In Situ Hybridization 

Ressler / Sullivan methodology, originally acquired from Giovanna Marrazzi and David Sassoon (Again modified by Scott 2003-2004)

(note:  this protocol was originally formulated for paraffin sections.  We have since found that cryostat sections work quite well and also allow parafilm to be used during the hyb step instead of siliconized coverslips… all of which saves tremendous time.  Parafilm to cover sections that have been paraffin embedded appears to increase background, possibly due to residual solvent that may partially dissolve parafilm.  This protocol has been worked up to be able to in parallel screen 4-10 different probes on as many as 150 slides total.  For most of the slide washing steps, (prehyb and wash) we use the Tissue-Tek staining racks and dishes which allow the parallel processing of 24 slides per rack).

A. Tissue Preparation 

B. Tissue Sectioning  

C. Prehybridization 

D. Preparation of Probe 

E. Hybridization 

F. Washing 

G. Autoradiography 

H. List of Reagents 

It is important to read through this protocol in its entirety and be familiar with all the materials that must be assembled in advance. The time required for each step will be noted as well as estimates on the time required when handling multiple probes, slide racks, etc. The listed materials have been used successfully in the past by several individuals from different labs. The first time through, one should use the recommended materials, but substitutes will be listed where known to work. It is recommended that you have someone familiar with the procedures help you the first time this protocol is used. Good luck! 

A. Tissue Preparation: 

1. Dissect in cold 1x PBS (or 4% Paraformaldehyde in 1x PBS) 

Organs from adult animals may need to be fixed by cardiac perfusion prior to dissection.. 

2. Fix the tissue overnight at 4 C in 4% paraformaldehyde/ 1x PBS 

(actually usually make about 1L at a time)

100 ml of 4% Paraformaldehyde/ 1x PBS: 

weigh 4.0 g of Paraformaldehyde 

add Sterile H2O to a volume of 50.0 ml 

add 10.0 ul of 10 N NaOH to the solution 

heat the solution to 65ƒC and mix until crystals dissolve 

add 10.0 ml 10x PBS

adjust pH to 7.2-7.4

Q.S. to 100 ml 

The solution can be stored at 4 C and used for up to 24 hours. 

Notes: Do Not fix more than 0.5 CC of tissue for each 50.0 ml of Paraformaldehyde 

i.e. 1x 18d , 2x 16 and 17d , 4 x 12 to 15 d embryos 

Late stage embryos may have to be dissected to ensure complete perfusion of the fixative. 

Bony / cartaligenous issue can be decalcified by adding 100mM EDTA/EGTA to the Paraformaldehyde. The tissue is left in the cold room for 3

days with continuous shaking. 

(The following step is for paraffin embedded tissue.  Alternatively, after rinsing the tissue in PBS, brains can be rapidly frozen in liquid nitrogen or crushed dry ice, and then used for cryostat sectioning)

3. Dehydrate the tissue through several changes of solutions 

a. 1x PBS 4C 60 minutes 

b. 0.85% NaCl 4C 60 minutes 

c. 50% ETOH/0.425% NaCl RT 30 minutes 

d. 70% ETOH (2x) RT 30 minutes 

e. 85% ETOH RT 60 minutes 

f. 95% ETOH RT 60 minutes 

g. 100% ETOH (2x) RT 60 minutes 

h. Xylene (3x) RT 30 minutes 

i. 1:1 Xylene/parafin 60ƒC 45 minutes 

j. Parafin (3x) 60ƒC 20 minutes 

Note: The tissue can be stored at 4ƒC after the second 100% ETOH wash if there is not enough time to finish the entire

process. 

The Xylene/paraffin wash can be done overnight to ensure complete perfusion of the tissue The parafin soaks should be allowed to continue longer than 20 minutes, but the first parafin soak should not be allowed to go overnight. The last parafin soak can go overnight in a vacuum oven to allow complete perfusion and to degas the tissue. Xylene must be kept away from the melted parafin. If it gets into the embedding parafin, the block will never be hard enough to get good sections. Paraffin has to be filtered before use. Have a ready supply of filtered and ready to be filtered parafin. This will become the limiting factor when working with a large number of tissue preparations. 
B. Tissue Sectioning: 

** with gelatinized slides, the % gelatin is crucial, too little gelatin and the sections fall off during wash steps, too much and there is no hybridization signal because the gelatin competes with the tissue for proteinase K digestion during the prehyb step.

