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Important notes before you begin:

· A set of reagents should be purchased for RNA work only.  Label these and keep them separate from general lab chemicals.  

· Powder free gloves should be worn at all times when working with RNA and RNase-free reagents.

· RNase-free sterile aerosol barrier tips should be used for all procedures.

· Store RNA samples at –80oC, and avoid repeated freeze/thaw.

· Treat gloves and work surfaces with RNase Away frequently.

I. Reagents & Materials

The materials section lists recommended reagents and supplies.  Many of these may be substituted with an equivalent product, but those listed are known to work well. Not all reagents are specifically listed as RNase-free, however when treated as RNase-free and only used for RNA related procedures, they have worked well.

· 15 mL conical tubes, Corning #430052

· 100% Isopropanol, Mallinckrodt AR #3032

· 1.7mL microfuge tubes, Marsh Bioproducts, #T5050G

· RQ1 Dnase, Promega, #M610A

· RNeasy 50 kit, Qiagen, #74104

· Sea Kem LE Agarose, BioWhittaker Molecular Applications, #50000

· Northern Max-Gly Gel Prep/Running Buffer, Ambion, #8678

· Glyoxal Sample Loading Dye, Ambion, #8551

· 0.24-9.5 Kb RNA ladder, Life Technologies, #15620-016

· RNase-free water (Sterile water for injection), Baxter #2F7115

· RNase Away, Fisher, 53225-514

· Lysozyme, Sigma #L-7651

· TE (100X), Sigma #T-9285

II. 
RNA Preparation

A. Culture Preparation

1. Culture P. aeruginosa strains overnight.  Typically 10 ml LB or other media in 125 ml beveled flask.

2. Dilute overnight culture to 1.0 OD600. Inoculate 25 ml media with 0.25 ml of diluted culture in a 250 mL beveled flask for a final O.D. of 0.01. Shake at 300 RPM at 37oC.

3. Grow cultures to appropriate density, as previously determined by growth curves or experimental constraints. I harvest RNA from wildtype strains grown in LB when culture density reaches an OD600 of 0.5 (mid-log).

B. Extraction/Preparation of total RNA


1. 
Make 10 mL 1 mg/mL lysozyme in Rnase-free TE.

The following steps should be done quickly and consistently, to minimize variation between RNA preps.

2. 
Pellet 2X 1.5 ml of culture in microcentrifuge (1 minute at max speed, RT)

3. Completely remove supernatant with p1000 and p100 pipettes. Incomplete removal of supernatant will result in low RNA yield.  Be careful not to disrupt the pellet, this will lead to variable RNA yield.

AT THIS POINT USE RNASE-FREE TECHINQUE

4. 
Add 100 uL 1 mg/mL lysozyme

5. 
Resuspend by pipetting

6.
Incubate five minutes at room temperature.

7.
Continue w/ Qiagen Rneasy bacterial RNA prep method. In step 8a, do 2 5-minute spins and clean rim of column w/ pipet between spins.  Elute in 2x 40 uL dH20.  Speedvac 50 degrees 2’, Spec 1:25 dilution.

8.
Dnase treat: Add 10 uL RQ1 Buffer, 10 uL RQ1 Enzyme for 1 hr at 37 degrees.

C. RNA size-fractionation

Pseudomonas expresses large amounts of tRNA that is prefentially removed during this step by size fractionation (Figure 1). Fractionation is performed using the Qiagen RNeasy kit.  ***ADD ßME if necessary***
Aliquot both total and fractionated RNA to avoid freeze-thaw.

1. Follow the RNeasy cleanup protocol. Elute from column with 30 ul d.H20 2X for a final volume of 60 ul.

2. Speed vac sample at 55 oC for 2 minutes to remove any ethanol contamination.

3. Accurately measure the concentration of fractionated RNA as above.  I use a 1:25 dilution. Expect about 40-50% recovery.

4. Store RNA samples at –80 oC.

D. Quality control/Agarose gel analysis

For quality control pre- and post-fractionated RNA samples are glyoxylated and analyzed by agarose gel electrophoresis using the Ambion NortherMax-Gly system. 

1. Cast a 1% agarose gel using RNase-free agarose and 1X NorthernMax-Gly Gel Prep/Running buffer. The same 1X buffer is used for running gels. 

