume determined simply by rotating volume adjustment to push fluid to very end of tip.  Then, read the volume directly.)

5.  If several measurements were inaccurate, repeat this exercise to obtain a near-perfect result.

II.  DILUTION EXPERIMENT (ACCURACY AND PRECISION)

Solutions Needed:

· DNA Stock (Unknown Concentration)

· TE Buffer

Apparatus Needed:

· Microcentrifuge tubes
· Nanodrop Spectrophotometer
· Kim Wipes
· P-200, P-20 Pipetman
Dilution of a DNA Stock

1. Label 3 microcentrifuge tubes as dilution tubes number 1, 2 and 3.

2. Pipet 90 µl of TE buffer solution into each microcentrifuge tube. (Use the P-200 pipetman)

3. Pipet 10 µl of your DNA stock solution into each microcentrifuge tube. (Use the P-20 pipetman)

4. Vortex the contents of your tubes and use the centrifuge to ensure that all of your solution is in the bottom of the tube.

5. Use the Nanodrop Spectrophotometer to determine the concentration of your DNA stock solution. (Read the instruction on how to use the Nanodrop Spectrophotometer)

6. Determine the precision and accuracy of your readings.

II. GEL ELECTROPHORESIS

Reference: Sambrook et al. (1989). Molecular Cloning Manual.

Solutions Needed:
· Agarose

· 1X TAE buffer

· 10mg/mL Ethidium Bromide (EtBr)

· 6X Loading Dye containing xylene cyanol and bromophenol blue dyes

Apparatus Needed:

· Gel cast

· Gel box

· Cables

· Gel comb

· Plastic (Saran) wrap

PROCEDURE

1. Measure out X grams of agarose (powder) depending on the final percentage of agarose in the gel.

Example: If you want to make a 1% agarose gel (1 g/100 mL, w/v), weigh out 1g of agarose for 100 mL of agarose solution

2. Carefully, put the agarose in a 250-mL Erlenmeyer flask.

3. Measure out 100 mL of 1X TAE buffer using a plastic or glass graduated cylinder.

4. Add 100 mL of 1X TAE buffer into the flask in step 2.

5. Cover the flask with a piece of plastic wrap. Poke 3-4 holes on the plastic wrap using a pointed end of a pencil or pen (note: the holes allow the steam to escape during microwaving in step 6 below). Swirl the solution to break up any lumps of agarose granules.

6. Microwave the solution for about 2 minutes or until the agarose granules have completely melted.

· Be careful with the flask.  The solution gets very hot.

· Constantly watch over the solution because when it starts boiling, it might overflow.

· Swirl gently the solution several times while microwaving to help melt agarose evenly.

· Once the agarose has melted completely, the solution is clear.

· Once the agarose has melted completely, the solution is clear.

7. Cool down the agarose solution for at least 30 min in a 55ºC water bath.

8. While the agarose solution is cooling, prepare the gel cast with the appropriate comb.   

· The comb depends on the number of PCR samples.  For example, if there are 31 samples, then a 40-tooth comb is needed.

· Remember to add two more wells to the number of wells needed for the samples. These two wells will be for loading 1kb DNA ladder in the first and the last wells.

9. Add 2L of loading dye in newly labeled microcentrifuge tubes for each PCR sample. The tubes are labeled according to the samples.

10. Aliquot 10 L of PCR sample into microcentrifuge tubes.

11. After the agarose solution has been cooled down, add to it 5 L of Ethidium Bromide (EtBr) and swirl to mix.

12. Pour the agarose/EtBr solution into the gel cast.  Wait for 30 min for the agarose solution to solidify.

13. Pour ~600 mL of 1X TAE buffer into the gel box.

14. After the agarose has solidified into a gel, take out the comb gently and put the gel in the gel box.

15. Load the samples starting from the second well. Note: the first well will contain the 1kb DNA ladder.

16. Load 10 L of diluted 1kb DNA ladder solution (50 ng of DNA/L) into the first and the last wells.

17. Add 10 L of 10 mg/mL of EtBr to the anode (positively charged) of the gel box. (The anode is the opposite side from wells)

· Ethidium bromide is positively charged. Therefore, it migrates towards the negative end of the gel box from anode to cathode. (Opposite direction from DNA migration)

· Remember that DNA is negatively charged; so, it migrates to the positive end of the gel. (DNA migrates from cathode to anode)

18. Put the lid of the gel box on the gel box and connect the electrodes to the power supply (RED to RED and BLACK to BLACK).

19. Turn on the voltage of the power supply to ~ 94 volts for ONE gel (or ~130 volts for TWO gels connected to the same power supply) and wait for ~2 hrs or until the front dye (bromophenol blue or BPB) has migrated two-thirds of the gel length. 

Note: the amount of voltage and duration of running the gel(s) depend on types of the power supply and gel-electropheris systems made by different manufacturers (such as Bio-Rad, Owls System, or Invitrogen). For example, it would take ~1.5 hours or 2.5 hours for the BPB dye migrating to two-thirds of the gel for a Bio-Rad or Owls gel-electrophoresis systems, respectively, at 78 volts.

20. Turn off the power supply.
21. Remove the lid of the gel box. Put the gel on its gel cast into a small plastic container and bring the container to room 2828.
Caution: it is a MUST to put the gel into a plastic container so that the gel would 

NOT slide off the gel cast, fall on the floor and be broken into pieces while walking to a different room (2828) for taking a picture of the gel.