Historically, gelatinized slides have been used, which the following protocol describes.  We are currently trying Fisherbrand Superfrost/Plus Microscope Slides precleaned  cat# 1255015 ( 25x 75 x1.0 mm) –without gelatin -- however whether they work as well remains to be seen. If they work as well they will be optimal both because of  time saved and they hold tissue more firmly.

1. Slide Preparation: 
Slides must be free of grease and gelatin coated. The slides used for this procedure were Corning Single Frosted Micro Slides

cat# 2948 (75mm x 25mm x 1mm) 

a. Place slides in metal racks and soak in hot tap water with detergent (Alconox). Keep the original slide boxes. 

b. Rinse the slides for 1 hour under running tap water. 

c. Rinse the slides under running distilled water for 15 minutes or longer 

d. Air dry or place in an oven at 40ƒC for 1 hour 

e. Boil 1 liter of RNase free water. Keep water stirring. 

f. When the temperature drops to 60ƒC, add 2 g of Gelatin type A (300 bloom; Sigma cat# G-2500) 

g. When the temperature reaches 50ƒC, add 0.1 g Potassium Chrome III Sulfate KCr(III)SO4 (EM Science cat# CX1605-2)

h. Allow the solution to cool to 35ƒC 

i. Dip each rack in the Gelatin solution for 1 minute then allow to dry on its side with the frosted portion down for 5 minutes. 

j. Repeat this procedure then dry the slides overnight at 35ƒC. 

k. Store the slides in the original boxes. Do Not touch the clear portion of the slides

Slides must be free of grease and gelatin coated. 

Cryostat Sectioning: 

a. Cryostat Leica CM3050S ( leica microsystems Nussloch GmbH).

b. Requirements: kimwipes, fine brush, pencil, slide box, tissue freezing medium for frozen tissue specimens. – everything kept as RNASE-free as possible, cleaned frequenty with 100% etoh.

c. Warm the frozen tissue block to cryostat temperature (-23C) by allowing the block to slowly equilibrate in the cryostat over about 0.5 hr after removal from the - 70 C freezer.

d. Make 10-20 um sections of rat brain with cryostat.

e. Thaw-mount the sections by gently pressing the sections against the slides (the tissue will thaw on contact with the slide).

f.  After getting all slide sections, store the slide boxes at - 70 C 

GLOVES must be worn at all times when handling the slides and the tissue. Maintain everything as RNase free. 

C. Probe Preparation: 

The probes for in-situ hybridization are riboprobes that are synthesized from a linearized plasmid template from the T7, T3 or SP6 RNA polymerase promoters. The template is linearized with an appropriate restriction endonuclease then treated with Proteinase K and phenol-chloroform extraction to ensure that the DNA is RNase free. The probes are continuously labeled with 35S-UTP or a combination of 35S-CTP and 35S-UTP. The isotope is dried in advance of the reactions and resuspended in the reagents from the riboprobe synthesis kit. 

1. Template Preparation: 

a) linearize plasmid with an appropriate restriction endonuclease. 

Incubate the reaction long enough to ensure complete digestion.

Linear Digest



5ul 
plasmid




2ul 
enzyme buffer – 10xBamH1 buffer




2ul 
10 x BSA




1.5ul 
enzyme – BamH1




total = 10.5ul 




+ 9.5ul dH20




20 ul total

2) incubate at 37C 2-3 hr  then add 30 ul dH20 to the 20ul reaction

3) Proteinase K treatment: to 50 ul DNA add: 

20ul PK buffer (Tris 7.4 10mM, EDTA 5mM)

5 ul 10% SDS 

2 ul PK (20 mg/ml stock in Tris 7.4 10mM, EDTA 5mM) 

123 ul dH2O 

(200 ul total)

4) incubate at 37C 2hr – O/N

a) Phenol-Chloroform extract 


add 50ul, spin, transfer top180

add 50ul, spin, transfer top 165

add 50ul, spin, transfer top 150

 

b) Add 1/16th volume 5M KAc and 2x volume 100% ethanol. 

