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Summary. Cellular microbiology has recently been 
described as a new discipline emerging at the interface 
between cell biology and rnicrobiology (Cossart et al., 
1996). Many microbial pathogens can enter eukaryotic 
cells and live intracellularly either inside vacuoles or in 
the cytoplasm. The different steps during the invasion 
process are on the way of being dissected at  the 
molecular leve1 revealing new insights in basic cellular 
functions. Indeed, bacterial pathogenesis can help us to 
better understand the dynamics of cell cytoskeleton, 
intracellular membrane traffic and signal transduction 
events. The recent advancements in the field of microbial 
pathogenesis are creating a new cross-taik between cell 
biologists, microbiologists and immuno-logists. In this 
review, the different strategies used by several pathogens 
are presented and the mechanisms elaborated by host 
cells from the immune system to eliminate the parasites 
discussed. 
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the power of host reactions to eliminate the bacteria. 
Invasive bacteria elicit specific responses from defined 
celis of the immune system which often are the primary 
targets of microbial assault. This review focuses on the 
mechanisms used by microbial pathogens to enter, 
transit, reproduce or escape from animal host cell 
compartments. 

Mechanisms of entry 

To gain access into the cytoplasmic compartments, 
some parasites have developped active invasion 
mechanisms which involve expression of bacterial 
proteins specialized in the entry into the host cell. Many 
of the details regarding bacteria entry have been obtained 
from the structural, genetic and molecular analysis of 
pathogenic bacteria such as Yersinia sp., Shigella 
flexneri, and Listeria monocytogenes (Hale, 199 1 ; 
Sansonetti, 1991; Falkow et al., 1992; Galan, 1994; 
Theriot, 1995). 

Yersinia 

lntroduction 

Evolution shows us that there has been long term 
cognate interaction between microbial prokaryotic and 
eukaryotic cells. While some of these interactions have 
evolved in symbiosis, severa1 microorganisms from 
diverse phylogenetic origins have derived into intra- 
cellular pathogens. Bacteria in particular have developed 
remarkable biochemical diversity and could exploit any 
biologically possible nest. The plasma membrane 
surface, the cytoplasm or intracellular compartrnents are 
locations where microbes can actively transit or 
reproduce by interacting with the eukaryotic cellular 
environment. This behaviour can lead to cellular or 
tissue damage, depending both on the capacity of the 
bacteria to defeat the host defensive mechanisms and on 
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One of the best studied systems is that of Yersinia 
pseudotuberculosis and its outer-membrane protein, 
invasin, the 103 kDa product of the inv gene (Isberg and 
Falkow, 1985; Isberg et al., 1987; Isberg, 1991). This 
surface molecule promotes entry by a zipper mechanism 
which involves the invasin binding to multiple B1 chain 
integrin receptors on the host cell plasma membrane 
(Isberg and Imng, 1990; I m n g  et al., 1990; Isberg and 
Tran Van Nhieu, 1995; Swanson and Baer, 1995). Since 
the integrins are present both in professional and in non 
professional phagocytic cells, the invasin-mediated 
intemalisation into epithelial cells would be similar to 
that observed in macrophages. The interaction between 
invasin and B1 integrin requires the carboxyl terminal 
192 aminoacids of the bacteria1 protein (Leong et al., 
1990). A second mechanism of entry to be used by 
Yersinia also involves the interaction between integrin 
receptors and the surface protein YadA encoded by the 
70 kb vhlence-associated plasmid (Bliska et al., 1993; 
Yang and Isberg, 1993). In addition to these two 


























