
CHAPTER 8 

Replicas, Shadowing, and 
Negative Staining 

As has been mentioned previously, TEM images are primarily produced by the electron
scattering properties of a specimen. Contrast occurs when there are specimen areas that 
stop (scatter) electrons and also areas that let most of the electrons pass through. Thus, 
the image results from subtractive contrast. We impregnate tissues and sections with a 
variety of heavy metals to scatter electrons, as discussed in Chapter 6, but we can also 
surround particulates with heavy metals (negative staining) or cover particulates, cells, 
and tissues with thin metal films that have areas of differential beam-stopping 
capability (replicas produced by shadowing). This chapter will discuss these two added 
techniques for building subtractive contrast, pointing out the commonly used tech
niques and a few remedies to specific problems that may be encountered. 

I. SHADOWING CASTING 

Shadowing casting (shadowing) and making replicas both involve coating a speci
men surface with metals. A shadowed preparation is one in which metals are evapo
rated at an angle to the specimen so that the metal is preferentially condensed on the 
high points of the sample surface toward the evaporated metal source (Fig. 116). If the 
specimen consists of a thin layer of particulates, such as bacterial flagella, the speci
men, with its overlying shadow of metal, may be viewed in toto. On the other hand, if 
the specimen is a relatively thick sample (e.g., a layer of mammalian cells), a conven
tional electron microscope beam would have difficulty penetrating both the thin film of 
evaporated metal and the biological material beneath. In this case, after the tissue is 
shadowed, all biological materials are removed by digestion with acids (concentrated 
HCl or H2S04 ) and/or bases (sodium hypochlorite, such as Clorox®). The remaining 
film is then rinsed thoroughly, picked up on a grid, and dried. The metal film is a 
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FIGURE 116. Diagram of a sample of particulates (P), showing the deposition of metal on the electrode side 
of raised portions of the sample, producing a shadow. 

replica of the original sample surface that can be penetrated by the electron beam and 
viewed with the TEM. 

Shadowing may be used to develop contrast in specimens of low topography 
(DNA, RNA, flagella, bacterial pili) or specimens of relatively high topography 
(freeze-fracture preparations or cellular organelles, such as whole Golgi bodies). Ulti
mate resolution is typically limited by the grain-structure characteristic of the metal(s) 
employed in the shadowing process, even though other factors are capable of decreas
ing resolution, as discussed below. 

A. Mechanism 

The principle behind shadowing is that if a metal is heated to its boiling point in a 
chamber held at 10-5 Torr or less, the individual evaporated atoms of metal will have a 
fairly unimpeded path through the chamber until they encounter the specimen (and 
other surfaces, such as the bell-jar surface and electrode assemblies). When the metal 
atoms strike the specimen surface, they will condense, since the specimen temperature 
is lower than that of the recently evaporated atoms. At a vacuum of 10-6 Torr, the 
mean free path of an evaporated metal atom is about 6.8 cm (Stuart, 1983). In basic 
terms, this means that an atom of metal leaving the heated electrode surface will, on the 
average, travel 6.8 cm before colliding with any residual gas molecules. Stuart states 
that "our calculations have included mere elbow brushes and bumps between molecules 
as collisions," meaning that the mean free path is actually considerably greater than 
that stated above. Electrodes are usually placed within 8-10 cm of the specimen being 
shadowed. Hence, the evaporated metal atoms that leave the filament in a trajectory 
toward the specimen (since metal atoms evaporate from all around the filament and 
many are not aimed in the direction of the specimen) should arrive and condense onto 
the specimen surface without any serious deflection from their path from gas molecules 
within the chamber. 
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TABLE 7. Metals Commonly Used for Shadowing 

Element Atomic no. Atomic wI. Melting point Boiling point 

Gold (Au) 79 197 1065°C 2700°C 
Palladium (Pd) 46 106 1555 3167 
Platinum (Pt) 78 195 1774 3827 
Tantalum (Ta) 73 181 2996 5429 
Tungsten (W) 74 184 3410 5900 

B. Metals Used 

A number of different metals are used to shadow specimens and to make replicas. 
The metals are chosen on the basis of ease of evaporation, fineness of grains produced 
on the specimen, and alloying properties with each other as they condense on specimen 
surfaces. Some of the characteristics of the metals most commonly employed are listed 
in Table 7. 

