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Abstract

Background purpose: The revolution in microscopy came in 1930 with
the invention of electron microscope. Since then, we can study specimens on
ultrastructural and even atomic level. Besides transmission electron micros-
copy (TEM), for which specimen preparation techniques will be described
in this article, there are also other types of electron microscopes that are not
discussed in this review.

Materials and methods: Here, we have described basic procedures for
TEM sample preparation, which include tissue sample preparation, chem-
ical fixation of tissue with fixatives, cryo-fixation performed by quick freez-
ing, dehydration with ethanol, infiltration with transitional solvents, resin
embedding and polymerization, processing of embedded specimens, section-
ing of samples with ultramicrotome, positive and negative contrasting of
samples, immunolabeling, and imaging.

Conclusion: Such collection of methods can be useful for novices in
transmission electron microscopy.

INTRODUCTION

Many biological structures that we would like to study are so small
that naked eye is unable to see them. For this purpose, numerous
variations of microscopes have been developed. The revolution in micros-
copy came in 1930s with the invention of electron microscope, which
made it possible to study specimens at first on the ultrastructural level,
and later even atomic level (Z). There are two types of electron micro-
scopes: transmission electron microscope (TEM) and scanning electron
microscope (SEM). Here, we are going to describe basic protocols for
TEM specimen preparation. TEM has resolution of up to 0.1 nm, which
is thousand times greater than light microscope. This is possible because
of the short wavelength of electron beam (2). With TEM, significant
advancements in analyses of cellular compartments, such as cytoskeleton,
membranes, organelles, cilia, etc. have been made (3). TEM is using a
beam of electrons, produced by the electron gun operating at high vole
ages, usually from 25 kV to more than 200 kV; to illuminate the speci-
men. The passage of electron beam is controlled by two pairs of electro-
magnetic lenses, condenser and objective lens, and this layout is similar
to the one in the light microscope. Electron beam produced by the elec-
tron gun is focused on the specimen by condenser lens and after that
projector lens is creating enlarged picture of the specimen on the fluores-
cent screen. All these components of TEM are under a high vacuum in
order to avoid collisions between electrons and air molecules. In these
conditions specimens must be dehydrated, otherwise the presence of wa-
ter could cause their collapse under vacuum. The electron beam must be
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able to penetrate the specimen. For this reason, biological
specimen must be very thin, not thicker than 100 nm (2).
Although TEM is more than appropriate device to study
the internal structure of biological cells, conditions inside
TEM and preparation of specimens may damage the cells.
Steps needed to prepare specimens for TEM include fixa-
tion, dehydration, infiltration with transitional solvents,
embedding with resins, resin polymerization, sectioning,
and contrasting (7). Since the current literature lacks basic,
simple protocols about TEM samples preparation tech-
niques for novices, the aim of this review is to explain the
basics of TEM, introduce those techniques to young re-
searchers without much electron microscopy experience,
and help them to learn fundamental sample preparation
techniques.

PREPARATION OF BIOLOGICAL
SPECIMENS

Firstly, methods of electron microscopy did not in-
clude sample fixation which we practice today. Prior to
microscopy samples were just dried out onto a grid, but
because of that, quality of images was not much better
than when light microscopes were used. Shortly after
these first images were obtained, it became clear that
specimens need to be fixed, embedded, sectioned, and
stained. Till this day, basic specimen preparation proce-
dures from 1960s are still in use in many laboratories,
with only slight modifications (4). As already mentioned,
procedure of sample preparation with thin sectioning
consists of fixation, dehydration, infiltration with gradu-
ally increasing concentration of transitional solvents,
resin embedding, and its polymerization, sectioning, and
contrasting. The goal of fixation is to preserve biological
specimens from damage, to maintain its natural condi-
tions, and to stabilize molecules against disruption by
subsequent procedures such as dehydration and resin in-
filtration (4). There are two variations of this procedure:
chemical fixation and cryo-fixation (2). For maximum
tissue preservation it is important to choose proper meth-
od of fixation corresponding to the type of samples and
structures of interest that need to be visualized. Here, the
selection of fixatives and buffers plays the major role. In
all these procedures, tissue needs to be handled carefully,
in order to preserve cellular ultrastructures as close to the
natural state as possible (5). Damage of tissue structures
must be minimized, and the sample should be able to
withstand subsequent vigorous handling, such as dehy-
dration (6). Quality of specimens depends on each step
of the procedure, and because of that, it is important to
follow defined protocols (1).

