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Multiple-labeling immuno-electron microscopy is a powerful tool for localizing and
co-localizing different antigens simultaneously in cell and tissues at high spatial resolution.
Commonly used labels for this purpose are differently sized gold spheres. A comparison of results
obtained with differently sized markers is difficult, because the diameter of markers influence their
labeling efficiency. He is developing a methodology for multiple immunolabeling of biological
specimens using equally sized markers made from different elements. The advantage over
conventional technique is the possibility of using very small markers with same size for (i)
correlative light and electron microscopy, (ii) achieving of higher labeling efficiency and (iii)
reduced steric hindrance between labels at closely spaced sites. In Chapter I are presented the
newly developed makers as candidates for correlative light and electron microscope. They
represent semiconductor quantum dots of ZnS, CdS, CdSe/ZnS, colloidal gold, platinum, V,S3 and
+ Cr,S; nanoparticles of 3 — 5 nm in diameter. The synthesis of semiconductor nanocrystals is done
by the microemulsion method in sodium bis(2-ethylhexyl) sulfosuccinate surfactant reverse
micelles containing water. The quantum dot size and properties are controlled by variation of the
precursor concentration at given water content. After synthesis the nanocrystal particles are
modified with (+)-dihydrolipoic acid polymer shell contains carboxyl groups and conjugated with
streptavidin (or avidin). Thus their organic shell may be decorated with any kind antibody by
streptavidin — biotin interaction. Colloidal gold and platinum spheres were prepared by reduction in
aqueous solution of their salts with sodium borohydride. Then the antibody was adsorbed on the
metal surface by hydrophobic interaction.

If the semiconductor quantum dots are irradiated with UV they emit light with color
depending of their bandgap energy. For example ZnS emit blue, CdS — orange and CdSe/ZnS core-
shell nanocrystal emit light in all visible spectrum depended of the core’s size. The colloidal metal
gold and platinum nanoparticles do not possess any fluorescent properties. Nevertheless, they are
conjugated with an antibody which itself is modified with fluorescent dye. Thus the markers can be
distinguished (i) in the fluorescent microscope by different emitted color; and (ii) in the analytical
microscope by the characteristic X-ray emission from their different elemental composition.

In Chapter II is presented the benefit of use this methodology as high-resolution technique
for distinguishing of membrane proteins. It was tested on sodium dodecyl sulfate-digested replica
of rat hippocampus, where AMPA- and NMDA- type glutamate receptors were co-localized and
distinguished by equally sized CdSe/ZnS semiconductor quantum dots and colloidal gold particles.
To improve nanoparticle’s visibility and detectability the replica film was made only with carbon to
avoid the background usually seen in the conventional platinum/carbon replica. Then the
extracellular face (E-face) of hippocampal pyramidal cells was discriminated from the protoplasmic
(P-face) by observation of the specimen in high-angle annular detector dark-field STEM mode. The
intramembranous proteins were recognized as bright spots at postsynaptic membranes. Mixed
clusters of immunolabeled quantum dots and colloidal gold particles were localized on the E-face,
where the membrane proteins were defined as AMPA and NMDA receptors. The quantum dots
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(labeled AMPA receptors) were distinguished from the gold nanoparticles (labeled NMDA
receptors) by combining: (i) contrast difference (in most cases Qdots are lowering contrasted then
the gold particles) and (ii) Spectroscopic analysis of the characteristic X-ray emission from their
elemental composition in HAADF STEM mode. This approach enables to examine the number,
density and ratio of the glutamate receptors on the image. The sensitivity of EDX-detector allows
the identification of even 1 nm gold particle on 20 nm in thickness carbon freeze-fractured replica.
This advantage opens a great potential for developing of advanced techniques for high-resolution
labeling of epitopes or subunit components of biological macromolecules.

The presented methodology is not limited by the necessity of using labels of different size
and therefore could apply in whole range of new biological applications requiring small labels.
Only labels with different chemical composition are required, which can be resolved by EDX-
spectrophotometer. The number labels depends on the nanoparticles number with sufficient
different X-ray spectra that can be produced. Therefore it should be possible to go far beyond the
limitations of the conventional multiple labeling techniques.
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