Vortex and precipitate at -80C for 1hr->O/N



c) Thaw then Spin 20 minutes at max speed.



d) Wash




- Discard all but 100ul 

- add 300ul 75% Ethanol - spin 5 min

- discard all but bottom 10ul

e) dry vac 5 min & Resuspend in 30ul RNase-free H2O- shaker 5min, 55C 

f) adjust concentration to ~15 ng/ul :

run sample on 1% gel with high DNA mass ladder to determine concentration


-sample = 5ul sample +1ul 10x buffer + 4ul H2O =10ul


-ladder = 2ul, one side and 4ul on other side of sample


-concentration = volume of high DNA mass ladder (ie band concentration)




5ul (ie sample volume)

-concentrate in dryvac or dilute with H20

2. Probe Labeling: 

Labeling is performed with a Promega Riboprobe Combination System T3/T7 (cat # p1540). A reaction cocktail is assembled from Kit reagents with the exception of the enzyme. If a double label is used, replace the unlabeled nucleotide with dH2O. Rnasin is available from Promega. RNase Block from Stratagene may be substituted. 

a. Reaction Mix (1x) 

2.5 ul 

5x Buffer 

1.25 ul 
100 mM DTT 

1.25.0 ul each 
2.5 mM rNTP ( A, C, G) 

0.5 ul  

Rnasin 

3.5 ul  

35S-UTP 

b. Add 2.0 ul of the linearized template (30 ng-60 ng) 

c. Add 1.0 ul T7/T3/SP6 Polymerase (depends on the vector used) 

d. incubate at 37C for 45 min (in air incubator to avoid evaporation) 

e. add 0.5 ul Dnase RQ1 and incubate at 37C for 15 minutes 

f. Add 3.0 ul of Yeast RNA (10 mg/ml) 

g. Bring the volume to 50.0 ul with dH2O 

3. Probe Hydrolysis: cut RNA product to smaller hybridization fragments

a. Add 50.0 ul of hydrolysis solution: 

10.0 ul 
1 M DTT 

80.0 ul 
1 M NaHCO3 

120.0 ul 
1 M Na2CO3 

790.0 ul 
H2O 

b. Digest at 60C by the following criterion: 

Size (bp) Time (min.) 

300             15 

400             20 

600             25 

800             45 

1300           60 

c. Add 50 ul of  neutralization buffer: 

10.0 ul 
1M DTT 

200.0 ul 
1M NaAc 

10.0 ul 
Acetic Acid 

780.0 ul 
H2O 

4. Probe Purification: 

Note:  there remains controversy about using these home-made slow G50 columns vs. the commercially available riboprobe spin columns.  We’ve consistently found these to have lower bkgd, but would encourage you to do a comparison experiment between the two.

Prepare a slurry of G50 Sephadex 

a. swell a mixture of 1.0 g each Medium and Fine G50 ( for 7 columns) in 50 ml RNase Free dH2O. 

b. Spin down resin in the clinical centrifuge. 

c. Wash 3x in RNase Free dH2O. 

d. Equilibrate the resin in 50 ml 1x TE pH 7.5 

Prepare a Saturated Phenol Red Solution in RNase Free dH2O. 

Prepare fresh running buffer: 

0.5 ml 
1 M Tris pH 7.5 

0.5 ml 
0.5 M EDTA pH 8.0 0.5 ml 

0.5 ml 
10% SDS 

48.0 ml 
RNase Free dH2O 48.0 ml 

0.5 ml 
1 M DTT 

The DTT is added just prior to use. 

5. G50 Columns: 

a. Break the tip off of a Pasteur pipette. The tip should be broken where the glass flairs into the narrow tip. (may dull end by flaming in bunsen burner)

b. Plug the pipette with glass wool. Do not ball the glass wool or pack it too tight. Use a long Pasteur pipette to push the glass

wool into bottom of the column. 

c. Pass 500 ul of running buffer down the column to wet the glass surfaces. 

d. With an individually wrapped sterile transfer pipette, load G50 resin into the column until there is a head space of a little

more than 500 ul. 

e. Pass 2 x 500 ul of running buffer through the column. 

f. Add 50 ml of Yeast RNA (10 ug/ul)to the column 

Note: A total of 500 ug of Yeast RNA should be added (100 ul x 5 mg/ml). 

g. Run 500 ul of running buffer through the column. 

h. Plug the column with dental wax (Parafilm works well; make sure it has not been used for other common lab activities) 

Note: Make sure that there is some liquid above the level of the resin bed. Once plugged, it is important that the column not

leak. The resin must not be allowed to dry out. 

i. Add 2.0 ul saturated Phenol Red to the labeled probe. 

j. Remove the seal from the column and slowly add the probe to the column. Do not disturb the resin bed. 

Note: Allow the buffer drain to the level of the resin before adding the probe. 

Note: Have 3 tubes ready to collect elluent. 