CHEMICAL FIXATION

The most common procedure of chemical fixation is
primary fixation using glutaraldehyde, mostly because of
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its capability of protein cross-linking and preservation of
lipid structures, carbohydrates, and nucleic acids (2). The
amount of proteins to be cross-linked with the fixative
depends on the temperature and the pH of the fixation
medium (5). Primary fixation is followed by secondary
fixation or post fixation. Post fixation is done with os-
mium tetroxide that mostly reacts with unsaturated lip-
ids, but also with proteins, nucleic acids, and carbohy-
drates. Tissue needs to be cut with razor blade into small
pieces (not larger than 1 mm?) in a drop of primary fixa-
tive, in order for fixative to penetrate the sample evenly.
After that, tissue is infiltrated in primary fixative for 1
hour. Glutaraldehyde is replaced with cacodylate buffer
and rinsing lasts for additional 2 x 10 minutes. After-
wards, cacodylate buffer is replaced with osmium tetrox-
ide for further 1h of infiltration. The last step of fixation
includes replacement of osmium tetroxide with distilled
water, 4 x for 10 minutes (2). All steps of fixation, besides
the last one, need to be performed on ice and with fresh-
ly made reagents, to reduce the interaction between the
components, tissue autolysis, structural changes, and pro-
tein extraction caused by osmium tetroxide (5).

DEHYDRATION

After these two fixations, specimen needs to be dehy-
drated to prevent the collapse of its structural elements
under the vacuum. Although necessary, this process may
cause alterations in cell ultrastructures (2). In this proce-
dure, water is replaced with less polar solvent, ethanol.
Ethanol is used in a decreasing dilution series. In the be-
ginning, distilled water is replaced with 50% ethanol for
10 minutes. Subsequently, after every 10 minutes, tissue
is placed in the decreasing dilutions of ethanol, 60%,
70%, 80%, 90%, and finally 96%. In the 96% ethanol
tissue can be stored for several weeks (7). Dehydration
also can be performed by freeze substitution, the process
which is used for cryoimmobilized samples. This is a phys-
iochemical process of specimen immobilization and sta-
bilization in which vitrified water within cells is replaced
by organic solvents at subzero temperatures, followed by
specimen fixation with fixatives and embedding with the
resin. Two procedures of freeze-substitution are com-
monly in use: dehydration of frozen tissue in ethanol,
methanol, organic or aqueous solution that contains a
metallic salts or acids as fixatives (acetic acid, piric acid,
potassium dichromate, mercuric chloride, zinc salts, di-
imidoesters, acrolein), and dehydration without fixation.
The solvents are well mixed with embedding resin. The
next step of the procedure is specimen embedding with
resins that are nonvolatile in the vacuum (8,9).

EMBEDDING

Resin embedding process was developed as a result of
microscopists’ observation that most cells are too thick to
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be viewed directly in the electron microscope and that
some kind of ultrathin sectioning is needed (4). Sections
must be thin enough so that electron beam can penetrate
through the material. To cut such thin sections from soft
biological samples they need to be infiltrated with a liquid
resin that is then polymerized. Resin serves as the matrix
that supports the tissue while sample is being sectioned
by the special device made for that purpose, the ultrami-
crotome. Various resins are nowadays in use, mostly con-
sisting of epoxy monomers. Most frequently used embed-
ding epoxy resin is the Spurr's resin, which is compatible
with ethanol or acetone as dehydrants (2). Tissue is grad-
ually incubated in the mixed resin and dehydrant solu-
tions of different ratios (1:2, 1:1, 2:1), and after this series
of dilutions, tissue is placed in pure Spurr's resin over-
night. On the next day, the sample is ready for polymer-
ization. For this purpose, several samples are placed in a
silicone mold, filled with pure Spurr's resin, with the
specimen’s name label also included (7). Besides silicon
mold, there is possibility of using gelatin capsules as em-
bedding container. Tissue is placed into the resin to
gradually sunk to the pyramidal bottom of the capsule
(2). Polymerization of specimens in the silicone mold is
done at 63 °C for 2 days. Alternatively, it can also be done
under UV light (acrylic resins). After polymerization,
specimens are ready for further processing. Specimen is
located on the top of the resin block and needs to be
trimmed out by hand with a razor blade or, with the trim-
ming device in 0.5 mm by 1 mm long trapezoidal shape
pyramid. Such pyramidal shaped specimen block is
placed in ultramicrotome's specimen arm which moves
up and down over a diamond knife. Knife with a water
reservoir on top of it is fixed on the immobilization stand.
Hand-made glass knives can also be used. On such knives
water reservoir can be made with silver coated polyester
tape which is sealed to the knife with dental wax. Sections
made with the knife are floating on the water surface and
are picked up with a specimen grid (3). Grids are round
and made of metal that cannot be magnetized, such as
copper, gold, platinum, nickel, thodium. Grids also have
various patterns of holes, so the sections can be imaged
through. Non-magnetic metals are used so that they can’t
interfere with the microscope's image formation system,
since image is created by electron passage thought the
specimen (2). Sections need to be grouped in 2 to 4 with
an eyelash tool and collected with bended grid by sub-
merging grid into the water, under the sections and lifting
them up. Grids frequently need to be coated with a thin
plastic layer, usually Formvar, to support sections over the
holes. The film can additionally be strengthened with
carbon coating (3).

