Laboratory No. 3
Transmission Electron Microscopy:
Visualization of Virus Particles by Negative Staining
Introduction
The procedure commonly called the ‘leaf dip technique’ by plant virologists is a rapid method to qualitatively screen a sample for the presence of virus-like particles. Historically this procedure was performed by actually squeezing plant exudates from a cut edge of plant tissue into a stain suitable for transmission electron microscopy. Over time the procedure was modified to what you will learn in this class. Even now variations in the procedure are common, and what you learn here may differ from what you may see in other labs. The end result is the same: negatively stained virus-like particles (if present) that can be visualized with a transmission electron microscope.

In brief, a small amount of the material to be examined is excised from the plant, and an extract is made by chopping the material in buffer. This extract is placed on prepared formvar (thin transparent plastic film) coated copper grids and allowed to stand for one to several minutes. Excess extract is blotted away. The grid is washed with buffer and then water, and then stained. The stain collects around particles, hence the other common name for this procedure: negative staining. 

Stains must be electron dense, and the stain most commonly currently used in transmission electron microscopy for this procedure is uranyl acetate. The electron dense uranyl acetate blocks the transmission of electrons through it, while the biological component is electron lucent. The resultant printed photograph is a light particle surrounded by a darker halo. This contrast allows the morphology of the particle to be seen. Elucidation of particle morphology provides information about the genus or family to which the virus may belong, while eliminating other families or genera from consideration.

Other cellular components are sometimes identifiable, such as plant membranes or nonstructural viral inclusions, which you will learn more about in this course. Also, if a mixed viral infection is present you may identify particles of different morphologies.  Rod shaped particles are among the easiest to identify, while icosohedral or geminate particle are more difficult. An important fact to remember is that while the observation of particles of a particular shape is a positive finding, NOT finding virus-like particles does not necessarily imply anything. Samples may not have been taken from an area with virus, the virus titer may be very low, or the particles may be of morphologies difficult to visualize.

Materials
1.
transmission electron microscope grids: 3mm diameter, 400 mesh 

2.
glass slides

3.
filter paper

4.
PBS buffer (0.1 M Na-K phosphate buffer, pH 7.2 is generally suitable buffer)

5.
1% uranyl acetate in water. 

6.
filtered deionized water
7.
transfer pipettes

8.
single edge razor blades
9.       petri dishes 
10.     fine tipped tweezers (with O ring) for electron microscopy

Procedure
1.
Pick up a 400 mesh formvar-coated grid off the paper. The grids are sandwiched between the paper and the thin layer of formvar; touch only the edge of the grid with the tweezers; the formvar will tear where the tweezers touch it.

2. 
Use the o-ring to clamp the grid in the tweezers, with the formvar-coated side up. Cover with a petri dish lid to keep dust from settling on the grid. 

3. 
Using a single-edge razor blade (use a fresh blade for each sample), cut several small pieces of tissue from symptomatic (but not necrotic) areas of your sample and place on a microscope slide. Place 3-4 drops of phosphate buffered saline (PBS), pH 7.2 on the tissue pieces. Chop with the razor blade.


Don't macerate your tissue or the sap will coat the grid with an impenetrable sludge.  Be sure to use a new razor blade for each sample.  

4.
Place a small drop of this extract (just enough to cover the surface of the grid) on the grid. Cover with a petri dish lid. Let extracts stand on the grid for five minutes.  

5.
Blot the extract away by holding a small square of filter paper to the edge of the grid (still is clamped in the tweezers), and pull excess fluid off. 

6.
Rinse 2 times by placing a drop of filtered deionized water on the grid and quickly pulling it off with filter paper. 

7.
Discard the first 3-4 drops of the 1-2 % aqueous uranyl acetate solution into the hazardous waste container so designated; they may contain precipitate. Place the next drop of uranyl acetate on the grid and leave for 2 minutes. Pull off with filter paper, as above.

         NOTE: Uranyl acetate is both toxic and radioactive; however, you will be working with very small amounts and, if done properly, the solution should never touch your hands. Filter paper squares used to pull the uranyl acetate off the grid should be placed in the hazardous waste container.

