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Cells infected with positive-strand RNA viruses undergo an extensive remodeling of their 
intracellular membranes to form unique structures on which viral genome replication takes place [1].  
One of the best studied examples of membrane rearrangement to form functional RNA replication 
complexes has been poliovirus (PV) infection of HeLa cells, in which clusters of virus-induced 
vesicle-like structures have been observed by conventional transmission electron microscopy (TEM) 
[2](Fig. 1 A&B).  In this study, we discuss the techniques and technologies used to examine the 
replication complexes formed in PV-infected cells to elucidate the structure of the membranous 
replication complexes. 
 
Immune-labeling sensitive internal antigens prior to embedding allows use of mild fixatives 
followed by post-fixation steps after immunology for  better preservation of membranes compared to 
many alternative strategies involving post-section labeling techniques [3].  Antibody labeling against 
viral replication proteins using horseradish peroxidase secondary conjugates and the electron dense 
DAB substrate demonstrated the involvement of both single- and double-membrane structures in 
virus replication (Fig. 1C).   

 High pressure freezing PV infected cells followed by freeze-fracture and viewing under cryo-
conditions with an in–lens scanning electron microscope revealed small aggregates of vesicles, 
consistent with those viewed by TEM (Fig. 2A).  A contiguous membranous structure appeared to 
compartmentalize vesicles into discrete clusters (Fig. 2B).  Additional immunological and temporal 
studies of these structures may provide insight in determining a mechanism for replication complex 
morphogenesis.  

Tilt series of replication complexes were collected and three-dimensional reconstructions revealed 
the vesicles were, in fact, irregularly shaped convoluted chambers, some with tubular extensions, 
often in close association with “vesicles” of equal complexity (Fig. 3A-C).    A combination of these 
and other molecular and biochemical techniques will be useful in further studies to determine if there 
are functional differences between the single and double membrane structures, of if they are merely 
derived from different membranous origins. 
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Figure 1.  (A) Polioviruses (PV) induce dramatic membrane rearrangement in HeLa cells, (B) to 
form vesicular shaped replication complexes (arrows), where (C) viral replication occurs as 
visualized through immunolabeling of viral proteins. 

 

 
Figure 2.  (A) Cryo-SEM of freeze-fractured PV infected Hela cells allows topographical 
visualization of the viral replication complexes, revealing (B) a membranous structure that appears 
to encapsulate multiple vesicular structures. 
 
 

 

Figure 3.  (A) a  +/- 70 degree tilt series of a 200 nm thick region with PV replication associated 
structures was collected on a FEI Tecnai 120 Biotwin  microscope.  (B) The final volume was 
segmented with Amira software (v. 5.2) and (C) the 3-D volume revealed the complexity of 
membrane compartments involved with viral synthesis. 
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