CRYO-FIXATION

The other term for cryo-fixation technique is cryo-
immobilization since usual chemical fixation of molecules
is absent and is replaced with immobilization by freezing.
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It is very important that, whichever technique is used,
arrest of molecules in the sample occurs quickly, in as
much as possible natural state. Fixation speed rate in
chemical fixation proceeds at the minute to hours scale,
while cryo-fixation proceeds at the millisecond rate (4).
Cryo-fixation also minimizes osmotic changes in samples,
that can develop during chemical fixation. Variations of
sample preparing techniques for cryo-TEM are plunge
freezing for small samples (1-2 pm vitrification depth, 10),
high pressure freezing (HPF) for larger samples (up to 500
pm vitrification depth, 11), propane jet freezing (up to 40
pm vitrification depth, 12), slam freezing (10-15 pm vit-
rification depth, 13), and freeze substitution (up to 200
pm vitrification depth, 9). Plunge freezing is performed
by plunging grid with the sample in cryogen, mostly lig-
uid ethane, or propane, then the sample is transferred into
liquid nitrogen in a grid storage box. Sample is observed
on cryo-specimen holder (0). Due to fast freezing water
molecules do not form crystals, which preserves cells in
their near native state (1). High pressure freezing applies
2000 bar pressure in a liquid nitrogen surrounding, which
prevents ice crystal formation. Specimens prepared in this
way can be immediately sectioned with a diamond knife,
as long as they are not thawing, or can be further pro-
cessed by chemical fixation at below freezing temperature
(1). However, high pressure freezing has some disadvan-
tages too. High cost of equipment, only small amount of
sample that can be used and, in many cases, it is still
necessary to use some reagents to prevent the formation
of ice crystals (3). The third possibility is plastic resin em-
bedding prior to warming to the room temperature and
subsequent sectioning. This procedure is called low tem-
perature embedding. The method avoids ultrastructural
changes due to dehydration, resin infiltration, and stain-
ing, but it can lead to sample crumbling when it is picked
up on the grid. Crumbling can be prevented by gently
pressing blunt glass rod against the sample to flatten it
out. Still, the sample can be damaged in the form of com-
pression effects, or knife marks and crevasses. Many of
these limitations can be overcome by using focused ion
beam (FIB) milling for preparations of specimens. FIB
technique uses focused ion beam to ablate specimen and
forms thin slices (2). FIB can, however, produce its own
set of artefacts.

CONTRASTING OF BIOLOGICAL
SPECIMENS

For the formation of image and to achieve contrast in
TEM it is very important how electron beam passes
through the specimen and how electrons scatter on the
specimen atoms. Usually, thicker and denser parts of
specimens have greater potential of electron scattering.
For the purpose of contrast enhancement, biological
specimens naturally consisting mostly of light elements
(carbon atoms) are stained with atoms of heavy metals.
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Specimens are already partly contrasted by using osmium
tetroxide as the secondary fixative, but in most cases, this
is not enough for high quality images. Two types of con-
trasting techniques have been developed, positive and
negative contrasting. Most widely used heavy metals are
uranium, lead, and tungsten (2). An additional option for
increasing of contrast is shadow casting technique. The
specimen is placed on a rotating platform in a chamber
that contains a heavy metal filament and that is under
vacuum. By passing through the metal, electric current
heats it up and causes evaporation of the metal that rains
down on the specimen as the plate rotates. This produces
a metal coating on one side of the specimen, while creat-

ing a shadow effect behind (7).

