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If you have never used 
  

Electron Microscopy Imaging 
….think about 

 
what important 

 
SCIENTIFIC INFORMATION  

 
You may BE MISSING  !!!! 



Electron	microscopy	allows	high	resoluAon	
imaging	of	biological	structures	

•  A	beam	of	electrons	are	used	instead	of	light	
•  Electron	beam	has	a	wavelength	of	0.01	nm	providing	a	

resolu;on	of	1-2	nm	(TEM)	or	10-20	nm	(SEM)	
•  The	lenses	used	to	focus	the	electron	beams	are	

electromagnets	rather	than	glass	lenses	
•  Transmission	EM	(TEM:	transmit	electrons	through	very	

thin	70nm	specimen)		&		
•  Scanning	EM	(SEM:	surface	examina;on	of	specimen/

cellular	topography)	can	be	used	to	visualize	cells,	;ssue	
and	materials	at	the	Nanoscale	level.	

	
The	principles	of	electron	microscopy	are	similar	to	light	microscopy	except:	



LM versus EM Sample Size 



10%	Formalin	FixaAon	for	Light	Microscopy		
5	micron	secAon	of	paraffin	embedded	Renal	Cell	

Carcinoma	stained	with	Hematoxylin	and	Eosin	(H	&	E)	



Microscopy of a skeletal muscle tissue region

Light
Microscopy

Electron
microscopy



Fixatives for Electron Microscopy 
 

Glutaraldehyde 
Glutaraldehyde is one of the most frequently used fixatives. It reacts rapidly with proteins 
and because it is a dialdehyde, it stabilizes structures by cross-linking before there is any 
opportunity for extraction by the buffer. Hence more ground substance of the cytoplasm 
(glycogen) and of the extracellular matrices is preserved. *Glutaraldehyde alone is not an 
adequate fixative. Because certain cell components especially lipids, are not fixed and may 
be extracted during dehydration, therefore secondary fixation is necessary using osmium 
tetroxide. 
Osmium tetroxide 
It reacts with lipids and also acts as a stain. Osmium will penetrate most tissues at a rate of 
about 1mm / hour. Extended times will cause extraction of many proteins, therefore keep 
time of immersion to a minimum. 
Formaldehyde 
Commercially available solutions are unsuitable for electron microscopy because of their 
content of methanol (precipitating). 
Paraformaldehyde powder is used to prepare methanol-free formaldehyde. Main 
advantage of formaldehyde is that it has a higher rate of penetration than either 
glutaraldehyde or osmium tetroxide so that large blocks of tissue are well fixed. Will 
penetrate most tissues at a rate of about 10 mm / hour, but will take a longer time to 
stabilize the tissue. 
Formaldehyde and Glutaraldehyde mixtures 
Fixatives containing both paraformaldehyde and glutaraldehyde provide a much better 
quality of fixation, than either aldehyde alone. Formaldehyde penetrates tissues rapidly and 
mildly stabilizes proteins etc. which are then permanently fixed by the glutaraldehyde. 
 
 



Electron	micrograph	of	Assue	with	formalin	fixaAon	&	
paraffin	embedding	reprocessed	into	epoxy	resin	for	TEM.									

Look	what’s	missing!!	



Fixed with Glutaraldyde and Post-fixed in Osmium Tetroxide 
EXCELLENT PRESERVATION OF ULTRASTRUCTURE !! 



  The diagram shows a longitudinal 
view of an osteon. 

 

 
The osteocytes are arranged in concentric rings of bone matrix 
called lamellae (little plates), and their processes run in 
interconnecting canaliculi.  
 
The central Haversian canal, and horizontal canals (perforating/
Volkmann’s) canals contain blood vessels and nerves from the 
periosteum.  

FIXATION OF BONE 

Murine bone is vascularized  
via vessels entering the cortical bone  
from the bone marrow cavity.  
 
Mice and rats lack a well-developed 
Haversian remodeling system and mostly 
lose cortical bone at the endosteum. 
 

 
 



Cells that are involved in growing bon   

Osteoprogenitor cells are the 'stem' cells of bone, and are the source of new osteoblasts.  
 
Osteoblasts, lining the surface of bone, secrete collagen and the organic matrix of bone 
(osteoid), which becomes calcified soon after it has been deposited. As they become trapped in 
the organic matrix, they become osteocytes. 
 
Osteocytes maintain bone tissue. Fine processes from these cells ramify through bone, and form 
gap junctions with other osteocytes. 



Osteocytes extending  
cytoplasmic filopodia (arrows) into canaliculi 

2.0% glutaraldehyde combined with  
4% paraformaldehyde.   

