Making lampbrush chromosome preparations from oocytes of the African clawed toad, Xenopus laevis.

Contributed by Professor J.G.Gall
Download this and print it out for detailed and explicit instructions on making lampbrush chromosome preparations from the African clawed toad Xenopus laevis.  The protocol is based on that published by Gall (1998). 
For more details on some of the equipment and basic procedures involved, consult other protocols on this site or Macgregor & Varley (1983, 1988)
1. Remove part or all of the ovary from a mature Xenopus female and place it in OR2 medium in a petri dish (60 X 15 mm).  Hold the oocytes at 18o-22o C (not 4o C) for at least 18 h before further use.  


The transcriptional state of the chromosomes is highly variable in oocytes examined during the first few hours after removal of the ovary.  When held at 18o-22o C for 18 h, oocytes will almost invariably contain large, transcriptionally active lampbrush chromosomes.  If the medium is replaced daily, oocytes will remain usable for up to 3-4 days.  

2.  Select an oocyte with a diameter of 0.9-1.2 mm and transfer it to a small petri dish (35 X 10 mm) containing "5:1” isolation medium.

3.  With two pairs of No. 5 jeweler’s forceps or one pair of forceps and a sharpened steel needle, make a large tear in the animal hemisphere of the oocyte.  Find the oocyte nucleus (germinal vesicle, GV) within the protruding cytoplasm and roll it away.  Suck the GV in and out of the pipette once or twice to remove yolk if necessary, but don't worry if some yolk remains attached to the envelope.

4.  Within 30 seconds transfer the GV to a small petri dish of dispersal medium.


Timing is absolutely critical.  If the GV remains in the isolation medium for more than 40-60 sec, it will form a stiff gel that disperses very slowly or not at all.

5.  Working rapidly, remove the nuclear envelope with two pairs of forceps or with one pair of forceps and a fine tungsten needle.  At this point the nuclear contents are a gelatinous ball, but they will become quite soft within 1-2 min.


An alternative procedure is to remove the nuclear envelope in the observation chamber.  In this case, transfer the GV from the isolation medium to dispersal medium in a petri dish, but then transfer it immediately to the observation chamber, where the envelope can be removed. The intermediate wash ensures complete replacement of the isolation medium.  Removing the envelope in the observation chamber usually results in more yolk granules contaminating the final preparation.

6.   Pick up the gel with a pipette and transfer to an observation chamber previously filled with dispersal medium.  The liquid in the well of the chamber should have a slightly convex surface.  Leave the chamber uncovered if you intend to centrifuge the preparation.  An uncovered preparation can be observed with a low magnification lens (10 X), but an 18 mm2 coverslip should be added for higher magnification observations.

A simple observation chamber can be made by boring or punching a 5 mm round hole in the middle of a 25-mm square of Plexiglas (1-mm thickness).  Attach the plastic square to the middle of a standard glass microscope slide with a 1:1 mixture of petroleum jelly/paraffin wax.

7.  After 5-10 min the nuclear contents should spread evenly over the floor of the observation chamber.  Centrifuge the slides at 5,000 rpm (4,800 g) for 20-30 min at 5o-10o C.  During centrifugation the level of the liquid in the chamber will go down about halfway, but the GV contents are not affected.


We use specially constructed holders for the Sorvall HS-4 rotor, but several types of large centrifuge buckets will accommodate microscope slides.  For instance, each bucket of the Sorvall RT-6000 bench-top refrigerated centrifuge will hold up to four slides.  Because the bottom of the bucket is rounded, it should be fitted with a plastic plate that is flat on top to accommodate the slides, but convex below to fit the bucket.  A design for slide centrifugation cradles suitable for lampbrush work is given in Macgregor & Varley (1983, 1988)
8.  Place the slides vertically in a staining dish containing PBS + 2% paraformaldehyde, and leave undisturbed for 1-2 hr.

9.   Transfer the slides to a second staining dish containing PBS only.  Remove the spreading chamber with a razor blade.  

10.  Further treatment of the nuclear contents depends on the nature of the experiment.  After a brief rinse in PBS to remove the paraformaldehyde, the slide can be stained for immunofluorescence.  Alternatively it can be dehydrated through an ethanol series and stored in 70% ethanol for in situ hybridization. 


 We have found that most antibodies work best after a brief (1-2 h) fixation in paraformaldehyde.  Longer fixation (e.g., overnight) gives poor staining with many antibodies, although some are unaffected.  A few antibodies work best if paraformaldehyde fixation is omitted entirely, the slides being placed directly into 70% ethanol after centrifugation.  Fixation in either paraformaldehyde or ethanol after centrifugation is necessary to prevent the material from coming off the slide during immunostaining.


More detailed discussions of materials and procedures are given by Callan (1986) and Gall et al. (1991).
Solutions:

OR2 medium (Wallace et al., 1973)

82.5 mM NaCl

2.5 mM KCl

1.0 mM CaCl2
1.0 mM MgCl2
1.0 mM Na2HPO4
5.0 mM HEPES

Use a HEPES stock of 500 mM, pH 8.3.  The final pH of the OR2 will then be about 7.8.  Add penicillin and streptomycin (100 g/ml) to retard bacterial growth.