C. Vacuum Evaporators 

Shadowing is performed with vacuum evaporators, which provide the high vac
uum (10- 5 to 10-6 Torr) necessary to ensure a largely unimpeded path between the 
metal source and the specimen surface. The typical apparatus consists of a bell jar, 
which is ultimately evacuated by a diffusion pump (with or without a cold trap), backed 
by a rotary pump. Thermocouple or Pirani gauges monitor low vacuum, while a 
discharge gauge is used once high vacuum is reached. The vacuum chamber contains a 
number of terminals to which electrodes can be attached, as well as low-voltage 
terminals to which devices for rotating and tilting specimens can be connected. Some 
vacuum evaporators are also equipped with a glow-discharge unit, which is used to 
increase the hydrophilicity of film-coated grids (see Hayat and Miller, 1990, for 
construction details for a simple bench-top glow-discharge unit). 

Evaporators may contain three types of evaporative sources. The simplest consists 
of two electrically isolated terminal posts between which metal wire or metal foil boats 
can be connected and heated (Fig. 117). A second type of source has terminals that 
hold carbon rods. One of the carbon rods is driven by spring pressure toward the other 
to keep the two carbon rods in intim3te contact as they evaporate (Fig. 118). The final 
source type (electron beam gun) contains a coil of tungsten in close proximity to a 
carbon rod with a hollowed-out tip within which is fused a metal pellet (Fig. 119). 

Some evaporators are equipped with crystal film monitors used to determine 
precisely the thickness of metal and/or carbon films evaporated onto specimens. These 
devices consist of a quartz crystal, which oscillates at a specific frequency when 
supplied with electrical current. As films are deposited on its surface, the frequency of 
the crystal vibration changes. The frequency of vibration is monitored with an elec-
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FIGURE ll7. Types of electrodes. Top: Wire/boat-holding electrodes. Bottom: Examples of evaporator 
supplies: (I) tungsten wire basket; (2) coil of platinum wire to be evaporated; (3) carbon rods prepared for 
evaporation; (4) molybdenum boat for cleaning apertures. 
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FIGURE 118. Carbon rod electrodes. Attachment of platinum wire coil for evaporation is shown. 

tronic sensing circuit so that evaporation can be halted when the film being deposited is 
thick enough. 

If a crystal film monitor is not available, a small piece of predried 3 x 5 card stock 
can be put into the vacuum chamber along with the specimen. After a typical evapora
tion run, the card should be lightly brown from the evaporated material. After the 
actual specimen is examined, future evaporation runs can be matched to the previously 
successful conditions that produced the card color. 

Caution should be exercised with all vacuum equipment to avoid backstreaming. 
If excessive roughing of a bell jar takes place, there is some danger that oil from the 
rotary pump will backstream into the chamber, potentially coating the specimen sur
face and preventing the evaporated metal from adhering to the specimen. The diffusion 
pump can also produce an oil film on a specimen surface if not backed adequately or 
cooled properly. 

FIGURE 119. Electron beam gun minus 
shields, aperture, and power supply. The car
bon rod (A) has a hole drilled into its end in 
which is a fused platinum pellet (C). The rod 
is surrounded by a tungsten coil (B) that is 
heated with current to produce evaporation 
of the tip of the carbon rod and platinum 
pellet. 

