Johnson Lab In Situ Hybridization Protocol (on frozen sections)

Adapted from Mike’s protocol of the Ma Lab protocol from the original Anderson lab protocol

Sections are collected on Histobond, Superfrost/Plus or Probe ON slides purchase from Fisher and incubated at 30°C for one hour, then stored at –70°C.

Embryos (E10.5-E12.5) are prepared as normal. Fix ~2 hrs. with 4% paraformaldehyde, wash, and sucrose sink.  Can use PBS or Phosphate Buffer as appropriate.

Day#1: Pre-Treatment and Hybridization of Sections

Note:  
All reagents and slide mailers in the following steps must be RNAse-free!


Make fresh 4% Paraformaldehyde in DEPC- PBS and leave to cool to RT.


Place slide mailers with prehyb solution in 65°C incubator to warm before starting.


Each trough can take 200mL of solution and slide mailers hold 5 slides each with 15 mL soln.
1. Dry slides. 

· Warm slides to room temperature (RT) and dry at 50°C for 15 minutes. Leave lid up.

2. Fix.

3. Fix in 4% paraformaldehyde in DEPC-PBS at RT for 20 minutes in a trough.

4. Wash 2x.

· Wash 2x in DEPC-PBS at room temperature for 5 minutes.

5. PK treatment.

· Treat slides with 5 g/ml Proteinase K (Roche) in PK buffer at RT for between 8-15 minutes depending on the age of the embryo.  

100 L of 10 mg/mL PK in 200 mL PK buffer.

· Note:  8.5 min for E11.5 and younger, ? for E12.5 or older embryos, 6 min for chick HH22-24. 10 min for P0 brains. Keep your own RNase-free PK for in situs. Fresh PK may have higher activity.

· Note: Deproteinization with PK makes the tissue more accessible to the probe. Higher PK concentrations may be used.  10 g/mL and 50 g/mL are suggested in the literature, but Helen’s experience with 50 g/mL ate up the tissue.

6. Wash 1x.

· Wash 1x in DEPC-PBS at RT for 5 min. 

7. Postfix to stop PK.

· Fix in 4% paraformaldehyde in DEPC-PBS at RT for 15 minutes. 

8. Quick Wash.

· Rinse once in DEPC-water at RT by quickly dipping.

9. Acetylation.

· For 200mL 0.1M RNAse-free triethanolamine-HCl pH 8.0, add 500 L acetic anhydride (CARE!) with constant stirring right before using. Let stir until “beading” disappears (~1-2 min) then put in slides for 10 min with stirring.

· Note: This treatment removes the charge on the slide and tissue to avoid probe binding.  Acetylation of the positively charged amino groups in the proteins of the tissue decreases background binding of the negatively charged RNA probe.

· Note: Some protocols suggest putting in the slides, then adding acetic anhydride, stir until beading disappears, stop stirring, and wait 10 min.

10. Wash.

· Wash slides in DEPC-PBS at RT for 5 min.

11. Prehybridization

1. Prehybridise for 1-4 hours at 60-70°C in hybridization buffer in slide mailers. This can be reused and should be saved.  Put the In situ hybridization box in the 60-70°C oven to warm.

12. Hybridization

·  Replace with 1-2 ng/l of probe in fresh (not used for prehyb) heated hybridization buffer and continue incubation for a further 12-16 hours. (Do 1:100-1:200 dil of RNA probe in 100 uL of Hyb solution which is ~0.5 ng/uL)

· Note: These steps should be performed in a hybridization oven.  It is a good idea to preheat your probes before adding to the hyb solution.  Put probe/buffer into a tube and heat in PCR machine to 60°C or put in 60-70°C oven. Add heated buffer then to slides.

· Note: We have found that the most effective way to carry out the hybridization is in slide mailers. Also the probe should be saved and used repeatedly for many times, particularly for strong probes. It is a good idea to thoroughly seal the lids of the slide mailers with parafilm to prevent evaporation of probe.

