Starter's protocol 

Exploring the material and practising some basic procedures

The largest known chromosomes are found in the developing oocytes of various vertebrates.  These so-called "lampbrush" chromosomes are in many ways the most favourable of all for experimental manipulation. Despite the fact that techniques for their isolation from living cells were worked out nearly 50 years ago, very few workers have made use of this remarkable material.  Part of the reason for the lack of interest seems to be the mistaken notion that these chromosomes are difficult to handle or require elaborate equipment.  Quite the opposite is true, as we hope you will see if you try for yourself, following the instructions available on this website.

Lampbrush chromosomes are present in the developing oocytes of all vertebrates (except mammals) and most invertebrates.  The ease with which the chromosomes may be studied varies widely from one taxonomic group to another, and can even be different in different species of the same genus. The consistency of the nuclear sap is an important variable; the sap must be sufficiently gelatinous to permit certain manipulations, yet not so rigid that it fails to disperse after the nuclear membrane has been removed. This protocol is based on the use of material from the north American newt,  Notophthalmus viridescens  and the frog Xenopus laevis. 


This introductory protocol starts with two square embryo cups containing pieces of ovary from X.laevis  and N. viridescens  freshly removed from the animals .

Isolation of the nucleus

Place a small bit of ovary in 5:1 solution.  This is a mixture of 5 parts 0.1 KCl and 1 part 0.1m NaCl, and contains the two cations in the proportion existing within the oocyte nucleus.  The solution may be lightly buffered to pH 6.8 - 7.2 with phosphate at a concentration of not more than 0.005M, if desired.  Note that the smallest oocytes are nearly transparent.  At about 0.5mm diameter,  yolk accumulation begins and the oocytes become cloudy.  Those over about 0.8mm diameter are completely opaque.

Each oocyte is covered with a thin layer of follicle cells and prominent blood vessels.  It is not necessary to remove the  oocyte from the follicular membrane.  Puncture the cell with the forceps or a needle and squeeze gently.  The nucleus appears as a clear 'bubble' embedded in a ribbon of yolk flowing from the hole.  In some instances the nucleus may be almost clean of yolk at this stage; at other times it is fairly heavily encrusted with yolk.  Using a pipette  with a mouth of between 0.5 and 1mm internal diameter, suck the nucleus in and out several times to remove the adherent yolk.  The pipette should be filled with 5:1 solution  before starting the cleaning procedure and care should be taken not to include an air bubble in the pipette.  The nucleus is really quite sturdy and may be bounced off the bottom of the dish in order to remove bits of yolk.  However, it should not be allowed to settle on the glass, as it may adhere firmly and tear when sucked loose.  It will also disintegrate immediately if it comes in contact with any air/water interface, such as a bubble in your pipette or the surface of the medium in your dissecting dish.

The nucleus will begin to swell immediately after isolation.  This swelling serves a useful purpose in separating the nuclear membrane from the underlying chromosomes.

Eventually, however, the nuclear sap will become fluid and the chromosomes will sink to one side of the nucleus.  Therefore work as rapidly as possible once the oocyte has been opened.

Isolation of the chromosomes and nucleoli

The chromosome isolation can be done under a magnification of 20-40x depending on personal preference.  Illumination is critical.  Most workers prefer a strong lateral illumination with no transmitted light. Use an opaque black stage plate for your binocular.  Arrange your light to focus sharply to the smallest possible spot, pointing towards you and shining on the centre of the microscope stage at an angle of about 15o.

As soon as the yolk has been removed from the surface of the nucleus, transfer the nucleus to a flat bottomed well slide (see protocol for urodeles), previously filled with chromosome isolation medium.  The simplest and usually the most effective medium consists of 5 parts of 0.1M KCl to 1 part of 0.1M NaCl with formaldehyde added to a final concentration of 0.5%.  The preparation of this isolation medium will be discussed during the laboratory period.  The well of the slide should be completely filled so that the liquid has a slightly convex surface.

Grasp the top of the nucleus with one pair of jeweller's forceps, taking care to secure a good grip while not actually rupturing the membrane.  Lift the nucleus just clear of the bottom of the chamber, and then very carefully insert the point of a tungsten needle (see protocol for urodeles)  just under the surface of the nuclear membrane a short distance away from the points of the forceps.  Now tear the nuclear membrane by moving the point of the needle down and around the nucleus.  If this is done quickly and neatly the contents of the nucleus will spill out onto the bottom of the chamber in a single gelatinous lump, and they will then disperse slowly.  The secret of success is being fully prepared, and then working rapidly and carefully.  It is particularly important not to dig deeply into the nucleus with your forceps and needle.


If at any time the nuclear contents begin to extrude spontaneously through the small hole in the nucleus, one should immediately abandon the preparation and begin with a fresh nucleus.  Only fragmented chromosomes will be found in such preparations.  The ease of the isolation depends a great deal on the 'stiffness' of the nuclear contents; the stiffer the nuclear sap the easier the dissection.  Certain species have naturally stiff sap, in some cases so gelatinous that the nuclear membrane can be peeled off piece by piece without disrupting the contents.

A coverslip should now be added.  Hold a coverslip about 5mm above the depression and drop it into place.  It must be dropped so that the surface of the coverslip is parallel to the surface of the slide.  If not, surface tension effects will destroy the preparation.

More details on these methods and methods for other vertebrate species can be found in the other protocols on this website and in Macgregor & Varley (1988). 


Observation

The chromosomes will eventually spread out evenly on the bottom of the well-slide chamber.  Scattered among them will be several hundred nucleoli.  In addition there may be a very large number of smaller granules, particularly if the nucleus came from a large oocyte.  Dispersal of the sap and settling of the chromosomes may take as little as five minutes or may extend over a period of several hours.  Much depends on the species, the size of the oocyte, and the general condition of the animal from which the oocytes were removed.

Critical observation at high magnification requires the use of an inverted microscope since the chromosomes lie on the bottom coverslip of the well-chamber.  Phase contrast optics are essential.  If an inverted microscope is not available, low power observations may be made through the liquid from above. 

Instructors and students are strongly advised to read Chapter 6 of Working with Animal Chromosomes. by H.C. Macgregor & J.M. Varley (1983 and 1988). John Wiley & Sons in order to obtain a fuller understanding of the reasons behind various aspects of this rather special protocol.