1st for precollection,

2nd for probe collection, 

3rd for waste collection. 

k. When the resin becomes visible through the red dye, add 200 ul running buffer to the column. 

l. Use a survey meter to monitor the activity coming off the end of the column. When the counts increase, switch to the

collection tube. 

m. Collect eluent until the red dye reaches the bottom of the Resin (not the glass wool). 

Note: Add additional running buffer to keep the column flowing. The final volume of collected probe should be between 500and 1000 ul. 

NOTE: Divide collected material between 2 tubes for the precipitation

n. Add 1/16th volume 5M KAc and 2x volume 100% ethanol. Vortex and precipitate at -80C for 1hr->O/N

o. Thaw then Spin 20 minutes at max speed.



- Discard all but 100ul 

- add 500ul 75% Ethanol wash- spin 5 min

- discard all but bottom 10ull

- dryvac 5 min

p. Resuspend in 100 ul 100 mM DTT (i.e. 50ul each tube). Resuspend very carefully and pool into a single tube for each probe. 

Note: Save tubes until you are sure you have recovered enough probe for your experiments. 

q. Count 1.0 ul in the scintillation counter. 

r. Dilute to 25,000 to 50,000 cpm/ml in hybridization buffer (see next section). 

D. Prehybridization: 

1. Prepare the solutions in advance. Remember that everything has to be RNase free. 

a. 4% Paraformaldehyde/ 1x PBS (800 ml )

b. 1x PBS 2-3 liters 

c. 0.85% NaCl 2-3 liters 

d. Proteinase K 

e. PK Buffer 200 ml 

10mM Tris pH 7.5 

5mM EDTA pH 8.0 

g. Acetic Anhydride 

h. Ethanol Solutions 

30% 400 ml 

50% 400 ml 

70% 400 ml 

85% 400 ml 

95% 400 ml 

100% 600 ml 

The solutions are set up so that racks can be processed sequentially. It is important to have enough containers to hold all the solutions because this process will take more than 2 hours for each rack of slides. The process will go faster if multiple racks

can be processed at the same time. The bottle neck in this process is the 30 minute incubation time in paraformaldehyde which is performed twice. 

2. Process the tissue sections

Remove slides from boxes to racks and warm to room temperature. Place in tissue tech racks

1) 4% Paraformaldehyde 30 minutes 

2)1xPBS 5 minutes 

3) 1xPBS 5 minutes 

4) Proteinase K 7.5 minutes 

Note: This can be performed in a batch or on individual slides. In a batch, 200 ml of a 20 ug/ml (200ul of 20mg/ml stock into 200ml PK buffer) solution is made fresh for each rack processed. Individual slides are first drained of residual liquid, then placed horizontal and covered with 1 ml of 20 ug/ml PK solution. Slides are treated at 10 second intervals with only 12 to 15 slides handled at one time. 

5) 1xPBS 5 minutes 

6) 4% Paraformaldehyde 30 minutes 

7) H2O Dip 

8) 0.1 M Triethanolamine ( 6.7 ml/500ml H2O) 10 minutes with stirring. 

Note: The slide rack is suspended in the stirring triethanolamine solution. Make sure the tissue is completely covered. Once that is set, 1.25 ml of Acetic Anhydride is applied directly to the slides. The timer is started after the Acetic Anhydride is added. 

9) 1xPBS (fresh) 5 minutes 

10) 0.85% NaCl (fresh) 5 minutes 

11) Dehydrate the slides through ethanol 

30% ethanol 2 minutes 

50% ethanol 2 minutes 

70% ethanol 2 minutes 

85% ethanol 2 minutes 

95% ethanol 2 minutes 

100% ethanol 2 minutes 

100% ethanol 2 minutes 

Air dry the slides for 30 minutes. Slides may be used immediately, or stored at cold room temperature for several days. 
E. Hybridization: 

There are a number of reagents that need to be prepared in advance for the hybridization procedure. The reagents for the hybridization buffer must be on hand well before starting. Some of them are difficult and time consuming to make (Yeast RNA). 

1. Hybridization Buffer: 27ml stock

15.0 ml 
Deionized Formamide 
50.0% 

2.25 ml 
4 M NaCl  


0.3 M 

0.60 ml 
1 M Tris pH 7.5 

20 mM 

0.30 ml 
0.5 M EDTA pH 8.