· Note: If you have a lot of probes to analyze, use 100 L of hyb solution containing probe on each slide. Use PAP Pen and cover with parafilm.  To use parafilm, cut pieces sized to the clear portion of the slide and place over solution using forceps.  Try to use coverslip technique to avoid introduction of bubbles.  The In situ hybridization box contains 50% formamide/5xSSC to maintain humidity and osmolarity.

Day#2: Washing steps and antibody binding.
Note: After hybridisation, it is not necessary to use RNAse-free buffers since RNAses only cut single stranded RNA.  Before removing slides from incubator, heat 2x SSC in glass trough or Copeland jar in the 65°C water bath.  Also, preheat other solutions for washes/RNase treatment in respective water baths.

1. Transfer slides to the Copeland Jar or a glass trough.

2. Wash 2xSSC 60-65°C for 15 min.

3. Wash 2xSSC RT for 5 min.

4. Treat 10 g/ml RNAse A and 1 U/mL RNase T1 in 2xSSC at 37°C for 30-45 min.

· 200 L of 10 mg/mL stock of RNaseA and 2 L of 100 U/mL RNase T1 in 200 mL 2xSSC

· Add RNases and stir with pipette tip to mix.

· For stronger treatment (Mike’s), use 400 L RNaseA (10 mg/mL), and 20 L Rnase T1 (100 U/mL) in 200 mL 2xSSC.

   5. Wash 2 times in 2xSSC at RT for 5 min each.

   6. Wash 2 times in high stringency 0.2xSSC at 60-65°C for 30 min each.

   7. Wash 1x  in 0.2xSSC at RT for 2 min to equilibrate temperature.

   8. Wash 2 times in PBT at RT for 20 min each.
9. Block in PBT+10% inactivated sheep serum (SS) for 30 min – 1hr at RT in an antibody humidity chamber.  Do this on individual slide with 100-200 L of solution per slide.

10.  Remove block by dumping solution off slides onto paper towels.  Place slides flat in a humidity chamber.  Add 200-300 L of anti-digoxygenin antibody to each slide (diluted 1:2000 (new) or 1:1000 (old) in PBT+10% SS). Incubate O/N at 4°C or 1 hr at RT.

Day#3: Antibody Visualisation of Digoxygenin
1. Wash 3 times in PBT at RT for 20-30 min each in a trough.

2. Wash 2 times in Alkaline Phosphatase buffer at RT for 5 min each.

· Note: Most protocols include 5 mM levamisol in the second alk-phos wash and during the incubation with NBT/BCIP.  Levamisol inhibits activity of endogenous alkaline phosphatase.  I have never seen residual activity of the endogenous enzyme in fetal tissues (rat, mouse, or chicken) after hybridization, so we don’t include it.  It is however useful at adult stages.

3. For every ml of Alkaline Phosphatase buffer, add 1 ul of NBT and 3.5ul of BCIP, and develop in the dark for between 2-20 hours, depending on the abundance of the RNA. Since the alkaline phosphatase enzyme is very stable, it is possible to wash out the NBT/BCIP, replace with alkaline phosphatase buffer and to continue the reaction at a later time. People in lab have also simply replaced the reaction mixture with fresh reagents every 24 hours and allowed their slides to develop for as long as 3 days for weak, clean probes.  Expose in slide mailers (15 mL each). 


50 mL = 50 L NBT, 175 L BCIP;  35 mL = 35 L NBT, 122.5 L BCIP

4. Wash 2 times in paper filtered PBS at RT to remove substrates. Can store slides in PBS at 4°C for at most 2 days.  At this point, you can just put on 100% glycerol or aquamount to take pictures if you have high bkgd and don’t need to counterstain.

Day#4: Counterstaining and mounting

1. Fix slides in 4% paraformaldehyde/PBS for at least 15 min. RT.

· Note: If NBT/BCIP precipitate is not fixed, the background will slowly darken over the course of about a month.