Positive contrasting

Heavy metal salts used in positive contrasting bind to
the macromolecules in the sample and increase their abil-
ity to scatter electrons, thereby increasing contrast across
the specimen (2). Commonly used chemicals for positive
contrasting are uranyl acetate and lead citrate. Those are
nonspecific contrasting media. Uranyl acetate reacts with
phosphorus and amino groups of nucleic acids and pro-
teins. Lead citrate binds to the negatively charged mole-
cules, such as hydroxyl groups and molecules which have
already been stained with osmium tetroxide. When con-
trasted with uranyl acetate in a Petri dish, as many drops
of uranyl acetate as there are grids with specimens are
dropped onto a piece of dental wax, or Parafilm. Bottom
of the Petri dish can be covered with moist filter paper to
avoid evaporation of uranyl acetate. Grids are placed onto
drops with specimens facing downwards and are incu-
bated in this way for 5-10 minutes. After that, the grids
are washed with a gentle stream of distilled water and
dried with a filter paper. For optimal results, it is best to
proceed with contrasting process with lead citrate right
after drying. This step is also done in a Petri dish on a
dental wax with several granules of sodium hydroxide to
remove CO,. Petri dish needs to be open as little as pos-
sible, to reduce CO, influx. Rinsing of grids is performed
in the same way as with the uranyl acetate. Grids are again
washed with a gentle stream of lukewarm distilled water.
After drying, specimens are ready for microscopy (2).
Uranyl acetate contrasting can be done either before or
after resin embedding. Additionally, pre-embedding con-
trasting technique has a strong fixative effect on specimen
ultrastructures (2).

Negative contrasting

Negative contrasting is a simple and fast procedure,
and it is mostly used when fast diagnostics is needed.
Contrasting medium accumulates around biological
structures and it enhances the form and the outline of the
samples (2). It is used for objects that are smaller than 100
nm and can be imaged directly without sectioning (Z). In
negative contrasting, specimen stays non contrasted and
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is brighter than the background. Salts of heavy metals
such as uranium, tungsten, and molybdenum are used as
the contrasting media. There are two methods for nega-
tive staining: drop and flotation method. Since negative
contrasting is usually used for whole biological structures
such as viruses, bacteria, cellular organelles, etc. and not
for the sectioned samples, for both methods sample of
interest must be in suspension. In the drop method pro-
cedure, the drop with the sample is touched with a For-
mvar-coated grid (additional carbon coating can also be
performed) and after 30 seconds the drop of stain is
added. After 15 to 30 minutes the sample is ready for
TEM imaging. It is also possible to pre-mix equal
amounts of the sample and the stain, and the mixture
drop is touched with a grid. In the flotation method,
coated grid is floated on a drop of the sample for 1 minute,
and then transferred onto a drop of the stain for 30 sec-
onds. Again, it is also possible to use a pre-mixed drop of
the sample and a stain and float grid on it. Any excess
liquid is dried with a filter paper (2). In the end, the grid
is dried for 30 minutes.