0 5 mM 

0.30 ml 
1 M NaH2PO4 

10 mM 

6.00 ml 
50% Dextran Sulfate 

10.0% 

0.60 ml  
50x Denhardt's 1 x 

1.50 ml 
10 mg/ml Yeast RNA 

0.5 mg/ml 

Adjust the buffer to 10 mM DTT with a 1M stock solution prior to adding the probe. This represents 9/10 of the final solution. The last 1/10th is made up of the probe plus water (See below). 

2) Hybridization Solution

890 ul 
Hybridization Buffer
10 ul 
1M DTT

100 ul 
probe

1000 ul TOTAL

2. Hybridization: 

Note: This procedure is going to be extremely messy. Wear double gloves and monitor everything (especially the floor, your clothing and the work bench). 

a. Dilute probe to 25,000 to 50,000 cpm/ml  in enough quantity to apply 60-100 ul of hybridization mix to each slide. 

b. Heat the hybridization mix to 80C for 2 minutes. 

c. Vortex to mix thoroughly. 

d. Carefully add solution to the slide 

f. Place cover slip ( paraplast, VWR 15159-409) over tissue. (we now use 24mmx60mm pieces of parafilm when using cryostat sections)
g. Place slides horizontally in slide boxes with the cover slips facing up. Make sure there is a paper towel soaked in 10 ml Humidity Buffer (50% Formamide/4x SSC) in each slide box. 

h. Seal boxes with electrical tape. Sequencing gel sealing tape will work as well. Make sure the tape forms a good seal. 

i. Incubate the slides at 52C for 16 hours with the boxes standing on end to keep the slides horizontal. 

3. Washing: 

Two water baths will be needed for this procedure. They need to be turned on and equilibrated to 65C and 37C well before you are ready to start. The washing solutions must be prepared in advance without DTT and equilibrated to the designated temperatures before beginning the procedure. Weigh out the DTT and have it ready in individual containers. DTT is labile and should be added just prior to the incubation. Fresh DTT is added for each rack of slides, and each solution is used for no more that 2 racks of slides. 

1) First Wash: 

5x SSC/10 mM DTT 50C 30 minutes 

a. Equilibrate the 5x SSC solution at 50C. 

b. Add 0.32 g DTT / 200 ml solution (have extra prepared) 

c. In a separate container, soak the cover slips off of the slides in 5x SSC/10mM DTT. The cover slips may fall off, or they can be carefully loosened with a razor blade. Do Not force the cover slip off; it may disturb the tissue. 

d. Place the slides in a rack in 200 ml of 5XSSC solution. 

e. Start timing for 30 minutes when the rack is full. 

2) Second Wash: 

50% Formamide/2x SSC/10 mM DTT 65ƒC 20 minutes 

a. Equilibrate 50% Formamide/2x SSC at 65C 

b. Add 0.32 g DTT just before adding the rack of slides 

c. Incubate for 30 minutes 

3) Washing Solution: 

10x Stock: 

NaCl 233.8 g 

1 M Tris pH 7.5 100 ml 

0.5 M EDTA pH 8.0 100 ml 

H2O to 1000 ml 

a. Make at least 2 liters of 1x washing solution 

b. Equilibrate the solution at 37C 

c. Wash the slides for 10 minutes at 37C 

d. Transfer to a new container of 1x wash solution and wash for 10 minutes at 37C 

4) RNase A Treatment 

a. Add 400 ul of a 10 mg/ml stock of RNase A to 200 ml of 1x washing solution at 37C. 

b. Incubate the slides for 30 minutes at 37C 

5. 1x Washing solution 5 minutes 37C 

6. 2x SSC 15 minutes 37C 

7. 0.1x SSC 15 minutes 37C 

8. Dehydrate through increasing ethanol solutions 

Note: The ethanol solution have NH4Ac added to them, except for the final 100% ethanol step. To make these solutions add 9.3 g NH4Ac to 400 ml of each ethanol solution. 

a. 30% ethanol/0.3M NH4Ac 2 minutes RT 

b. 60% ethanol/0.3M NH4Ac 2 minutes RT 

c. 80% ethanol/0.3M NH4Ac 2 minutes RT 

d. 80% ethanol/0.3M NH4Ac 2 minutes RT 

e. 95% ethanol/0.3M NH4Ac 2 minutes RT 

f. 100% ethanol 2 minutes RT 

Note: The last ethanol step has no NH4Ac in it. 

Allow the slides to air dry for at least 30 minutes then store them in a clean dry place at room temperature until ready for the

next step. 

