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Cryo—electron microscopy (cryo-EM) sample preparation techniques ensure that biological specimens can be investigated
at physiological conditions in the electron microscope. However, these preparation methods suffer from extensive blotting
steps leading to a massive loss of sample and sometimes to partial denaturation of sensitive protein complexes. We have
developed a simple method for the almost lossless conditioning and preparation of nanolitre-volumes of biological samples for
EM. The method does not involve any blotting steps. A microcapillary is used to aspirate 3 to 20 nanoliters of sample, depending
on the experiment. In the figure, the sample is applied (left) and spread (center) on the EM-grid. Real-time monitoring allows
the thickness of the water film to be assessed and decreased to the optimum value prior to vitrification (right). We prepared
cryo-EM grids of various samples, e.g., bacteriophages and soluble proteins as shown in Figure 1B and C, to demonstrate
the usefulness and general applicability of the method. We also showed that high-resolution 3D structures can be calculated
from single-particle preparations of a soluble protein. In addition to cryo-EM grid preparation, the versatile method allows
nanoliter-sized sample volumes to be conditioned for EM, e.g., negatively stained with heavy metal salts or embedded in
trehalose. In addition, we combine the new sample preparation method with a single cell lysis device for adherent eukaryotic
cells and image the aspirated cell contents by TEM. To demonstrate the usefulness of this new visual proteomics approach we
visualized the changes occurring in single cell proteomes upon heat shocking the cells. Furthermore, we have developed a
protein-fishing method based on a magnetic trap and photo-cleavable composite material, to ‘fish’ untagged proteins from cell
lysate by antibodies. This allows target proteins to be isolated from approx. 40,000 cells in 90 min and analyzed by EM.

Figure1: (A) Cryo-EM grid preparation from nanoliter-sized samples (see main text). (B) Example overview, yellow arrows
indicate borders of the vitreous ice. Scale bar: 100 um. (C) Test-sample containing apoferritin particles and bacteriophages at high
magnification and defocus (to increase contrast). Inset: twofold enlargement of the indicated region. Scale bar: 80 nm.
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