Immunolabeling

Principle of immunolabeling is rather straight forward,
location of the antigen within the samples is detected with
the specific antibody. Antibodies can be conjugated with
marker molecules, such as diverse metals and enzymes, or
indirectly recognized by binding to the marker-conjugat-
ed secondary antibodies. In both cases, the antigen-anti-
body complexes are forming electron-dense contrast
points which are detected by TEM (2). Electron micro-
scopic immunocytochemical techniques can be conduct-
ed by applying the immunocontrasting prior to resin
embedding (pre-embedding technique) or after resin em-
bedding (post-embedding technique). The decision when
to perform the immunocontrasting for the detection of
an antigen at a certain location will depend to a large
extent upon the distribution of the antigen and the char-
acteristics of the primary antibody. Before starting immu-
no-EM labeling, a test for the characteristics and dilution
of the primary antibody should be performed at light
microcopy level. One common technique for immunola-
beling TEM specimens is immunogold labeling. For the
visualization of immunolabeling, a method using colloi-
dal gold particles has been developed by Faulk and Taylor
in 1971 (14). Colloidal gold particles are generally at-
tached to secondary antibodies which interact with the
primary antibodies designed to bind a specific antigen or
other cell component. Gold particles are easily visible un-
der the electron microscope due to their high electron
density and can be made in different sizes from 5 nm to
30 nm, therefore enabling multiple contrasting at the
electron microscopic level, most easily by direct labeling
of several first layer antibodies with different sized parti-
cles. The indirect techniques can also be used in a double
or triple labeling by parallel approach, if the primary an-
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tibodies are from different species, and by sequential ap-
proach, if the primary antibodies are from the same spe-
cies. Immunogold labeling allows localization of proteins
at the electron microscopy level of resolution and quanti-
fication of signals (14). The immobilization of the bio-
logical material is the prerequisite for successful applica-
tion of this method to preserve the location of the
molecules of interest and to preserve as many related
structures and molecules as possible. The immobilization
must withstand subsequent processing steps such as de-
hydration, sectioning, and immunolabeling. Molecules
that are not immobilized may be displaced from their
normal location, resulting in either false localization or a
negative result, such as when molecules are washed away
(15). For immobilizing of specimens, the vitrification of
biological material and chemical fixation could be ap-
plied. Protein molecules in the biological material pre-
pared for immunocytochemical experiments are usually
cross-linked in lower concentrations of aldehyde to pre-
serve antigenicity. The ability of the specific antibodies to
access and bind the target antigen after fixation while still
obtaining adequate specimen preservation must be con-
sidered. The more effective the cross-linking the less
likely is the antigen in the section to be accessible to the
antibodies. Aldehyde solutions that have been success-
fully used for immunolabeling include 0.1% glutaral-
dehyde in 100 mM phosphate buffer (pH 7.2), or 2%
formaldehyde in 100 mM PIPES buffer (pH 7.2) (15).
Generally, the more glutaraldehyde used for cross-linking,
the better the morphology will be, but at the expense of
antigenicity (17). Probably the most preferred method for
preparing biological material for immunolabeling is the
Tokuyasu cryosectioning technique (78,19), since it is the
only post-embedding technique immunolabeling ap-
proach that does not require dehydration of the samples
by polar solvents before the application of affinity mark-
ers. Thawed cryosections have been proven to give the
highest accessibility of antigens to the antibodies (17).
Biological material is chemically fixed using buffered al-
dehyde solution, cryoprotected in sucrose, and vitrified by
immersion in liquid nitrogen (20,21). The vitrified, cryo-
protected specimen blocks are subsequently sectioned at
low temperature (between 60 °C and 120 °C) in a cryo-
ultramicrotome and thawn onto metal specimen grids.
The thawn sections are labeled with specific affinity mark-
ers and colloidal gold probes and finally embedded in a
thin film of plastic (21). Pre-embedding technique in-
cludes the procedure with the entire tissue block, while
for post-embedding technique, specimen can be sectioned
several times and can be studied with different antibodies.
Pre-embedding technique is more sensitive and results in
denser labeling. Embedding media can lead to either loss,
or preservation of antigen sensitivity, depending on many
circumstances, such as the type of sample preparation
procedure, chemicals used, nature of embedding resin,
and ultrastructure resistance (22). Although pre-embed-
ding technique generally provides better results than the
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post-embedding technique, there are also some disadvan-
tages of pre-embedding technique. Due to the variations
in permeability of different cell membranes antibodies
can’t reach all cell compartments equally; antibodies con-
jugated with labels are often too large, and results are
harder to quantify (23). On the other hand, post-embed-
ding technique results are more easily reproducible, sub-
cellular antigen localization is more specific and there is
no reduction in labeling from diffusion since antibodies
are applied directly onto sections. However, post-embed-
ding technique suffers from inevitable antigen reduction,
so the sensitivity is reduced. Also, antigen of interest may
not be present in every section (24). Besides immunogold
labeling there is immuno-peroxidase labeling, and these
two techniques can be used in combination for even bet-
ter results (23). Optimal immunolabeling is accomplished
when maximum preservation of the antigen is achieved,
when high specificity binding of antigens and antibodies
is present, and when final conjugate is clearly visible in

TEM (24).