“5:1” Isolation medium, pH 7.0

83.0 mM KCl

17.0 mM NaCl

6.5 mM Na2HPO4
3.5 mM KH2PO4
1.0 mM MgCl2
1.0 mM Dithiothreitol (DTT)

Dispersal medium

20.7 mM KCl

4.3 mM NaCl

1.6 mM Na2HPO4
0.9 mM KH2PO4
1.0 mM MgCl2
1.0 mM Dithiothreitol (DTT)

0.1% Paraformaldehyde

Discussion:   


In 1991 we published a detailed protocol for making spread preparations of Xenopus GV contents for the study of lampbrush chromosomes and other nuclear organelles (Gall et al., 1991).  At that time we noted three problems that often frustrated the most determined attempts to make satisfactory preparations.  First, Xenopus lampbrush chromosomes "shut down" transcription to a greater or lesser degree within minutes or hours after oocytes are removed from the animal, resulting in retraction of the loops and overall shortening of the chromosomes.  Second, in the usual isolation media Xenopus GV contents form a stiff gel that disperses only partially or not at all.  And finally, even when the GV contents disperse well, they may not stick to the underlying substrate after centrifugation.  Fortunately, we now know how to overcome these problems, making it possible to produce routine cytological preparations in which details of the chromosomes and other nuclear organelles are beautifully preserved and displayed.  


The solution to the problem of chromosome shortening and loop retraction became apparent to us during experiments in which we injected oligodeoxynucleotides into freshly-isolated oocytes and examined the chromosomes at various times thereafter (Tsvetkov et al., 1992).  Although the lampbrush chromosomes initially underwent contraction in both injected and control oocytes, they slowly "recovered" in the sense that they regained their overall length and re-extended transcriptionally active loops during the next 24 h.  Earlier studies had shown a similar recovery of chromosome morphology after the more extreme contraction caused by actinomycin D (Snow and Callan, 1969; Scheer, 1987).  The essential conclusion is that oocytes removed from a female and held at 18o C in OR2 saline until the next day invariably display full-length lampbrush chromosomes with excellent loops.


The very stiff gel characteristic of Xenopus GVs presented a severe technical problem in earlier studies.  The basic procedure for making a chromosome spread, long successful with newts, was to remove a GV from an oocyte in an isolation medium in which the GV will not disperse, dissect off the nuclear envelope at a leisurely pace, and transfer the still intact nuclear gel to a low ionic strength dispersal medium.  Over a period of 10-30 min the nuclear gel dissolved in this medium, allowing the chromosomes and other nuclear structures to settle onto the underlying glass slide.  Unfortunately, Xenopus GVs usually failed to disperse under these conditions.  Numerous modifications of the dispersal medium were tried with no consistent success.  Eventually it was found that Xenopus GVs will disperse satisfactorily, but only if they remain in the isolation medium for less than 30 sec.  During the first minute after isolation, the nucleoplasm of a Xenopus GV transforms from a near liquid to a firm gel.  We have yet to find a medium that will disperse this gel, once it has formed, without damaging the morphology of the GV contents.  Subsequent experiments showed that newt GVs undergo a similar gelling, but much more slowly.  The practical conclusion is that one must work rapidly with Xenopus GVs, transferring them from the isolation medium to the dispersal medium within about 30 sec.


Actin is one of the two or three most abundant proteins in the GV (Clark and Merriam, 1977; De Robertis et al., 1978; Clark and Rosenbaum, 1979; Krohne and Franke, 1980).  Clark and Rosenbauum (1979) showed that about 63% of the actin in isolated Xenopus GVs is in the F form.  They further demonstrated that the ratio of G to F actin remained constant during the first 15 min after isolation.  Because their first measurements were made within 60-90 sec, they concluded that polymerization did not take place after isolation of the GV.  We have carried out a few simple experiments that confirm actin as a component of the nuclear gel, but suggest that rapid gelation occurs during the first minute after isolation.  A Xenopus GV removed from an oocyte in cytochalasin D (1 µg/ml in the isolation medium) is fluid from the start and remains so. If one removes the envelope in the usual way, the nuclear contents simply float away.  Essentially the same thing happens if one isolates a GV in dispersal medium.  Finally, GVs isolated under oil (Lund and Paine, 1990; Paine et al., 1992) in the absence of an aqueous medium behave like fluid-filled sacs; they can be deformed with needles into long cylinders that return to a spherical shape when tension is removed. They retain this property for hours.  The rapid change in consistency when a GV is isolated in an aqueous medium suggests that gelling may be induced by some component of the medium or, conversely, by rapid loss of an endogenous inhibitor of gelling. 


If the nuclear contents disperse rapidly and are centrifuged onto the underlying glass substrate within a few minutes, they will adhere tightly.  On the other hand, when centrifugation is delayed for an hour or more, the chromosomes attach less well to the glass.  The basis for this difference in behavior is not known.
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