~ DIRECTION OF 
EVAPORATION 
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An oil film is used to monitor film deposition in some laboratories. A droplet of 
diffusion oil is placed on a small cleaned porcelain crucible top near the specimen to be 
shadowed. As the metal and/or carbon is evaporated, the cap surface becomes 
darkened, except where the droplet of oil is located. Some vacuum evaporator man
ufacturers do not recommend this practice because of the chance that the oil may 
become vaporized by the vacuum developed in the system, thereby contaminating 
specimen and bell jar surfaces. 

D. Electrodes 

Electrothermal heating is produced when a current is passed through electrodes 
composed of a resistant material (carbon rods, tungsten wire, molybdenum boats). If 
the current is sufficiently high (20-50 A), the resistant material will become hot 
enough to evaporate. 

For carbon evaporation, one of the rods (the nondriven one) is left flat but is 
polished with 400- to 600-grit emery paper, followed by further polishing on a piece of 
card stock until it has a mirror-like surface. The driven rod is polished the same way 
and then either sharpened to a point, or the tip is reduced to a smaller diameter (Fig. 
120). The decreased diameter produces increased resistance to current flow, yielding 
increased heating (and evaporation) in the tip area. The length of the reduced diameter 
tip can be adjusted to determine the amount of carbon to be evaporated. If metal wires 
such as platinum are to be evaporated simultaneously with the carbon, they are wound 
tightly around the tip of the driven rod, heated gently once good vacuum has been 
achieved so that they fuse with the carbon rod, and then heated more vigorously to 
evaporate them. If they are heated too rapidly, the wire will suddenly melt and drop off 
the rod before it evaporates significantly. 

Wire electrodes are typically made from tungsten, which is either coiled into 
baskets or bent in the middle (see Fig. 117). The coiled area or the bend in the wire is 
the point of highest resistance. Metals with boiling points below that of tungsten are 
placed in the basket (wires should be balled up first) or wrapped around the bend in the 
filament. When high vacuum has been reached, the filament current is increased 
slowly until the noble metal alloys with the filament. Then the filament temperature is 
gradually increased until evidence of evaporation is noted by darkening of the card 
stock or activity of the crystal film monitor. When all the noble metal is evaporated, the 
current is turned off to the electrode. Unless the original source was a carbon/platinum 
mixture, it is customary to follow the metal evaporation with a coat of evaporated 
carbon to give greater stability to the metal film. 

Metal boats are usually used to clean apertures from the electron microscope. The 
apertures are placed within the molybdenum boat, high vacuum is achieved, and then 
current is applied to the electrodes holding the boat until the apertures glow red. After 
about 1 min, the current to the electrodes is shut off, the apertures are allowed to cool, 
and then they are removed from the vacuum evaporator. Do not vent the bell jar when 
the apertures are still glowing, because there will be a risk of oxidation and contami
nation. 
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FIGURE 120. Carbon rods prepared for evaporation. 

Electron-beam heating employs a source designed somewhat like a LaB6 gun on 
an electron microscope. The metal to be evaporated (usually platinum) comes in the 
form of a small pellet, which is placed in the hollowed-out tip of a carbon rod. The rod 
is heated under vacuum until the pellet fuses with the carbon. To evaporate both carbon 
and platinum onto the specimen surface, a heated coil of tungsten (the cathode) emits 
electrons, which bombard the anode (the carbon rod containing the metal pellet). The 
kinetic energy of the electrons elevates the anode temperature, causing evaporation of 
the rod tip (carbon and metal). The rod itself is not subject to current flow, as is found 
with electrothermal heating of filaments described above. The advantage of electron 
beam guns is that 10-15 evaporative runs can be made without having to replace the 
carbon rod/pellet source, while the typical tungsten basket containing metal to be 
evaporated or the carbon rods driven into each other have to be replaced after every 
run. 

E. Factors Leading to Fine Grains of Shadowed Metal 

The evaporative process results in metal deposition (condensation on any rela
tively cooler surface) followed by nucleation (accumulation of metal atoms around 
previously deposited metal atoms). There are several factors that must be considered in 
order to maintain the finest grain size and, thus, the highest resolution. 