IMAGING

After preparation procedures, samples are ready for
imaging in TEM. TEMs have a mechanism in which a
grid is inserted by using the holder that places it in the
electron beam path. Modern TEMs have detailed and
easy to handle computer interfaces (3). In recent decades,
the processing of TEM images of biological specimens
became more advanced. This was largely accomplished
due to the development of optical diffraction, computer
image processing methods (6), software, and digital cam-
eras that are builtin the microscope and are recording and
displaying images. Sample observation begins at low mag-
nification, 100-1000x, in order to locate sections on the
grid and choose the area of interest to be viewed at high-
er magnifications (3).

PREPARATORY ADVICES

Since specimen preparation is a multistep procedure,
each step can affect the outcome. A precise sample prepa-
ration method is essential. The mistake in any step can
have an impact on the final result. Good micrographs can
reveal abnormal ultrastructural features. If the tissue ap-
pears to be inadequately fixed, one should check the fixa-
tive condition and recheck the procedure. Almost all
chemicals that are used for processing of samples for elec-
tron microscopy are toxic, allergenic, carcinogenic, and
flammable, so protective wear and equipment placed in
fume hoods need to be used (2). Tissues used for specimen
preparation must be intact, in optimal physiological con-
dition, and razor blades must be sharp to minimize un-
wanted tissue damage. The procedures should be done as
quickly as possible, but also carefully. The samples must
not dry out or be excessively warmed up. Samples must
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be treated gently to avoid mechanical damage. Practice is
the key to good performance in TEM specimen prepara-
tion, so getting help from experienced colleges in the be-
ginning may be useful (4).

CONCLUSIONS

'The invention of the electron microscope made a huge
breakthrough in studying different kinds of specimens on
ultrastructural and atomic level. Today we have TEMs
and SEMs with a wide range of different performances.
Although the first protocols of specimen preparation for
electron microscopy are still in use today in many labora-
tories with only slight changes, over the years huge ad-
vancements in electron microscopy quality were made.
These were achieved by advancements in technology, such
as cameras, software, computer image processing, devel-
opment of the new, different, and more suitable tech-
niques for sample preparation, application of most suit-
able technique for the specific sample, etc. Since every step
of the specimen preparation needs to be correctly execut-
ed in order to obtain high-quality results, it is very impor-
tant to have suflicient practice and to properly teach
young researchers, starting with the basis of specimen
preparation and electron microscope operation, so they
can acquire quality skills, and develop deeper interest in
electron microscopy. Finally, advancements in this field
of science could prosper even more in the future. This
guide was written with that in mind.
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APPENDIX
1. STANDARD PREPARATION OF SPECIMENS

1. Fixation
Chemicals: cacodylate buffer, (Na(CH,),AsO,)
deH,O
2%-4% glutaraldehyde (GA,
(CH,),(CHO),) in cacodylate buffer
1:1 osmium tetroxide, OsO, in cacodylate

buffer
Procedure: all steps are done on ice

Primary fixation: slice tissue with razor
blade in a drop of GA (< 3 mm?)
place tissue in vials filled with GA for 1 h

on ice

Rinsing: replace GA with cacodylate buf-

fer on ice for 10 min, repeat 2x
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Secondary fixation: replace buffer with
OsO, on ice, incubate for 1h
Rinsing: replace OsO, with deH,0O, 10
min on RT (room temperature),  repeat
4x
2. Dehydration
Chemicals: ethanol, C,H O dilution series, 50%-96%
deH,O
Procedure: replace deH,O with 50% ethanol, 10 min-
utes, RT
repeat with 60%, 70%, 80%, 90%, 96%
ethanol, RT
3. Infiltration with transitional solvents
Chemicals: acetone, (CH,),CO
96% ethanol

Procedure: replace 96% ethanol with mixture of 96%
ethanol and acetone in 1:1 ratio, 30 min-
utes
Replace mixture with pure acetone, 30
minutes

4. Embedding and polymerization

Chemicals: acetone
ERL 4221-D, vinylcyclohexene dioxide,
C,H,,0,, (less toxic substitute for the tra-

12V
ditional component in Spurr’s embedding

medium ERL 4206)
DER 736, diglycidyl ether of polypropyl-
ene glycol, C,,H,,0
NSA, nonenyl succinic anhydride,
Ci5H500;5
DMAE, 2-dimethylaminoethanol,
CH NO

