The Champagne Artifact

in Negative Staining TEM
John J. Bozzola, Southern lllinois University

Megalive staining is a simple yel extremely useful procedure for exam-
ining nanomeler-sized specimens such as intact microorganisms (viruses
and some bacteria), subcellular components, and even nonbiological particu-
lates, It is & well established procedure, with exlensive literalure in many
disciplines (Hayat and Miller, 1820). Although numeanous variglions exist, the
basic procedurs Invalves placing the specimen and stain cnto & grid contain-
ing & substrate - usually plastic with or without a carbon backing. The slains
consist of salts of heavy medals such 25 lungslen, uranium, or malybdenum
which surround and eften penetrate the specimean. After drying inlo an amor-
phous, glassdike background, the stains provicde confrast based upon differ-
ential thickness. Areas containing thicker deposits of stain will appaar darker.
For example, viruses will usually show a dark halo surrcunding the parficles
sinca the stain is held tghlly against the particles due o surface tension
farces.

hegative staining is a misleading term sincz it implies negative con-
trast: macromolecules should appear ight against & derkly stained back-
ground. In fact, mosl negative stains will show both positive and negative
slaining since the stein may react with macromolecules (uranyl acetate and
ONA, for exemple) as well a5 suround the specimen.

& curicus phencmenan, which some researchers have dubbed
‘champagning® {I. L. Shechmeister, persenal communication], may be ob-
served under ceriain conditions. In these cases, instead of a smoath, amar-
phous sizin, there appear scattered thraughout the stain numerous holes
which some imaginative scientisls claim resemble the bubbles seen in cham-
pagne. Unliks the lalter, howaver, the bubbles seen in negative sfains do not
elicit a eupharic reaction since they ofien checure the fine details of fhe
specimen and may be mistaken for actual macremolecules. It is important to
be able fo recoagnize these arifacts and to minimize or eliminate e occur-
rence of this phenomenon,

Figura 1 shews a single herpes virus obtained from the urine of an in-

fant cangenitally infected with cylomegeiovirus. The urine was ullracentrifuged to
cancentrate the virus and Lhe sedimant suspended in 50 microliters of 2% (il
vol) potassium phasphatungstate. Various degrees of champagning ara evident,
ranging frem large, clear circular areas clustered to one side of the virus as wall
as tiny, translucent, particle-like struclures scattered throughout the entire back-
ground. Althaugh the microseopist would have no problem recognizing the viral
particles, the busy background would interfere with any attempts o react e
wirus with specific antihody.,

Figure 2 shows three, membrane-bound, parainfluenza virusas stained with
potaseium phosphelungstale. In this instance, champagning occurs as anly the
iny, pariicla-like structures scatterad throughout the background,

Figure 3 shows a single membrane-bound Sendai virus with minimal cham-
pagning arlifacl. In this instancs (as in Figure 2) the halo surraunding The virus
parlicle contains acual surface projections in the membrane of the vius, The
two, large, circular bodies are portions of membrane probably derived from dis-
mipied host cells,

In my own experience, champagning may oocur under & variely of condi-
tions. Although | have listed the conditions, please be aware that these are, by
no means, all-inclusive end other conditions may passibly induce the arfifact. A
summary of these conditions follows:

1. Improper spreading of the negative stain aver the surface of the subslrate.
This miay be caused by the hydrophebic nature of the carbon eoating. Use & high
voltage, AC glow-discharge unit to freat the grids just before depositing the
specimen and stain omo the gnid, Include a wetting agant such a bovine serum
alturnin (1% vobivol) in the negative stain solution,

2. Inadequate drying of the specimen, If water is trapped in the preparation, it will
bail under the beam and high vacuum tha TEM. Make sure that the specimen is
tatally dry bedore insertion into the microseope. Dry the spaciman in 8 45-50 de-
qree aven for at least 20 minutes prior 10 examination. In addifion, vse (he mini-
mum amaunl of irradiation of the specimen by the electron beam {small spot size
in C2). I more: beam current is needed, critically cbserve the specimen as the
current is increased o detect the development of the artifact.

3. Inclusicn of volafile substances in the spaciman, Sucrose, for example, may

Figura 1 - Herpes Vius

Figura 2 — Parainflugnza Yirus
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be present in the sample and will quickly mell and boil in he aleclron beam.
Whenever possible, remove the sucrose by dialysis or centrifugation. Same salts
may behave in & similar manner.

4, Clumped ar overly concantrated preparaiions. Such denss deposits of organic
materials tend 10 sequesier moisiure and trap sugars and salls which boil or
even explode under the beam. Qilute such preparalions and disperse them by . o
genile pipetting ar storage overnight in a buffered solution. Upgrade y()ur ex1 Stlng EDX

Recognizing this artifact is difficult for beginnars and sometimes even expe- . .
rienced microscopists have mistaken the artifact for real structure. Two good System Wlth the Wﬂrld leﬂ.dﬁr 1mn
ways to detect the arfifact would be 10: (a) use a variety of negaiive stains and
staining conditions on the same specimen and (b) eritically absarve the stain aﬁordable EDX upgrades
background immedistely when the beam iradistes it gince the arfifact can be
chserved to form in the microscope. f you ane sfill unable to determing if the
struciuras are real, then avoid the use of siains and Iry low angle shadowing of
the specimen with platinum — as is used to conlrast nucleic acids
(Trendelenburg and Puvien-Dutilleul; 1287, Willison and Rowe, 1980). You could
contact ather microscopists experenced with negative slaining technigue and ; B VETRRN,
ask them te perform a stain on your specimen, If they succead with your spaci- E .-'\JLA-q.
men, then it would be worthwhile spending some time in their [aboratory leaming o
what you are doing wroeng. Once you have determined the cause of your prob- — r— T
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Figura 3 — Sendai Virus
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