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Elucidating spatial distribution of intracellular structures and biomolecules within a cell is of 
crucial significance in shedding light on the nature of various biological processes.  Volume 
electron microscopy methods including serial section (ss)-TEM, array tomography, ATUMtome, 
and serial blockface SEM have been developed to allow 3-dimensional visualization of such 
structures at nanometer resolution. Although these methods share a common purpose, each 
approach has its own strengths and weaknesses, and the choice is dependent upon the required 
spatial resolution, the size of area of interest, and the length of time desired for the work.   

In this work, we present a workflow for reconstructing a yeast cell at organelle level.  The method 
of choice is cryo preservation coupled with array tomography.  Yeast cells grown at log-phase 
were pelleted and high pressure frozen with the Leica ICE system (Leica Biosystems).  Frozen 
yeast paste was freeze substituted into acetone containing 0.2% UA, 2% H2O under the FS setting 
as follows: −130°C to −90°C over 10 h, −90°C to −80°C over 70 h, −80C° to −60°C over 6 h, 
−60°C for 5 h, −60°C to −50C° over 6 h, and −50°C to 20°C over 4 h.  The samples were then 
infiltrated, embedded and polymerized into Epon resin.  For array tomography, 60 nm serial 
sections were cut with a Leica Ultra microtome (UC-6) and picked up onto ITO coated coverslips 
using the ASH-100 Advanced Substrate Holder (RMC Boeckeler).  Serial sections were post 
stained with Sato’s triple lead stain for 2 minutes and then 4% UA in 70% methanol for 2 minutes, 
and Sato’s lead stain again for 2 more minutes.  The coverslips were coated with 5 nm of carbon 
and imaged in a Zeiss Merlin Gemini 2 SEM with 4QBSD detector at 10 kV and 700 pA using 
Atlas 5 Array Tomography software (Fibics).   

The 3D dataset was acquired in 8nm x 8nm x 60nm spatial resolution.  For data analysis and model 
building, the image stacks were first aligned with Midas of the IMOD software package1.  
Segmentation was done based on intensity and known organelle structure with Microscopy Image 
Browser developed by Belevich etal2, and with IMOD.  Model rendering and visualization were 
conducted in Amira software.   

Figure 1 is an image stack showing a yeast cell with representing slices.  Figure 2 shows the 
reconstruction of the yeast cell, in which the nucleus is in grey, mitochondria in light green,  lipid 
droplets (LD) in orange, multivesicular body in blue, peripheral ER in red, and central cisternal 
and tubular ER in magenta.  From these data, two observations are of our particular interest: 1) the 
LDs are abundant in numbers and located close to the nucleus, especially in the space between 
nucleus and vacuole; and 2) Some LDs are in close contact with central ER, consistent with the 
finding that lipid droplets are assembled in the ER.  Interestingly, we observed that the ER 
configures into a barrel shape to execute its LD-related function. 
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Figure 1. Representing slices of the yeast cell from the 3D-EM data.   

 

 

 

 

 

 

 

 

Figure 2. Structure model of the yeast cell reconstructed from the EM dataset shown in Figure 1.   

 