2. Glyoxylate 3ug of RNA (both pre- and post fractionation) by diluting 3ug RNA in a total of 5 ul d.H2O.  Add 5 ul Glyoxal Sample Loading Dye to each sample. Gyloxylate a suitable RNA ladder as above to run for size comparison. I use 3 ug of 0.24-9.5 Kb RNA ladder. (3 uL ladder + 3 uL Glyoxal Sample Loading Dye).

3. Heat at 50oC for 30 minutes to glyoxylate.

4. Run gel at 5V/cm as measured between electrodes. (120V for 35-40 min). Gels do not need to be stained as the glyoxal Loading Buffer contains ethidium bromide. 

5. The 23s and 16s rRNA should give clear bands and the tRNA, which runs below 200 bases, should be significantly reduced (Figure 1). It will be minimal in all samples because much of the tRNA is removed in the initial pass through the column.

6. Proceed to cDNA Synthesis and Labeling Protocol
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Figure 1. Agarose gel analysis of fractionated RNA samples. 3 ug of different RNA samples are shown. 

P. aeruginosa cDNA Synthesis and Labeling Procedures

This procedure describes the assay recommended for use with Pseudomonas aeruginosa expression arrays.  The assay utilizes reverse transcriptase and a semi-random primer to produce DNA complementary to the RNA.  The cDNA products are then fragmented by DNase I and labeled with biotinylated nucleotides at the 3’ termini mediated by terminal transferase. 

I. Reagents & Materials

The following reagents and materials are recommendations only.

A. cDNA Synthesis and Labeling
•
100 mM dATP, dCTP, dGTP, dTTP, Amersham Pharmacia Biotech, #27-2035-01 (Prepare a mix of all 4 dNTPs at final concentration of 10 mM each).

· Superscript II Reverse Transcriptase, Invitrogen Life Technologies, #18064-071

· RNase Inhibitor, Ambion,  #2684

· (NS)5 Oligonucleotide, Invitrogen Life Technologies, Custom oligonucleotide order 

(5’NSNSNSNSNS 3’, where N=A,T,C, or G and S=C or G), 250ng/uL in Rnase-free dH20.

· Spike transcripts, see Preparation of Control Spike transcripts protocol.

· QIAquick PCR Purification Kit, Qiagen, #28104

· 10X One-Phor-All Buffer, Amersham Pharmacia Biotech, #27-0901-02

· DNase I, RNase-free, Roche Molecular Biochemicals, #776785
· Enzo BioArray Terminal Labeling Kit, Affymetrix,  #900181

· 1N NaOH solution, VWR, #MK469360

· 1N HCl solution, VWR, #MK638860

· Ready-load 100 bp DNA ladder, Invitrogen Life Technologies, #10380-012
· GelStar Nucleic acid gel stain, FMC, #50535
B. Array Hybridization and Processing

· MES Free Acid Monohydrate SigmaIUltra, Sigma Chemical, #M5287

· MES Sodium Salt; Sigma Chemical, #M3885

· EDTA disodium Salt, 0.5M solution, Sigma Chemical, #E7889

· Tween-20, 10% solution, Pierce Chemical, #28320

· RNase-free water (Sterile water for injection), Baxter #2F7115
· 5M NaCl RNase-free, DNase-free, Ambion, #9760G

· Control Oligo B2, HPLC purified, Affymetrix, #900301

· Acetylated Bovine Serum Albumin (BSA) solution (50 mg/ml), Invitrogen Life Technologies, #15561-020

· Herring Sperm DNA, Promega/Fisher Scientific, #D1811

· 100% DMSO, Sigma, #D2650

· ImmunoPure Streptavidin, 1 mg/ml, Pierce Chemical, #21125

· Goat IgG, Reagent Grade, Sigma Chemical, #I 5256 

· Anti-streptavidin antibody (goat), biotinylated, Vector Laboratories, #BA-0500

· R-Phycoerythrin Streptavidin, Molecular Probes, #S-866

· 20X SSPE, BioWhittaker, #16-010Y

C. Miscellaneous Materials

· RNase-Free 1.7 ml microfuge tubes

· RNase-free sterile aerosol barrier pipet tips

· Thermocycler

· RNase-free PCR tubes

· Horizontal gel electrophoresis unit

· Temperature controlled hybridization oven or 50oC incubator with tumbler for hybridizations

D. Reagent Preparation


12X MES Stock  

(1.22M MES, 0.89M [Na+])

For 1000 mL:
70.4 g MES free acid monohydrate

193.3 g MES Sodium salt

800 ml of Molecular Biology Grade Water

Mix and adjust volume to 1000 ml.  The pH should be between 6.5 and 6.7.