Low total metal deposition will produce finer grain because the nucleation process 
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will be minimized. Thus, only the minimal amount of metal necessary to produce the 
image quality desired should be evaporated. 

If the current is raised quickly, larger groups of metal atoms can be released from 
the filament at a time. If the current is increased too quickly, the metal to be evaporated 
will fall off the electrode filament without actually evaporating. Thus, more gradual 
deposition is achieved by raising the current slowly to just above the point where 
evaporation begins and finer grain size will result. 

A cooler substrate (specimen) temperature will result in quicker condensation of 
the evaporated metal. In some instances, the stage surface upon which the specimen is 
placed may be cooled with water to increase the rate of condensation. 

Metals evaporated at a steep angle (normal to the specimen surface) will produce 
finer grains than those evaporated at a shallow angle. Of course, a steep angle would 
also produce negligible shadow, the point of the exercise. The shallower the angle, the 
greater the nucleation that will occur. 

Finally, simultaneous evaporation of two metals (or carbon and a metal) will 
reduce the metal aggregate size by increasing the distance over which an atom must 
move in order to find a place within the crystal lattice formed. 

F. Shadowing Techniques 

Shadowing may be directional or rotary, high angle or low angle. If the specimen 
has relatively high topography (a fractured surface or whole cells), it is customary to 
use a relatively steep angle (45°) with a stationary specimen. This results in a reason
able amount of metal deposited on surfaces projecting above the specimen support and 
facing the electrodes. If, on the other hand, the specimen has little height or topogra
phy (DNA) and shadowing is used to produce more specimen bulk for visualization, 
rotary shadowing at a low angle (10°) is employed. With DNA preparations, the 
relaxed and spread DNA is put on grids, which are then attached to a platform turned 
rapidly by an electric motor while metal is evaporated onto the surface at a low 
angle. 

G. Sputter Coating 

Sputter coating generally produces metal films of greater grain size than those 
produced by evaporative coaters. Sputterers were developed primarily to coat speci
mens for relatively low-resolution SEM work. They do not need a high vacuum to 
operate (a rotary pump producing /0-3 Torr is adequate), because they do not need to 
provide a long mean free path for metal atoms, as is necessary for vacuum evapora
tion. 

A sputter coater (Fig. 121) consists of a vacuum chamber containing a noble
metal-plated cathode and an anode upon which the specimens are placed. A permanent 
magnet is situated in the center of the cathode to deflect electrons from the specimen 
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FIGURE 121. A sputter coater (Hummer VI from Anatech) showing the bell jar (A); specimen stage (B), 
which is the anode; the gold-palladium ring (C) serving as the cathode; and the permanent magnet (D) in the 
center of the cathode. 

surface (to avoid heating the specimen). After a vacuum is achieved, a high-voltage 
field is produced between the cathode and anode surfaces. Then an inert gas (argon) is 
admitted to the chamber, allowing current flow between the cathode and anode. The 
electron flow ionizes the argon gas, and the argon ions are accelerated by the electrical 
field toward the cathode. As they strike the cathode at high speed, the argon ions 
dislodge metal atoms (e.g., gold/palladium), which then condense on surfaces inside 
the vacuum chamber (the specimens). All of this activity takes place below the boiling 
point of the metals used. Thus, unlike vacuum evaporators, the metal being deposited 
has little heat to transfer to the specimen surface (since the metal has not been heated to 
its boiling point), so little chance of thermal damage to the specimen exists. Sputter 
coating at relatively low vacuum also results in numerous collisions between metal 
atoms, argon ions, and electrons, so a visible discharge cloud arises. All of these 
collisions result in a nondirectional metal coating that will evenly coat very irregular 
surfaces, resulting in no shadows, as produced with vacuum evaporators, even though 
the specimen is neither rotated nor tilted during the coating process. 