8.
Cover with a petri dish. Allow the grid to dry for a few minutes and gently place in a grid box to view at your team’s scheduled appointment on the EM
NOTES 
1.
Grids:  These are very tiny and very fragile circular "screens".  The mesh is 400, and is coated with formvar.  Other mesh sizes are available, and may be provided for your use. All will work well in this procedure.


Formvar is a thin plastic, which forms a film and covers the grid, making a surface on which virus particles can settle and adhere.

2.
Too much tissue: This results in additional competition of plant proteins and virus particles for grid sites and makes it more difficult to quickly identify virus-like particles. Sometimes dilution of the original extract may aid in finding virus-like particles on the grid. It can be helpful to prepare a series of dilutions of the original extract of the sample.
3.
Phosphate buffer ‑ maintains stability of particles and helps prevent aggregation.  This is a general buffer.  Specific buffers, particularly those used in the purification procedure may be more effective.

4.
Virus was extracted in phosphate buffer and is therefore rinsed in the same.  This reduces the number of different solutions added to the grid assuring compatibility.

5.
Rinse with H2O so that phosphate and uranyl acetate do not interact, resulting in electron dense aggregates. Glass Distilled H2O:  This tends to be cleaner and have fewer particulates that might "settle out" onto the grid.  

6.
Negative staining: Particles do not stain except when the core is penetrated or the particles have empty shell components. The stain aggregates around the periphery of particles (this is ‘negative staining’)

7.
A concentrated electron beam or areas with large amounts of material on the grid cause heating and may damage that area of the grid. The thin formvar film may melt or tear.

8.
"Elliott/Baker" modification for viscous plant tissue‑ Chop the tissue in buffer.  Place a drop of extract on a hydrophobic surface, i.e. plastic petri dish or parafilm.  Turn the grid over and place it on top of the drop.  Allow it to float for 1 to 5 minutes before removing.   Continue with the standard procedure.  This is for viscous plant tissue which coats the grid surface too thickly to produce a clear image of a virus particle.

Further Reading

Christie, S. R., D. E. Purcifull, W. E. Crawford, and N. A. Ahmed. 1987. Electron microscopy of negative stained clarified viral concentrates obtained from small tissue samples with appendices on negative staining techniques.  Fla. Agric. Exp. Stn. Technical Bulletin 872.  45 pp.

REAGENTS AND SAFETY INFORMATION

1. BUFFER:

A phosphate buffer near pH 7.2 is commonly used in the leaf dip procedure, and will be provided for this exercise.  There may be situations when a different buffer is more appropriate, such as when a purified virus is being viewed. Use the buffer most suitable for the virus in question. 

A Na-K phosphate buffer prepared from two components mixed to achieve the desired pH is commonly used in biological electron microscopy. Following is the recipe for the buffer that will be available for class use.
0.1M Na-K Phosphate Buffer

0.1M

g/l
g/500 ml
g/250 ml

A:
  KH2PO4

13.6
6.8
3.4
B:   NA2HPO4-7H2O
26.8
13.4
6.7


While monitoring pH with a pH meter, mix components A and B to achieve pH 7.2. The approximate ratio to achieve this result is 1: 2.5 (v: v) (A: B).

2. URANYL ACETATE

Uranyl acetate is the commonly used stain for the leaf dip procedure. While there are other stains which may be used, uranyl acetate is the most common, and will be provided for use in class. 

Uranyl acetate is classified as a hazardous material by the Environmental Health and Safety Department at UF, and must be handled accordingly. Uranium is a heavy metal and radioactive. Following proper handling procedures will protect you and keep us in compliance with EH&S requirements. 

IN BRIEF, NO URANYL ACTATE OR URANYL ACETATE CONTAMINATED SOLIDS ARE TO BE PUT DOWN THE DRAIN OR ENTER THE COMMON SOLID WASTE STREAM.

1. Wear disposable gloves when using uranyl acetate. Place used gloves in the uranyl acetate solid waste container provided.

2. There will be very little liquid uranyl acetate waste to deal with. If there is, a container for liquid uranyl acetate is provided.

3. All solids, such as filter paper, pipettes, and Parafilm which are contaminated by uranyl acetate must be disposed of in the uranyl acetate solid waste container provided.

This uranyl acetate will be provided for use in class: 1% Uranyl Acetate in Water

Uranyl acetate is stored in the dark. 