Filter through a 0.2 µm filter

Store at 2-8°C and shield from light

2X MES Hybridization Buffer 

(100 mM MES, 1M [Na+], 20 mM EDTA, 0.05% Tween 20)
For 50 mL:
8.3 mL of 12 X MES Stock Buffer

17.7 mL of 5M NaCl

4.0 ml of 0.5M EDTA

0.1 mL of 10% Tween 20

19.9 mL of water 

store at 2-8°C and shield from light

Non-Stringent Wash Buffer (A)

(6X SSPE, 0.01% Tween 20)

For 1000 mL:
300 mL of 20X SSPE

1.0 mL of 10% Tween-20

698 mL of water

Filter through a 0.2 µm filter

Stringent Wash Buffer
(B)

(100 mM MES, 0.1M [Na+], 0.01% Tween 20)

For 1000 mL:
83.3 mL of 12 X MES Stock Buffer

5.2 mL of 5M NaCl

1.0 mL of 10% Tween 20

910.5 mL of water 

Filter through a 0.2 µm filter

store at 2-8°C and shield from light

2X Stain Buffer

(final 1X concentration: 100 mM MES, 1M [Na+], 0.05% Tween 20)

For 250 mL:
41.7 mL 12X MES Stock Buffer

92.5 mL 5M NaCl

2.5 mL 10% Tween 20

112.8 mL water

Filter through a 0.2 µm filter

store at 2-8°C and shield from light

10 mg/mL Goat IgG Stock

Resuspend 50 mg in 5 mL PBS. Store at 4°C.

II. cDNA Synthesis and Labeling

A. cDNA Synthesis

The following protocol starts with 12 µg of size fractionated RNA per sample. The incubation is performed in a thermocycler with RNase-Free PCR tubes.  

· Prepare the following mixture for primer annealing:

	Components
	Volume or Amount
	Final Concentrations

	fractionated RNA
	12 µg
	0.33 µg/µl

	(NS)5 Primer (250ng/µl)
	3 µl 
	25 ng/µl

	Spike Transcript
	 2 µl
	-

	DI H2O
	Up to 30 µl
	-


Note:  Spike controls containing RNA transcripts from Yeast, Arabidopsis and B. subtilis genes.  The concentration of various spikes are varied from 1-10 pM (final hybridization concentration). 

1. Place the mix at 70(C for 10 minutes, 25(C for 10 minutes and hold at 4(C.

2. Prepare the following reaction mix for cDNA synthesis:

	Components
	Volume/Amount
	Final Concentration

	5X 1st Strand Buffer
	12 µl
	1X

	100 mM DTT
	6 µl
	10  mM

	10 mM dNTPs
	3 µl
	0.5 mM

	RNaseIN (40 U/µl)
	1.5 µl
	1.0 U/µl

	SuperScript II (200U/µl)
	7.5 µl
	25 U/µl


3.   Incubate the reaction at 25(C for 10 minutes, 37(C for 60 minutes and 42(C for 60 minutes; then inactivate the enzyme at 70(C for 10 minutes and hold at 4(C.

B. Removal of RNA

1. Transfer reactions to 1.7 ml microfuge tubes

2. Add 20 µl of 1N NaOH and incubate at 65(C for 30 minutes

3. Neutralize w/ 20 uL of 1N HCl. Final volume is 100uL.

C. Purification and quantitation of cDNA synthesis products

1. Use the QIAquick PCR Purification Kit to clean-up the cDNA synthesis product (for detailed protocol, see Protocol provided by the supplier). 

2. Removal of all residual ethanol from the Qiagen column is critical for the success and reproducibility of the next step.  To ensure ethanol removal, spin the column two times for five minutes at high speed, wiping the inside rim of the column and replacing the collection tube between spins.  It may also be necessary to blot any remaining ethanol from the inner beveled edge of the column with a kimwipe.

3. Elute cDNA from the QIAquick column with 30 µl of dH20, 2 times for a final elution volume of 60 µl.

4. Speed vac the sample for 2 minutes at 55(C to remove any residual ethanol.

5. Quantitate the purified cDNA product by 260 nm absorbance (1.0 A260 unit = 33 µg/ml of single strand cDNA).  Use a 1:25 dilution in d.H2O.