The recent advent of high-resolution field emission gun SEMs capable of resolv
ing aggregations of gold palladium deposited by conventional sputter coaters has 
driven some manufacturers (Denton Vacuum) to produce higher vacuum sputter coaters 
that coat specimens with chromium. Chromium has a fine grain structure compared to 
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other metals traditionally used, but is subject to oxidation, leading to shorter shelf life 
for coated specimens. 

II. NEGATIVE STAINING 

Farrant (1954) introduced negative staining as a method to visualize ferritin parti
cles. Since then it has been utilized to visualize macromolecules (milk proteins, en
zymes, hemoglobin), surface components of cells (bacterial pili, flagella), internal 
cellular organelles (Golgi bodies, nuclear pores, mitochondrial membranes, micro
tubules, microfilaments), and viruses. 

A. Mechanism 

Suspensions of the structures to be visualized are supported on a film-coated grid 
and surrounded by a solution of heavy-metal stain that covers the grid surface and is 
mostly excluded by the biological material because of surface tension interactions. 
Thus, the bulk of the grid surface is covered with heavy metal that blocks some of the 
electron beam, while the specimen, which has excluded most of the stain but has had 
stain penetration of open irregularities in the particle surface, allows more of the beam 
to pass through. This procedure produces contrast between the specimen and the 
background, and also dehydrates the specimen. After a specimen is negatively stained, 
it should be examined within a day or so, because the preparations do not keep 
indefinitely. Viral capsomeres that are clearly defined shortly after negative staining 
with phosphotungstic acid (PTA) will usually be indecipherable 1-2 days later. 

The negative staining process is inexact and not reproducible in the normal sense 
of the word (two grids prepared at exactly the same time in the same fashion often have 
dissimilar stain distribution). With a typical viral preparation, some of the particles will 
exclude the stain, which will form a slightly gray background right up to the edge of 
the viral particle. Other particles will exclude the stain but will have large amounts of 
stain pooled next to the particle, resulting in a completely electron-opaque zone around 
the particle. Some of the particles (usually described as "defective") will exhibit 
leakage, with stain inside the particles making them electron dense. Some areas of the 
grid may appear to be unstained, with no gray or black stain background and no visible 
particles, while an occasional grid square will contain such a deep layer of negative 
stain that the grid square is impenetrable to the beam. All of these situations can be 
encountered on one grid, which is why workers attempting to do quantitative virology 
or any study involving counting structures per unit area would be best advised to use 
another technique for their studies, although the technique does have some supporters 
(Miller, 1982). 

Some staining solutions cause shrinkage, some structures are best fixed first, and 
some specimens are fragile at certain pH ranges. Hayat and Miller (1990) provide 
lengthy discussions of artifacts produced during negative staining, along with many 
other aspects of negative staining. 
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B. Methods 

1. Nebulizers 

Home (1965) introduced a technique using a nebulizer to spray a mist of sus
pended viral particles onto film-coated grids that were subsequently negatively stained. 
This procedure has always been discouraged in our laboratory because an aerosol of 
viruses could have serious repercussions. Many viruses remain viable after drying, 
exposure to negative stains, and, in some cases, fixation with aldehydes. Even viruses 
that have no demonstrated human pathogenicity should be handled carefully, since they 
may cause respiratory problems or replicate in humans without necessarily producing 
overt disease (Hayat and Miller, 1990). 

2. Droplet Method 

A droplet of the suspension to be examined is placed on a film-coated grid held in 
forceps lying on a Petri dish lid under an appropriate hood. After 4-5 min, during 
which the particulates attach to the film (primarily by electrostatic forces), the grid is 
wicked almost to dryness with a fresh sheet of Whatman # 1 filter paper, which should 
be disposed of in the autoclavable waste container (as are all waste materials generated 
by this procedure). Do not let the grid dry completely, or crystals of precipitated media 
or buffer salts may form on the grid surface. Immediately add one drop of the negative 
stain solution to the surface of the grid. Any remaining salts from the media or buffer 
will be sufficiently diluted by the negative stain that they will not precipitate when the 
grid is subsequently dried. After 30 sec, wick the grid completely dry with a fresh 
piece of filter paper. Gently blot the surface of the grid with the filter paper and place 
the grid on a dry piece of filter paper in a Petri dish until it can be examined. 

