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Summary. The study of the virus life cycle in infected 
cells is a methodological challenge due to the small size 
and diversity of the viral components.  Recent 
developments on preservation of fine structure and 
molecular localization have provided a group of 
powerful methods with wide applications in cell biology 
and virology. Among the different electron microscopy 
(EM) techniques available to visualize viral assembly at 
the intracellular level, we will focus on conventional 
ultrathin sections, cryosections, and freeze-substitution. 
For obtaining molecular information associated to 
ultrastructure we have now a group of methods to detect 
viral proteins (immunogold labeling), as well as the viral 
genome, through the different techniques for detection of 
nucleic acids (the enzyme-gold approach, in situ 
hybridization, and elemental mapping). We will illustrate 
the applications of these methods with examples of 
viruses that exhibit  different levels of structural 
complexity. These new approaches help to detect and 
identify viruses in clinical samples and to characterize 
the virus life cycle and the cellular components 
involved, to obtain data that could help for a therapeutic 
intervention, and to characterize virus-like particles that 
can be the basis of new and safe vaccines. 
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1. Introduction 

The study of viral morphogenesis needs the 
contribution of different fields in biology: cellular 
biology, structural biology and molecular biology 
contribute to build the knowledge on how viruses 
assemble in the cells they infect. In fact, the simplicity of 
viruses make them very adequate and attractive models 
to understand how macromolecular assemblies work and 
develop particular functions. At the cellular level, the 
study of the viral life cycle is closely related to the 
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characterization of the cellular systems involved, their 
function, and the signals that govern communication 
between them. During the last two decades the 
considerable development of methods for ultrastructural 
analysis and specific detection of particular components 
at the electron microscopy level has provided very 
adequate tools to study microbial pathogens (and in 
particular to visualize viruses) within the cellular 
environment (Carrascosa, 1986, 1988; Sodeik et al., 
1993; Risco and Pinto da Silva, 1995; Nermut and 
Hockley, 1996). In this review we have mainly focused 
on animal viruses, since, for obvious reasons, most of 
the interest for ultrastructural analysis of cells and 
viruses have been centered on animal systems. The same 
approaches can also be applied to viruses that affect 
plants, yeast, fungi or bacteria introducing the adequate 
technical modifications imposed by the existence of 
thick cell walls in these organisms (Tomenius and 
Oxefelt, 1982; Martelli and Russo, 1985, Hayat, 1986; 
Baron-Epel et al., 1988; Rodriguez-Cerezo et al., 1997). 

Reviewing the data available for different viral 
families, it can be said that almost any cellular organelle 
can be used by viral components to start the assembly of 
new viral particles (Fig. 1). We will focus on animal 
viruses, that, as summarized in Fig. lA ,  can exhibit 
different levels of structural complexity (Nermut, 1987; 
Harrison et al., 1996). The simplest of these viruses 
would consist of a filamentous ribonucleoprotein (a). 
One or more capsids of protein (usually of icosahedral 
symmetry) can enclose the ribonucleoprotein (b, c). 
Enveloped viruses are more complex. They incorporate 
one or more membranes from the cell, membranes that 
have been previously modified by the insertion of viral 
proteins (d-f). Some enveloped viruses contain a layer of 
matrix protein interacting with the internal face of the 
membranous envelope ( f ) .  Finally, poxviruses are very 
large viruses whose detailed internal organization has 
not been defined yet (g). The different components of 
the mature virion can be put together in or several steps 
(Fig. 1B). 

Viruses can assemble in the cytoplasm or 
nucleoplasm, in association with cellular membranes 
(plasma membrane, nuclear envelope, endoplasmic 
reticulum, intermediate compartment, Golgi apparatus) 














