G. Autoradiography: 

Slides are initially placed against Kodak MR film (be sure to place emulsion coated side down!) for 1-6 days.  These films can be used for quantitative comparisons.  Individual cellular resolution is accomplished by emulsion coating the slides described below:

This procedure must be performed in the darkroom under extremely stringent conditions. No extraneous light can be allowed into the room. Leave all glow in the dark and illuminated watches and timers outside. The only light source allowed is a 15 watt bulb with a Kodak #2 Safelight filter. 

1. Warm the Kodak NTB-2 emulsion in a 45ƒC water bath in the dark room. The emulsion is stored at 4ƒC and is gelatinous at room temperature. 

2. Prepare a container in which the slides will be dipped. A Coplin Jar with a block of clean glass slides to take up the excess space works well. The idea is to have enough emulsion to coat the entire clear portion of the slide without wasting a lot of the emulsion. 

3. Prepare slide boxes with Dri-Rite cigars (Dri-Rite wrapped in paper to absorb moisture) 

3. Pour the warmed emulsion into the dipping container. Pass a clean slide through the emulsion to remove any air bubbles 

4. Dip the slides into the emulsion one at a time, and allow the excess to drip back into the container. Refill the container with emulsion as needed. 

5. Place the slides in a clean slide box and allow them to dry for at least 1 hour. 

6. Place the Slide boxes at 4ƒC where they will not be subjected to shocks. 

7. wrap slide boxes in dark in aluminum foil to prevent light exposure

8. Before developing, allow the boxes to warm to room temperature. 

9. Develop with Kodak D-19 and fix with Rapid Fix 

a. D-19 3.5 minutes 16ƒC 

b. H2O Dip 

c. Fix 5 minutes RT 

d. Fix 5 minutes RT 

e. H2O (cold) 5 changes RT 

f. Hoechst (bisbenzamide fluorescent nuclear dye 5 minutes RT (200 ul 0.5% / 200ml) 

note: there are many options available at this point for counterstaining the cells below the emulsion silver grain deposits.  We have used this Hoechst dye because it is invisible except when viewed as a nuclear dye with DAPI fluorescent filters.  However it photobleaches rapidly.  Other counterstains such as nissle, thionin, etc. may be used.  However it is important to test stain some slides first before doing the important ones, because the counterstain often obscures the silver grain reflectivity --- obscuring the signal when viewed under dark-field optics.

g. H2O (cold) 5 changes RT 

Note: 0.01 N HCl can be used to destain if needed. 

10. Dehydrate through a series of ethanol solutions for 2 minutes each. 50%, 70%, 85%, 95%, 100 x2 

11. Xylene 2x 10 minutes each 

12. Apply cover slips with Cryoseal Mounting Media 60 and allow to dry while laying flat. 

H. Reagents and Suppliers:

Acetic Anhydride; Sigma A-6404

Ammonium Acetate; Sigma A-1542 Fisher BP 326-500

Cytoseal Mounting Media; VWR 48212-154

50X denhardt's; Sigma D2532

Dextran Sulfate;  Sigma D8906

1,4 Dithiothreitol (DTT); Promega V-3155

Formamide;  Fisher  F84-1

Gelatin Type A (300 bloom); Sigma G-2500

Kodak D-19; Eastman Kodak 146-4593

Kodak Fixer; Eastman Kodak 197-1746

Micro Slide;  Fisher 12-550-12

NTB-2; Eastman Kodak 197-1746

Paraformaldehyde J.T.; Sigma P-6148

Paraplast; VWR15159-409

Phenol Red;  Sigma P-4758

KCr(III)SO4; E.M.Science CX1605-2

Pasteur pipet (cotton plugged, disposable); VWR 16721-412R4642

Proteinase K; Boehringer-Mannheim  745-723

Rnase A; Sigma R4642

RQ1 Rnase free Dnase; Promega M6101

Sephadex G-50 Medium ; Amersham Pharmacia Biotech, Inc. 17-0043-01

Sephadex G-50 Fine; Amersham Pharmacia biotech, Inc. 17-0042-01

Silane (Dichlorodimethylsilane); Aldrich chemical Co. Inc, 44.027-2

Siliconized Glass Wool; Supelco 2-0411M

Sodium Acetate; Sigma S-8625

Triethanolamine; Sigma T-1377

Yeast RNA; Boehringer-mannheim 109223

Fisherbrand Superfrost/Plus Microscope Slides Precleaned 1255012

Promega Riboprobe Combination System T3/T7  P1540

