
Three Dimensional Localization of Mitochondrial Nucleoid within a Mammalian 

Cell by Using CLEM Method Combined with FIB-SEM 
 

Satoko Okayama
1
, Keisuke Ohta

1,2
, Ryuhei Higashi

2
 and Kei-ichiro Nakamura

1
 

 
1.

 Division of Microscopic and Developmental Anatomy, Department of Anatomy, Kurume University 

School of Medicine, Fukuoka, Japan. 
2.

 Electron microscopic Unit, Kurume University School of Medicine, Fukuoka, Japan. 

 

Mitochondrial DNA (mtDNA) within the mitochondrial matrix is packed into DNA-protein assembly 

and is considered to form globular or ellipsoidal structure called nucleoid. However, their detail 

structure under electron microscopy has not been clear especially in mammalian cell because they have 

any specific contrast when we stained by conventional methods. In this study, we attempt to label the 

nucleoids by using immunohistochemical technique or genetically encoded reporter protein known as 

APEX, and to visualize their localization in 3D space using a FIB-SEM tomography method.  

 

Recent studies suggested that the molecular dynamics of mitochondrial nucleoid is integrated into the 

mitochondrial activities. For example, mtDNA is considered to divides into offspring mitochondria after 

fission and this segregation are thought to be coordinated with mitochondrial turnover [1, 2]. As we try 

to clarify such mitochondrial nucleoid dynamics, we further established a correlative light and electron 

microscopic (CLEM) observation of nucleoid. 

 

HeLa cell and MEF were cultured on 35mm dish with relocation grid in a DMEM supplemented with 

10% FBS at 37 °C under 5% CO2. For nucleoid labeling using immunohistochemical method, cells were 

fixed using 4% paraformaldehyde and 0.05% glutaraldehyde in 0.1M phosphate buffer, and then reacted 

with anti-TFAM (Abnova, USA) or anti-DNA antibodies (Progen, Germany). The cells were then 

labeled with biotin-conjugated secondary antibodies and the immunoreactivities (IR) were visualized 

using ABC method. DAB positive cell were observed in bright field imaging. For nucleoid labeling 

using genetically encoded reporter protein (APEX) [3], expression of GFP in the cell transfected with 

pcDNA-TFAM-GFP-APEX2 using FuGENE (Promega) were observed 24h after the transfection. The 

observation and recording of their location were performed after the fixation by 2% glutaraldehyde 

using CLSM (FV-1000, Olympus). The specimens were then reacted with 0.05%DAB, 10mM H2O2 in 

0.1M cacodylate buffer. Both of the specimens for volume imaging were then post fixed and stained by 

rOTO (ferrocyanide-reduced osmium tetroxide-thiocarbohydrazide (TCH)-osmium) method to enhance 

the contrast, and then embedded in resin (EPON812). After the removal of the dish bottom from the 

resin embedded specimen, they were then subjected to FIB-SEM tomography. TEM observations of the 

same samples were also performed. 

 

Relocation of the target cells was easily performed under SEM using backscatter electron imaging. DAB 

reaction products were also observable within the target cells as bright signals in both cases. 3D data of 

the target was acquired as serial cross-sectioned images using FIB/SEM machinery (Quanta 3D FEG, 

FEI). Repeat the FIB milling (15nm step) and SEM imaging cycle was repeated for 600 times under the 

negative bias condition to improve the image [4]. The final landing energy of the primary electron was 

set at 2.5kV. Obtained image stacks were reconstructed and analyzed using the Avizo software (FEI). 

 



Immunohistochemical specimen shows that most of the reaction products were mainly depicted in the 

matrix of mitochondria in both of TEM image and SEM block face image. Similar localization pattern 

were also observed in the case of the TFAM-GFP-APEX2 gene expression cell. However, the edge of 

the reaction was clearer in the APEX gene expression than the immunohistochemical detection. 

Quantitative analysis of the 3D data set showed that the DAB reactions were depicted in spherical to 

ellipsoidal areas and the average size of the volume was 0.022µm
3
, which was able to estimate to the 

diameter in about 0.4µm. On the other hand, TEM observation showed that cristae structures were 

frequently observed within the DAB positive area. 

 

In the present study, we have directly visualized the mitochondrial nucleoid in mammalian cell in 3D for 

the first time. As the few exception, nucleoid of the slime mold is able to observe as electron dense 

structure by a conventional staining [5], but the detail of the mammalian mitochondrial nucleoid has 

remained to be solved. A study combined with super resolution fluorescent microscopy and FIB-SEM 

observation showed the interaction of mitochondrial cristae to the nucleoid[6]. Superimposed image of 

fluorescent nucleoid and cristae structure acquired by FIB-SEM suggested that the nucleoids appear to 

be localized about 350nm of area and to be intertwined with cristae. Our direct visualization data of the 

mitochondrial nucleoid is well confirming their results. However this size is larger than another 

estimation using super resolution microscopy that indicating in 100-150 nm[7]. As DAB reaction 

product is known to diffuse from the original site of the antigen or fusion tag protein during the 

capturing of free radicals, there is a possibility to become larger. On the other hand, our post-embedded 

gold labeling to anti-TFAM antibody was also distributed much wider area than the 150nm area (data 

not shown), it is difficult to account the difference of the size by methods only in a DAB diffusion. 

Although it requires further study in order to mention about the actual size of the nucleoid, CLEM 

observation of the mitochondrial nucleoid enable us to visualize the nucleoid localization in 3D space 

and also to analyze the nucleoid dynamics under electron microscopy.  
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