Procedure: replace acetone with mixture of acetone
and Spurr’s resin in 2:1 ratio, 1h
replace mixture with same mixture in 1:1
ratio, 2h
replace mixture with same mixture in 1:2
ratio, 3h
replace mixture with pure Spurr’s resin,
overnight on a shaker and RT
put labels into the silicon mold and cover
with a small amount of pure
Spurr’s resin following with putting the
samples in the molds and covering with
pure Spurr’s resin
the resin covering samples must be aligned
with the silicon mold surface
polymerization is carried out for 2 days on
63°C

Equipment: pipette

silicon mold
glass vials with cap
spatula
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ice bath
heat shaker
razor blade
digestor
laboratory oven (incubator)
Chemical preparation:

Sodium cacodylate (Na[CH,],AsO, x 3H,0) 0,2 M:
Dissolve 4.28 g sodium cacodylate in 100
ml reH,O and keep in refrigerator

Cacodylate buffer:
For preparation of 100 ml buffer (0.05 M)
pH 7.2 (5.5-7.5, depending on the tissue),
measure out 25 ml of 0.2 M sodium caco-
dylate and add reH,O to 100 ml. Adjust
pH to 7.2 with 0.2 M HCI.

Primary fixative (glutaraldehyde 2%-4 %):
Dissolve 200 pL 50% stock solution of
glutaraldehyde (2%) in 10 ml cacodylate
or phosphate buffer.

Secondary fixative (osmium tetroxide 2%):
Stock solution is made day in advance be-
cause of slow solubilization. Wash capsule
with osmium tetroxide in 96% ethanol
and rinse with reH,O. Break the capsule
and put it in 50 ml reH,O.

Spurr’s resin:
Mix 40 g ERL 4221-D with 32 g DER 736
in a glass and stir with a glass rod. Add 104
g NSA and stir again. Drop 1.6 g DMAE
and stir. Keep in refrigerator.

5. Ultrathin sections contrasting
Chemicals:uranyl acetate, UO,(CH,CO,),(H,0)
xH,O

lead nitrate, Pb(NO,),
sodium citrate, C.H.Na,O,
sodium hydroxide, NaOH
reH,O

Procedure:

Sectioning:
Adjust thickness of sectioning on ultrami-
crotome to 70 nm to 90 nm slices, usually
70 nm. Move sections in the cluster of 2
to 4 with an eyelash tool. Grasp a grids rim
with forceps and bend grid against filter
paper. Submerge grid under the sections
and collect them. Dry any excess of water
by touching filter paper with underside of
the grid.

Uranyl acetate staining:
Place dental wax tile in a Petri dish and
drop as many drops of uranyl acetate as
there are grids with sections. Immerse

grids in drops with sections facing down.
Close Petri dish and let it stand for 5-10
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minutes. After that, rinse grids with fine
stream of room temperature reH,O. Dry
out grids with filter paper.
Lead citrate staining:
Place dental wax tile in a Petri dish to-
gether with a couple granules of sodium
hydroxide to remove CO,. Drop as many
drops of lead citrate as there are grids with
sections. Immerse grids into drops with
sections facing down. Close the Petri dish
and let it stand for 5-10 minutes. Petri dish
needs to be opened as little as possible to
reduce CO, influx. Rinse grids with fine
stream of lukewarm reH,O. Dry out grids
with filter paper.
Chemical preparation:
Uranyl acetate (aqueous solution) 1%-4%:
Make solution a day in advance because of
slow dissolution. Dissolve stock solution in
reH,O and keep in dark bottle wrapped
up in foil. Keep in a refrigerator.
Lead citrate:
Keep it in a syringe because it forms lead
carbonate in contact with CO,. Dissolve
1.33 g lead nitrate and 1.76 g sodium ci-
trate in 30 ml reH,O. Shake it for 1 min-
ute and then 5-6 times in the next 30
minutes until lead nitrate becomes lead
citrate (milky white color). Prepare fresh
IM sodium hydroxide (40 g in 1L reH,0O)
and add 8 ml. Add reH,O to 50 ml. Keep
it in a refrigerator.
Equipment: dental wax
Petri dish
pipette
grids
forceps
filter paper
wash bottle
Grid rinsing with ultrasound
Fill ultrasound bath with small amount of water. Put used
grids in a glass, add 100% chloroform and place the glass
in ultrasound bath. Expose it to ultrasound for 5 minutes.
Replace chloroform and repeat 3 times. After the last
chloroform change, overflow grids with acetone and ex-
pose to the ultrasound one more time. In the end, put
grids in a Petri dish, cover it in half and let it dry out.