6.
Save 3.5 ul for analysis by agarose gel electrophoresis in step E.

Note:  Typical yields of cDNA are 4-7 µg per 60ul of eluted product.

D.
cDNA Fragmentation

· Prepare the following reaction mix on ice:

	Components
	Volume/Amount
	Concentration

	10X One Phor-All Buffer
	5 µl
	1X

	 cDNA 
	35 ul (3-6 µg)
	-

	DNase I (Roche)*
	X µl
	0.06U/µg of cDNA

	DI H2O
	Up to 50 µl
	-


Note:
Use 1X One Phor-All buffer for the dilution of DNase I from stock solution prior to the fragmentation reaction. The amount of DNaseI required can vary from supplier to supplier and a titration experiment should be performed with each new batch of enzyme.

•
Currently I dilute the DNase I to 0.06U/ul and add 1.0 ul per ug of cDNA in the fragmentation reaction. 

(Diluting DnaseI: 6 uL + 94 uL 1x OnePhorAll. 10 uL of that + 90uL 1x OnePhorAll)

•
Add diluted DNase I last , mix and immediately begin incubation.

•
Incubate the reaction at 37(C for 9 minutes exactly, then inactivate the enzyme at 98-100(C for 10 minutes. (Again, this may have to be re-optimized).

E.
Quality control/Agarose gel electrophoresis

For quality control pre- and post-fragmented cDNA samples are analyzed by agarose gel electrophoresis (Figure 2).  It can help to also  run a polyacrylamide gel for better resolution at the lower end of the smear.

1. Cast a 2% agarose gel containing GelStar Nucleic Acid Gel Stain at a dilution of 1:10000 using either TAE or TBE buffer. 

2.
Analyze 5 ul (~500ng) of fragmented cDNA and 3.5 ul of unfragmented cDNA (~500ng) as a control, in a suitable gel loading buffer (xylene cyanol). Use 2.5 ul (250ng) of Ready-load 100 bp DNA Ladder as marker for size determination. For comparison between samples, always run the gel at the same voltage and duration, using the same width comb. We run the gels at 128mV for 35 minutes. The desired fragmentation result should yield a majority of the DNA fragments within a distribution of 50-200 bases (Figure 2).  
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F.
Terminal Labeling

Use Enzo BioArray( Terminal Labeling Kit with Biotin-ddUTP to label the 3’ termini of the fragmentation products.  Follow the general guideline and procedures according to the kit insert.  

1.
Prepare the following reaction mix:

	Components
	Volume/Amount

	5X Reaction Buffer
	12 µl

	10X CoCl2
	6 µl

	Biotin-ddUTP
	1 µl

	Terminal Deoxynucleotide Transferase
	2 µl

	Fragmentation Product
	40 µl


2. Incubate the reaction at 37(C for 60 minutes.

3. Store the labeled products at –20(C or proceed with hybridization.

III. Array Hybridization and Processing

Follow the general instruction about probe array, fluidic station and scanner described in the Affymetrix Expression Analysis Technical Manual, Chapter 5 (Target Hybridization) and Chapter 6 (Washing, Staining, and Scanning Probe Arrays). For additional details refer to the GeneChip P. aeruginosa Genome Array Expression Analysis Protocol that is provided with P. aeruginosa GeneChips. 

A. Hybridization

1.
Prepare the following hybridization mix:

	Components
	Volume/Amount
	Final Concentration

	2X MES Hybridization Buffer
	65 µl
	1X

	3 nM B2 Control Oligo
	2.17 µl
	50  pM

	10 mg/ml Herring Sperm DNA
	1.3 µl
	0.1 mg/ml

	50mg/ml BSA
	1.3 µl
	0.5 mg/ml

	100% DMSO
	9.8 µl
	7.5%

	Fragmented/Labeled cDNA
	51 µl
	-


· Prewarm array to room temp.

· Add 130 µl of hybridization mix to the array. Put stickers over ports to avoid evaporation; be sure to use stickers that leave no sticky residue.

· Incubate at 50(C for 15 hrs with tumbling.

B. Washing and Staining

Following hybridization, the wash and stain procedures are carried out by the fluidics station using the modified FlexMidi_euk2v3 fluidics script (refer to the GeneChip P. aeruginosa Genome Array Expression Analysis Protocol). The procedure takes approximately 90 minutes to complete. 