2. Wash formaldehyde fixed section with water by dipping 3x in one trough.

3. Incubate sections in 30% EtOH for 5 min.

4. Incubate sections in 50% EtOH for 5 min.

5. Incubate sections in 70% EtOH for 5 min.

6. Incubate sections 2x in 95% EtOH for 5 min each

7. Dip 4x in Eosin working solution.

8. Destain in 95% EtOH until stain stops bleeding from sections. Change out EtOH each time.

9. Incubate in fresh 95% EtOH for 5 min.

10. Incubate sections in 100% EtOH for 5 min.

11. Incubate sections in 100% EtOH for 5 min.

12. In hood, incubate sections 3x in Xylene for 5 min each.  Fresh Xylene each time.

13. Mount slide using Permount by putting 2-3 drops of Permount per slides with a disposable plastic pipette, apply coverslip with appropriate technique as to not introduce bubbles. Be sure Permount covers all sections and entire surface of slides. Let dry at least O/N in hood.

· Be sure to remove your slides from the hood the next day.  They have the potential to be ruined by others going in and out of the hood. 

Troubleshooting and common problems

Signal to noise
· Is your oven maintaining temperature? Are people going in and out of it? If you are using a hybridization oven and you still have background, try a higher temperature.

· Be extremely rigorous about how long your slides are in 0.2x SSC. High-stringency washes strip probe off sections. With clean probes, you can pare these washes back to improve signal.

· Check for particulates in the phosphate buffer used in making the fixative or sucrose for your animals.  Contamination for either reagent causes unholy background for antibody staining and severely reduces in situ signals.

· Use EM grade paraformaldehyde for fixing tissue.

· If you rinse and reuse your mailers for NBT/BCIP development, sometimes precipitate forms in the mailer and is not rinsed out. Such precipitates can increase background. Also, some batches of BCIP, when mixed, are pale yellow instead of clear. These batches always give higher background.

Uneven labeling across the short axis of the slide

Nobody knows what causes this. Some say the speed of the stir bar in the SSC wash is at fault (reduce or eliminate it) and some say it’s evaporation of formamide from probe during hybridization, and diluting fresh probe eliminates the problem. If you figure it out, call us.

Appendix

Probe Preparation

1. Cut 10 g of plasmid DNA with the appropriate enzyme, typically 1 U/g  for one hour. 

2. Purify with Qiagen PCR clean up kit, elute in 40 L of nuclease-free H2O and store at –20°C until required. Check digestion (0.5 L) on a mini-gel.

Important note: Even very small amounts of DEPC can inactivate RNA polymerase. I have noted reductions in yield if I use DEPC treated water to make RNAse-free TE, even though the water was autoclaved before making TE. In the Johnson Lab protocol, don’t use TE – just use nuclease-free H2O.

3. Set up the following reaction in 50 L total volume:

10x Ambion synthesis buffer (8151G)

5 L

10 mM dNTP’s/digoxygenin-UTP

3 L

Linearized DNA template


10 L (2.5 g)

RNA polymerase PLUS (T3, T7, SP6)
5 L (90 units)

RNAse-free water to 50 L


27 L

Incubate at 37°C for 2 hours.  Note: Add digoxygenin-UTP last.

4. Add 10 units of RNAse-free DNAse (1 L of Ambion TURBO DNAse) and continue incubation for 30 min at 37°C.  Remove 0.5 L and run on 1% TAE minigel to check that DNA has been degraded.  Multiple bands including the one you want is not a problem.  These are due to secondary structure.  Any smearing below predicted band size indicates degradation.  Do not use probe if this occurs.  

5. Separate unincorporated ribonucleotides using a Roche Quick Spin (TE) column (either G-25 or G-50 Sephadex).  Follow manufacturers directions.

6. Run 0.5 L on a clean, but not DEPC gel to check concentration and purity.  You can also quantitate at 260 nm if you wish, but it is not necessary. Run an RNA denaturing gel if necessary to get proper probe size.

Solutions

RNAse-free solutions

DEPC-PBS

Filter 1L of stock PBS through filter paper into a bottle.  Add 1 mL DEPC.  Stir for at least 1 hr and autoclave 15 min on liquids. Do not leave in autoclave long after cycle has finished. 1xPBS is 137 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4, 8 mM Na2HPO4·7H2O, pH 7.4.