2. METHODOLOGICAL EXAMPLE OF IMMUNO-
GOLD LABELING

Preparation of plant material for transmission electron
microscopy and immunogold labeling of glutathione mol-
ecules
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. Take small samples of the youngest, fully developed

leaves (about 1.5 mm?).

. Fix them in 2.5% paraformaldehyde/0.5% glutardi-

aldehyde in 0.06 M phosphate buffer (pH 7.2) for 90

min at room temperature (RT).

. Microwave fixation is performed in the same fixation

solution for two times 25 seconds at 300 W micro-
wave irradiation. In between these steps, cool off
samples gently to about 20 °C. The maximum tem-
perature of the solution, which must be constantly
aerated to reduce the risk of an uneven heating, dur-
ing fixation in the microwave oven has to be 30 °C
(25,26). Microwave irradiation reduces the time re-
quired for fixation and staining for 1/3. Macromol-
ecules morphology and antigen reactivity are pre-
served, retention of lipids and soluble proteins is
better and there is no nonspecific binding of dyes or
antibodies. It also yields low-background, high-con-
trast images. Power of microwave oven and sample
temperature needs to be very precise because of spec-
imen sensitivity (2). Embedding media for immuno-
cytochemistry must not physically or chemically af-
fect antigenicity and enzyme activity of specimen.
Glutaraldehyde must be used in concentrations less
than 1%, and formaldehyde under 4%. Osmium is
also rarely used prior to labeling reaction (2).

. Rinse samples fixed conventionally and with the help

of microwave irradiation in a buffer and dehydrate in
increasing concentrations of acetone (50%), 70%, and
90%) at RT, 2 times for 10 min for each step.

. Gradually infiltrate specimens with increasing con-

centrations of LR White resin (30%, 60%, and
100%) mixed with acetone (90%) and finally embed
in LR White resin.

. Polymerize at 50 °C for 48 h in small plastic contain-

€rs.

Cut ultrathin sections (80 nm) of the samples using
an ultramicrotome.

. Immunogold labeling of glutathione in ultrathin sec-

tions can be performed on coated nickel grids with
the automated immunogold labeling system Leica
EM IGL (Leica Microsystems, Vienna, Austria) ac-
cording to (26) and (27).

. For cytohistochemical analysis, block the samples

with 2% bovine serum albumin (BSA) in phosphate
buffered saline (PBS, pH 7.2) and then treat with the
primary antibody (e.g., anti-glutathione rabbit poly-
clonal IgG) diluted 1:50 in PBS containing 1% goat
serum for 2 h at RT.

Rinse the samples three times for 5 min in PBS.

Incubate samples with a 10 nm gold-conjugated sec-
ondary antibody (e.g., goat anti-rabbit IgG) diluted
1:50 in PBS for 90 min at RT.

12. Wash samples three times for 5 min in PBS and two

times for 5 min in distilled water.

13. Labeled grids are either immediately observed in a

transmission electron microscope or post-stained
with 2% uranyl-acetate for 15 s, which facilitates the
distinction of different cell structures.

— Please note that the antibody does not discriminate
between free reduced and oxidized glutathione. The
specificity of the immunogold-labeling procedure is
tested using negative controls: 1) pre-immune serum
instead of the primary antibody, 2) gold-conjugated
secondary antibody (goat anti rabbit IgG) without
the primary antibody, 3) non-specific secondary an-
tibody (goat anti mouse IgG), and 4) primary anti-
bodies pre-adsorbed with an excess of glutathione for
2 h at RT prior to labeling of the sections. For the
latter, incubate solution containing 10 mM of gluta-
thione (GSH or GSSG) with 0.5% glutardialdehyde
for 1 h. Saturate the excess of glutardialdehyde by
incubation in 1% (w/v) BSA for 30 min. The result-
ing solution is used to saturate the glutathione-anti-
body for 2 h prior to its use in the immunogold label-
ing procedure described earlier.

Quantitative analysis of immunogold labeling: Af-

ter taking a micrograph, count gold particles in the cell

structures (organelles) of interest either manually or auto-

matically, using proper software package. Take care to

analyze enough sections and enough number of structures

of interest to gain a reliable result, after statistical analysis.
Unspecific background labeling has to be determined on
different sections outside the specimen and subtracted
from the values obtained in the sample.
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