· Prepare the following stain and wash solutions the day of the procedure. Volumes given are sufficient for one probe array. Always prepare the Streptavidin Phycoerythrin (SAPE) stain solution immediately before use.

1. Streptavidin Solution Mix

	Components
	Volume
	Final Concentration

	2X MES Stain Buffer
	250 µL
	1X

	50 mg/mL BSA
	20 µL
	2 mg/mL

	1 mg/mL Streptavidin
	5 µL
	10 µg/mL

	DI H20
	225 µL
	

	Total
	500  µL
	


2. Antibody Solution Mix
	Components
	Volume
	Final Concentration

	2X MES Stain Buffer
	250 µL
	1X

	50 mg/mL BSA 
	20 µL
	2 mg/mL

	10 mg/mL Normal Goat IgG 
	5 µL
	0.1 mg/mL

	0.5 mg/mL Biotin Anti-streptavidin
	5 µL
	5 µg/mL

	DI H20
	220 µL
	

	Total
	500  µL
	


3. SAPE Solution Mix
	Components
	Volume
	Final Concentration

	2X MES Stain Buffer
	250 µL
	1X

	50 mg/mL BSA
	20 µL
	2 mg/mL

	1 mg/mL Streptavidin-Phycoerythrin
	5 µL
	10 µg/mL

	DI H20
	225 µL
	

	Total
	500  µL
	


· In the Fluidics Station dialog box on the workstation, select the correct experiment name from the drop-down Experiment list. The probe array type will appear automatically.

•
Select the PK_pseud3stain protocol to control the wash and staining procedures.

Note:  Make certain the parameters for the fluidic protocol are as described below:

	
	Modified Fluidics Protocol for  P. aeruginosa

	Post Hyb Wash #1
	10 cycles of 2 mixes/cycle with Wash Buffer A at 25oC

	Post Hyb Wash #2
	4 cycles of 15 mixes/cycle with Wash Buffer B at 50 oC

	Stain
	Stain the probe array for 600 seconds in Streptavidin  Solution Mix at 25 oC

	Post Stain Wash
	10 cycles of 4 mixes/cycle with Wash Buffer A at 30 oC

	2nd Stain
	Stain the probe array for 600 seconds in antibody solution mix at 25°C

	3rd Stain
	Stain the probe array for 600 seconds in SAPE Solution at 25 oC

	Final Wash
	15 cycles of 4 mixes/cycle with Wash Buffer A at 30 oC.  The holding temperature is 25 oC.

	Wash Buffer A = non-stringent wash buffer

Wash Buffer B = stringent wash buffer


•
Follow the instructions displayed on LCD screen of the fluidic station.  

•
Upon the completion of the procedure, keep the probe arrays at 4°C and in the dark until ready for scanning.  I scan immediately after the wash.  

 C. Scanning

The scanner is controlled by Affymetrix® Microarray Suite. The probe array is scanned after the wash protocols are complete. Make sure laser is warmed up prior to scanning by turning the laser on at least 15 minutes before use. If probe array was stored at 4°C, warm to room temperature before scanning.

I.  Choose Scanner from the Run menu. Alternatively, click the Start Scan icon in the tool bar.

II. The Scanner dialog box will appear with a drop-down list of experiments that have not been run. A scrollable window will also be displayed showing previous scans. Choose the experiment name that corresponds to the probe array to be scanned. A previously run experiment can also be chosen from the Previous Experiments list by double- clicking on the name desired.

III. Once the experiment has been selected, click the Start button.

IV. A dialog box will prompt the user to load a sample into the scanner.

V. Open the sample door on the scanner and insert the probe array into the holder. Do not force the probe array into the holder. Close the sample door of the scanner.

VI. Click OK in the Start Scanner dialog box.
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Figure 2.  2% Agarose gel analysis of pre- and post-fragmented cDNA. Left, three samples of total cDNA (~500ng/lane). Right, same cDNA samples following DNase I fragmentation. Outside lanes were loaded with 200 ng of Ready-load 100 bp DNA Ladder for size determination. GelStar Nucleic Acid Gel Stain (1:10000) was included in the gel for visualization. Note that the majority of cDNA fragments are 50-200 bp.





WARNING


In order to get good hybridization and signal intensity fragmentation should yield a majority of the DNA fragments within a distribution of 50-200 bases.  If a significant amount of cDNA is lost do to overdigestion or fragments are too large do not proceed.
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