If a brief distilled water rinse is utilized after negative staining, very light staining 
with excellent resolution can be achieved in some cases. However, this procedure may 
produce grids with too little contrast to be of any use. 

Rather than placing particle suspensions onto grids held in forceps, some workers 
place the suspensions and the negative stain drops on Parafilm® and then float grids, 
with coated surfaces down, on the droplets. Some workers leave suspensions on grids 
for 30 min, but this does not appear to increase particulate attachment to the grid 
surface appreciably. In some instances, particulate suspensions and negative stain are 
mixed together, are brought into contact with a film-coated grid for several minutes, 
and then the grids are blotted dry. Hayat and Miller (1990) suggest that a grid with 
adsorbed viral particles that could be pathogenic should be placed onto a drop of 
glutaraldehyde for 10 min to kill the viruses and to reduce the danger of accidental 
infection. A thorough review of various methods for staining particulates with negative 
stains may be found in Hayat and Miller (1990). 

3. Types of Negative Stains 

Solutions of various heavy metals at different pHs have been used effectively to 
stain biological materials, but the four most commonly used are uranyl acetate, phos-
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photungstic acid, ammonium molybdate, and methylamine tungstate. Nermut (1982) 
discussed the advantages of various stains and the appropriate pH at which they should 
be used to accentuate features of enveloped vs. nonenveloped viruses. He reported that 
acidic pH is best for membrane structures (such as glycoprotein knobs, or spikes 
associated with enveloped viruses, such as coronaviruses), and that alkaline pH works 
well to demonstrate internal proteinaceous components (nucleocapsids). He also sug
gested that grain size of the final dried stain should be considered, with phospho
tungstic acid and ammonium molybdate having fine grain size. Unfortunately, they 
also have less contrast than the more coarsely grained uranyl acetate. 

a. Uranyl Acetate 

Uranyl acetate is used as a 0.2-4% aqueous solution with a pH of 4-5. Since a 
4% solution is saturated, the stain should not be taken from the bottom of the container 
to avoid picking up crystals of uranyl acetate. The solution will keep for weeks at room 
temperature in a dark bottle. The stain is unstable above pH 6.0, and both negative and 
positive staining can be observed in the same material. Hayat and Miller (1990) 
suggest that 2% aqueous uranyl acetate is good for viral staining (30 sec to 2 min), 
because viral structure is stabilized and grids can be observed months after preparation. 
They also suggest that a 1 % aqueous solution is the preferred stain for visualizing 
macromolecules. 

b. Phosphotungstic Acid 

Phosphotungstic acid (PTA) is customarily made by dissolving sodium phos
photungstate in distilled water and adjusting the pH to 7.0-7.2 with NaOH. The 
solution is stable for several years if stored at 4°C. At this pH, viral nucleocapsids are 
well defined. Hayat and Miller (1990) state that staining time over 30 sec will result in 
overstaining, but our laboratory has not noted major differences in materials stained 
from 30 sec to 5 min. This is probably the most commonly used negative stain solution 
in the literature. 

c. Ammonium Molybdate 

Ammonium molybdate dissolved in distilled water (3%) will have an unadjusted 
pH of about 6.5. Ultrathin frozen sections stain well in about 30-60 sec (H. Sitte, 
personal communication). Large crystals can sometimes form through recrystallization 
caused by heating from the electron beam. 

d. Methylamine Tungstate 

Methylamine tungstate was first used by Faberge and Oliver (1974) as a negative 
stain. Stoops et al. (1991) employed this stain to visualize human (X2-macroglobulin. It 
is complicated to formulate (see Hayat and Miller, 1990) but can be used over a broad 



REPLICAS, SHADOWING, AND NEGATIVE STAINING 221 

pH range and can be mixed with PTA. It is customarily prepared as a 2% aqueous 
solution at pH 6.5-8. 