This bone was  perfusion fixed. 





Specimen preparation for thin sectioning TEM 

Thin 70nm EM section of 
a normal liver cell

Toluidine blue stained
1 micron plastic section
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GRIDS ARE STAINED WITH HEAVY METALS  

FOR ADDED CONTRAST  
WHEN THEY ARE VIEWED  

WITH THE ELECTRON BEAM: 
 

Uranyl acetate & Lead Citrate 
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WE	WORK	IN	THE	DARK	!!	

HITACHI	7650	TEM	installed	in	2008	
with	a]ached	Gatan	11	megapixel	Digital	

Camera	



BEAM ON! 



USING	TEM	WE	WERE	ABLE	TO	CAPTURE	DETAILS!!	



Immunoelectron Microscopy 

Gold Tagged Protein A 
or 

Secondary Antibodies 

Diaminobenzidene (DAB)  
Pre-embedding Labeling 

 TO INSULIN	
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Scanning	Electron	Microscopy	(SEM)	Imaging	

								
	
	Biological	specimen	preparaAon:	
	
Primary	Fixa;on:		Same	as	for	TEM	
glutaraldehyde	+/-	paraformaldehyde	
	
Secondary	fixa;on:	Osmium	tetroxide	

Dehydra;on:	Graded	series	of	ETOH	

Coa;ng	(usually	gold	or	pla;num)	

Images	the	Topographic	Details	of	a	Specimen’s	Surface 



SPUTTER COATER USED TO COAT 
DEHYDRATED SAMPLES WITH  

GOLD OR PLATINUM 



SPUTTER COATING WITH GOLD 



Scanning	electron	microscopy	
•  Specimens	are	fixed	and	

coated	on	their	surface	with	an	
electron-dense	layer	of	metal	

•  A	conduc;ve	coa;ng	is	needed	
to	prevent	charging	of	a	
specimen	with	an	electron	
beam	in	conven;onal	SEM	
mode.	Electrons	are	reflected	
off	the	surface	onto	a	detector.		

	



Scanning	Electron	Microscopy	
	

Original Black and White SEM image False Colored SEM image 



Two – Murine Osteomyelitis implant models  

Model 1 

1)  Nishitani K, Sutipornpalangkul W,  de Mesy Bentley KL, et al: Quantifying the natural history of biofilm formation in vivo during the establishment of 
chronic implant-associated Staphylococcus aureus osteomyelitis in mice to identify critical pathogen and host factors.  J Orthop Res 33-9:1311-9. 2015 

2)  Inzana JA, Schwarz EM, Kates SL, Awad HA.: A novel murine model of established Staphylococcal bone infection in the presence of a fracture fixation 
plate to study therapies utilizing antibiotic-laden spacers after revision surgery. Bone 72: 128–136, 2015.  

1 x 3mm Stainless  
Steel Pin 

Model 2 
osteotomy	

Femur	
mid-diaphysis	

	

Screws & plates 

SCANNING ELECTRON 
MICROSCOPY:  

Topographical examination of 
implants to identify S. aureus  

and biofilm formation. 
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THANK YOU ! 



Transmission EM (TEM: transmit electrons through very thin 70nm 
specimen)  & Scanning EM (SEM: surface examination of specimen/
cellular topography) can be used to visualize cells, tissue and 
materials at the Nanoscale level. 
	
1)  Clarify intracellular localization of a fluorescently tagged antibody 
 to specific subcellular organelles using electron dense  tagged       
secondary antibodies. 
2)  Examination of infectious agents, such as, biofilms (MRSA in bone), 
viruses, viral like particles, bacteria. 
3)  Unveil mechanisms of virus assembly using negative stain & TEM. 
4)  Determine altered phenotype in conditional knockouts or transgenics. 
5)  Provide evidence of subcellular change in cellular compartments which 
correlate with disease not evident by light microscopy imaging. 
6)  Integration of intravital imaging with ultrastructural providing details of 
cell egression. 
7)  Autophagy related genes and ultrastructural confirmation of autophagy 
organelle subtypes correlated to imaging by confocal microscopy.  
8)  Nanomaterials/Nanoparticle characterization for Nanomedicine 
applications or Nanotoxicology studies. 
9)  Analysis of cell cultures for alterations in cell-to-cell junctions, 
neuroendocrine differentiation, synapse formation or alterations in 
subcellular organelles when nanoparticles are taking up by the cells. 
10)  Clinical Drug Studies: Examination of dysfunctional organelles such as 
mitochondria with evaluation of their altered size, shape and morphology in 
patients with congestive heart failure, diabetes or mitochondrial 
myopathies. 
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