DEPC-H2O

Add 1 mL DEPC to 1 L paper filtered ddH2O.  Stir at least 1hr and autoclave 15 min on liquids.

PK Buffer

50mM Tris-HCl pH 7.5

5mM EDTA

· 6.057 g Tris-Base (121.14 g/mol MW) + 10 mL 0.5 M EDTA in 1 L DEPC-H2O (already autoclaved), pH to 7.5 in an RNAse-free manner

· Do not put in Tris first and then DEPC as DEPC will react with the primary amine.

1M (10x) Triethanolamine, pH 8.0

Add 66.5 mL Triethanolamine and 20 mL concentrated HCl to 413.5ml DEPC-water in an RNAse-free bottle.

· Triethanolamine is a buffer without free amines, so when you add acetic anhydride, it will acetylate free amines in tissue or slide (?).

50x Denhardt's Solution (store at –20°C, ok to freeze/thaw)
2% BSA (ICN 810661)

2% Polyvinylpyrrolidone (PVP-40) (water soluble polymer, blocking agent)

2% Ficoll 400

Make a slurry in DEPC-water and dilute.

Hybridization Solution (store at –20°C)






For 50 mL

50% Formamide (deionized, -20°C)

25 mL

5x SSC 




12.5 mL 20xSSC

0.3 mg/mL Yeast tRNA (expensive)

15 mg powder (in -20°C)

0.1 mg/mL Heparin (expensive)

5 mg powder (in RNA cabinet)

1xDenhardt's Solution 


1 mL of 50x stock (make up cloudy)

0.1% Tween 20 (Sigma P-1379)

0.5 mL of 10% Tween in DEPC-H2O (in RNA cabinet)

5mM EDTA in DEPC-H2O


0.5 mL of 0.5 M EDTA pH 8.0 (in RNA cabinet)






Make in DEPC-H2O. Store in aliquots in –20°C

· All components should be RNAse free

· There are cheaper Hybridization Solution for Whole Mounts

· Formamide to an RNA stabilizer by deionizing RNA, protects from degradation

· Heparin is a highly negatively charged molecule, normally used as an anticoagulant, can block DNA binding sites of RNA polymerase

Chamber Buffer: for 65°C hybridization chamber

50% Formamide (fresh, but no need for deionization)

5xSSC in DEPC-water

It can be left in the chamber indefinitely, store at RT.

Solutions (no need to be RNase-free)
PBT

1xPBS

2mg/ml BSA

0.1% Triton X-100

· 2 g BSA+ 1 mL 100% Triton, QS to 1 L with filtered PBS

Alkaline Phosphatase Buffer (make after last wash step)






For 500 mL

100mM Tris, pH 9.5


50 mL 1M Tris pH 9.5

50mM MgCl2



25 mL 1M MgCl2

100mM NaCl



10 mL 5M NaCl

0.1% TWEEN 20


500 L 100% Tween-20






QS to 500 mL with ddH2O, Filter into clean bottle.

Note: If using 5 mM Levamisole, this buffer should always be made up fresh each time from its components - it tends to acidify quite quickly.

20x SSC (Usually don’t need to be RNase-free unless using in Hyb solution)





For 1L

3M NaCl


175.3 g NaCl

0.3M Sodium Citrate

88.2 g Sodium Citrate

QS to 1L with ddH2O, pH 7.0 with HCl.

If need RNase-free, add 1 mL DEPC, 1hr RT stir, Autoclave liquids 15 min.

Reagents, Glassware and Apparatus

- The following solutions can be made up in untreated bottles. Treat with 0.1% DEPC overnight at 37°C (or stir 1 hr RT) and then autoclave 15 min liquids:

EDTA, PBS, H2O, 20x SSC

- The following solutions cannot be autoclaved. Make these up in DEPC-treated water in glass bottles that have been baked at 170°C for 8 hours, and whose caps have been soaked in water containing 0.1% DEPC overnight at 37°c and then autoclaved:

Tris, Denhardt's, any buffers with Tween, Triton or CHAPS, Hybridization buffer

- The following solutions do not need to be RNAse free:

PBT, BCIP, NBT, NaCl, MgCl2
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