4. Wetting Agents 

As mentioned previously, an unfortunate aspect of negative staining is that the 
stain does not spread evenly or even predictably in almost all cases. This is caused 
primarily by the hydrophobicity of the plastic film (Formvar, collodion) that serves as a 
specimen substrate. Some workers insist that grids should be used immediately after 
preparation, some say that they will only work well for a few weeks, some say carbon 
coating improves them, some say carbon coating makes them more hydrophobic, and 
some say they should be glow-discharged (and used immediately) to make them more 
hydrophilic or exposed to strong ultraviolet radiation (see Hayat and Miller, 1990, for 
further discussion). Our laboratory has not been able to demonstrate that carbon coat
ing improves specimen and stain spreading. Fresh films tend to wet better than ones 
that are over a week old, but the difference between week-old and year-old coated grids 
seems negligible. The only guaranteed method for spreading the specimen and subse
quent stain is to utilize a wetting agent such as the antibiotic bacitracin (500 ILg/ml) or 
bovine serum albumin (0.01-0.02%). Bacitracin is a smaller molecule than BSA, so it 
usually gives less background. 

Bacitracin (Gregory and Pirie, 1973) dissolved in distilled water (1,000 ILg/ml) 
not only allows the stain to spread evenly on the film-coated grid surface, but also can 
reduce surface tension features associated with the specimen. Dykstra (1976) has 
studied a protozoan with scales of 4.0 nm x 4.0 ILm, which coated the cell surface. 
When isolated, the scales rolled up tightly into tubes, and normal negative staining 
procedures did not relax the scales. If the scale suspension was mixed 1:1 with the 
bacitracin solution and a film-coated grid was then suspended on the resulting droplet 
for 2 min and subsequently stained with 1 % aqueous uranyl acetate, the scales flattened 
out and were easy to visualize. 

REFERENCES 

Dykstra, M.l 1976. Wall and membrane biogenesis in the unusuallabyrinthulid-like organism Sorodiplo
phrys stercorea. Protoplasma 87:329. 

Faberge, A.C., and Oliver, R.M., 1974. Methylamine tungstate, a new negative stain. J. Microscopie 
20:241. 

Farrant, lL. 1954. An electron microscopic study of ferritin. Biochim. Biophys. Acta 13:569. 
Gregory, D. W., and Pirie, J.S. 1973. Wetting agents for biological electron microscopy: I. General consider

ations and negative staining. J. Microsc. 99:261. 
Hayat, M.A., and Miller, S.E. 1990. Negative staining. McGraw-Hili, New York. 
Horne, R.W. 1965. Negative staining methods. In: Techniquesfor electron microscopy, 2nd ed., R.W. Kay 

(ed.), Blackwell, Oxford. 
Miller, M.F. 1982. Virus particle counting by electron microscopy. In: Electron microscopy in biology, Vol. 

2, lD. Griffith (ed.), John Wiley and Sons, New York. 



222 CHAPTER 8 

Nermut, M.V. 1982. Advanced methods in electron microscopy of viruses. In: New developments in 
practical virology, C.R. Howard (ed.l, Alan R. Liss, New York. 

Stoops, 1.K., Schroeter, J.P., Bretaudiere, J.-P., Olson, N.H., Baker, T.S., and Strickland, D.K. 1991. 
Structural studies of human O:2-macroblobulin: Concordance between projected views obtained by 
negative-stain and cryoelectron microscopy. 1. Struct. Bioi. 106: 172. 

Stuart, R.V. 1983. Vacuum technology, thin/ilms, and sputtering. An introduction. Academic Press, New 
York. 


