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Abstract
Correlative light and electron microscopy (CLEM) allows to combine the advantages of fluorescence microscopy and electron microscopy for cell imaging. Rare phenomenon expressing cells can be studied by specifically tagged fluorophores with fluorescence microscopy. Subsequently, cells can be fixed and ultra-structural details can be studied with transmission electron microscopy (TEM) at higher resolution. However, precise landmarks are necessary to track the same cell throughout the CLEM process. In this technical report, we present a high contrast glass coverslip with inkjet-printed gold nanoparticle patterns to facilitate cell tracking with correlative microscopy. High contrast and strong reflection from nano gold pattern can be used as fixed landmark for cell identification with fluorescence microscopy. Nano gold printed letters over coverslips are visible in resin blocks, which can be further used to identify the cell of interest for performing sectioning of embedded cell blocks for TEM. 
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We used a novel approach to print a customized pattern over regular microscopy coverslips using gold nanoparticles. The gold nanoparticle printing can be customized based on experimental design. In this case, we printed a set of letters and numbers (Figure 1a-b).  Inkjet printing of the gold letters on the cover glass substrates (washed with ethanol and water) was performed by using a piezoelectric DimatixTM Materials Printer (DMP-2800, FUJIFILM Dimatix, Inc., Santa Clara, USA) and a replaceable cartridge (DMC-11610) with a nominal droplet size of 10 pL. The dodecanethiol-protected AuNPs (3.0 ± 1.8 nm) were synthesized following the procedure reported by Hostetler et al1.  

The ink was formulated by dispersing the AuNPs (1.5 wt %) in 80:20 wt % mixture of xylene (>98.5%, Sigma-Aldrich) and butoxyethylene (99%, Acros Organics), respectively. The printing was carried out using a single nozzle and a drop spacing of 30 m. Firing frequency was set to 14 V and custom waveforms was used in order to gain optimal droplet formation. The gold nanoparticle based printed pattern were clearly visible and no deformation was observed (Figure 1c).
Gold nanoparticles have shown non-toxic and inert nature for cellular studies2–4. Therefore, nanogold is regarded as safe material for cells to be grown over gold printed coverslips. We seeded HT1080 eGFP cells (GFP expressing) at 20-30% confluency over coverslips. 
Cells for CLEM5–7 were located by live cell imaging and their positions recorded with respect to the nano gold patterns. The live cell screening was performed with EVOS microscope. EVOS® FL cell culture microscope (Thermo Fisher Scientific Inc, US) is a convenient microscope for quick live cell identification that allows both fluorescence and transmitted channels. The obtained images can be stitched together (Figure 2a) to provide a better and larger field of view for rapid identification of rare cells. 
We selected a group of cells located between letters “R” and “S” for performing CLEM. The nano gold printed pattern has bright contrast that was recognizable under bright field microscope with selected cells for CLEM (Figure 2a-b). Inkjet printing of gold nanoparticles brought added advantage of using reflection from gold particles as landmark for cells during fluorescence live cell imaging with eGFP tagged cells (Figure 2c). 

Subsequently, live cell images were acquired by confocal microscope (TCS SP5 STED, Leica microsystems, Germany) using 10X objective (Figure 3a). In order to image at high resolution, the objective was changed to 100X oil objective (Figure 3b) using the same microscope. The process of changing objective from 10X to 100X and finding the cell same cell can be challenging without precise landmarks. Therefore, special attention should be paid on locating nano gold landmarks and its orientation with respect to the cell of interest for CLEM. Furthermore, the eGFP cells were imaged in confocal mode (Figure 3c).

The TEM sample preparation consisted of routine sample processing (Flat resin embedding). Cells were fixed with 5% glutaraldehyde s-collidine buffer (GA), postfixed with 2% OsO4 containing 3% potassium ferrocyanide, dehydrated with ethanol and flat embedded in 45359 Fluka Epoxy Embedding Medium kit. The cells can be seen (Figure 4a) with nano gold letters facing outwards over a glass coverslip before embedding. The nanogold letters served as landmarks to identify the cells of interest over coverslips and also with cells embedded with Epoxy embedding medium (Figure 4b-c) and further the region of interest was located and trimmed for sectioning. Finally cells were mounted for sectioning (Figure 4d) with ultramicrotome using diamond knife and 70- 100 nm sections were collected. The sections were imaged with a JEOL JEM-1400 Plus transmission electron microscope operated at 80 kV acceleration voltage (Figure 5).

The contrast provided by gold printed coverslip has advantages over commercially available coverslips under different light microscopes. The pattern is also easily visible on electron microscopy block faces. Thick pattern can be printed to allow cell detection while serial sectioning.
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Figure 1. Nano gold printed over regular coverslips. a) Schematic representation of print pattern of gold nanoparticle letters over glass coverslip. b) Drop view of the print design and c) optical micrograph of the inkjet-printed gold letters.  
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Figure 2. The identification of GFP expressing cells of interest for CLEM. a) Merging of adjacent 4X images to provide a larger field of view along with nanogold printed letters. b) Selection of one individual cell from a group of three cells for CLEM. c) Low magnification fluorescence imaging of live GFP expressing HT1080 cells and cell of interest can be easily located with strong reflection from nanogold letters with fluorescence microscope.
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Figure.3 a) Identification of cell of interest with 4X (low magnification) in phase contrast. b) Fluorescence imaging of GFP labelled cell of interest with 10X magnification. Confocal imaging of cell of interest with 100X magnification to study cellular features.
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Figure 4. Representation of sample processing for electron microscopy and cell identification facilitated by nano gold letters over EPON resin embedded cells. a) nano gold printed letters over a glass coverslip for cell identification and tracking throughout the correlation process. b & c) nano gold letters over EPON resin block of cells for identification. d) EPON pyramid for 70 nm sectioning of cells and remnant of nano gold letters can be seen.
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Figure 5. Cells of interest were identified and imaged with TEM. 
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