22. Take a picture of the gel using the BioRad Gel Document System in room 2828. 

23. Label the picture using a text program of the Gel Document System (your TA will show you how).

24. Print out the picture.

25. (Optional) Label the picture by: 

· putting a piece of white tape (on the picture) at a position immediately above the wells, 

· marking samples corresponding to all wells

· putting the labeled picture a glassine envelope (obtain the envelope from your TA) that is pasted on a sheet of paper.

III. POLYMERASE CHAIN REACTION (PCR)

Reagents and Apparatus Needed:

· 10x Ex-Taq buffer (PanVera Inc.) came with the Ex-Taq DNA polymerase

· dNTP mix (PanVera Inc.) came with the Ex-Taq DNA polymerase

· Ex-Taq DNA polymerase (PanVera Inc.)

· Sterile water

· 12 M Forward primer

· 12 M Reverse primer

· 0.2 ng/L Arabidopsis genomic DNA

· 1.5 mL sterile microcentrifuge tubes

· 0.2 mL sterile microcentrifuge (or PCR) tubes

· P-20 pipetman

· P-200 pipetman

· Filtered Pipet tips (1-40 L and 1-200 L) for PCR

· Rack for 1.5 mL microcentrifuge tubes

· PCR Rack for 0.2 mL microcentrifuge tubes

· Gloves

· Black Ultra-fine sharpie pen

· Ice bucket or plastic container

· Microcentrifuge

· PCR machine (MyCycler, BioRad)

PROCEDURE

Note: ALWAYS wear gloves when performing PCR preparation to prevent contamination.

· Get ice from an icemaker in room 2911.

· Thaw out tubes of 10x Ex-Taq buffer and dNTP mix on a microcentrifuge rack for 1.5 mL microcentrifuge tubes at room temperature for 5-10 minutes. Once the solutions are thawed out, put the tubes on ice until needed.

· Thaw out Forward and Reverse primer solutions corresponding to a gene to be knocked out at room temperature as in step 2.

· Obtain FOUR 0.2-mL sterile microcentrifuge (or PCR) tubes and set them on a PCR rack for 0.2 mL microcentrifuge tubes.

· Label Name and Date on the lids and sides of the tubes as follows: (your TA will show you how to write on the tubes)

Tube #1: "Name of a gene" to be knocked out (same name as primer's gene)

Tube #2: Neg. 1 (Negative control for the gene to be knocked out containing same 

components as in tube #1, but NO genomic DNA)

Tube #3: Con (Control serving as the positive control for PCR amplification)

Tube #4: Neg. 2 (Negative control for Control containing same components as in 


tube #3, but NO genomic DNA)

· Obtain TWO 1.5 mL microcentrifuge tubes and set them on a rack for 1.5 mL microcentrifuge tubes.

· Write on the lids of the tubes with black ultra-fine sharpie as "Mmix 1" (for Master mix 1) and "Mmix 2". Keep the tubes on ice.

· Prepare Master Mix (Mmix) solutions for 3 reactions (2 samples + extra) as follows:

Mmix#1 for tubes #1 & 2 

Mmix#2 for tubes # 3 & 4  (as in step 5 above)

	
	1 reaction
	Mmix 1
	Mmix2

	Arabidopsis genomic DNA (0.2 ng/L)
	2.0 L
	-------
	-------

	Sterile water
	36.5 L
	109.5 L
	109.5 L

	10x Ex-Taq buffer
	5.0 L
	15.0 L
	15.0 L

	dNTP mix
	4.0 L
	12.0 L
	12.0 L

	12 M Forward primer
	1.0 L
	3.0 L
	0.0 L

	12 M Reverse primer
	1.0 L
	3.0 L
	0.0 L

	12 M Con-1A primer
	0.0 L
	0.0 L
	3.0 L

	12 M Con-1B primer
	0.0 L
	0.0 L
	3.0 L

	Ex-Taq DNA polymerase (5 Units/L)
	0.5 L
	1.5 L
	1.5 L

	Total volume
	50.0 L
	144.0 L
	144.0 L


a. Pipet into each tube the reagents with order from top down (example: water, 10x Ex-Taq buffer, dNTP mix, etc.)

b. After pipetting all reagents into the master mix tubes, close the lids of these tubes. Mix the contents by vortexing for 5 seconds. Spin tubes in a microcentrifuge at full speed (13,200 rpm) for 10 seconds. Put the tubes back on ice.

· Prepare PCR-reaction tubes by 

a. pipetting 48 L of the Mmix solution into PCR tubes (see table below)

b. pipetting 2 L of DNA or water to tubes #1-4. Immediately, mix the contents by pipetting up and down at least five times

	
	Tube #1
	Tube #2

	Tube #3
	Tube #4

	Mmix 1
	48 L
	48 L
	0 L
	0 L

	Mmix 2
	0 L
	0 L
	48 L
	48 L

	Arabidopsis genomic DNA
	2 L
	0 L
	2 L
	0 L

	Sterile water
	0 L
	2 L
	0 L
	2 L

	Total volume
	50 L
	50 L
	50 L
	50 L


· Turn on the PCR machine (MyCycler) by pressing and holding the "Standby" button for a few seconds.

· Put the PCR tubes in the wells of the 96-well hot plate of the MyCycler.

· Select the "Protocol Library" by pressing "F1" button.

· Select "Knockout" protocol by pressing yellow arrowheads surrounding the "ENTER" button. Once it is selected, the "Knockout" protocol is highlighted. Press the "ENTER" button.

· Under the "Choose Operation" window, "Run Protocol" is highlighted. Press the "ENTER" button to run the protocol.

· Press "F5" button to "Begin Run" the protocol.
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