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Introduction 
Gammaherpesviruses are lymphotropic viruses which 
establish lifelong infections in their hosts and are associated 
with cellular transformation and the development of 
malignancies, particularly in immunosuppressed individuals, 
for example AIDS patients (Rickinson and Kieff, 2001; Chang 
et al., 1994; Cesarman and Knowles, 1999). Until recently, 
mechanistic studies of the role of immunity in 
gammaherpesvirus infection have been hampered by the 
species specificity of the human herpesviruses, Epstein-Barr 
virus (EBV) and human herpesvirus-8 (HHV-8), and the 
difficulties and costs inherent in analyzing pathogenesis, 
tumor induction, and mechanisms of immunity in primate 
models. Infection of laboratory mice with murine 
gammaherpesvirus-68 (MHV-68) provides a small animal 
model for addressing basic issues in gammaherpesvirus 
pathogenesis and immunity (Virgin and Speck, 1999; Speck 
and Virgin, 1999; Simas and Efstathiou, 1998). MHV-68 was 
originally isolated from the bank vole (Clethrionomys 
glareolus) in Slovakia and is a natural pathogen for mice 
(Blaskovic et al., 1980) (Fig. 1). The overall similarities of 
MHV-68 to other gammaherpesviruses in terms of genomic 
organization, pathological symptoms and the establishment 
of both lytic and latent infection make it a valuable model. 
 

 
 
Fig 1: The bank vole (Clethrionomys glareolus) is a natural 
host of MHV-68.  
 
Herpesviruses have double-stranded DNA genomes of  a 
size of 100 to 250 kbp, consisting of up to 225 open reading 
frames (ORFs) (Roizman and Pellett, 2001). These large and 
complex genomes can code for an extensive repertoire of 
gene functions required to efficiently interfere with the host 
immune response. Although the complete sequence of the 
genome of many herpesviruses has been determined, the 
precise function for many of the viral genes, both in vitro, and 
in particular in vivo, has not been elucidated. Knowing the 
function of individual viral genes or families of viral genes is 
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the gene of interest, followed by the analysis of the 
phenotype of the mutant virus both in vitro and in vivo. 
Conventional methods for mutagenesis of herpesviruses 
included chemical mutagenesis, site-directed mutagenesis 
by homologous recombination in eukaryotic cells, and 
manipulating virus genomes using overlapping cosmid 
clones [reviewed, for example, in (Brune et al., 2000; 
Wagner et al., 2002)]. These methods proved very useful for 
the generation of a variety of mutants but their construction is 
often inefficient, laborious and time-consuming, mainly due 
to the large genome size and, in case of the beta- and 
gammaherpesviruses, the slow replication kinetics or the 
lack of replication in vitro. Conventional methods are 
performed in eukaryotic cells and therefore difficult to control. 
One problem is that the analysis of the mutant viral genomes 
is only possible at the very end of the lengthy experimental 
procedure and thus additional changes in the viral genome 
like deletions, rearrangements or illegitimate recombinations 
are frequently only observed then. Furthermore, the 
generation of a viral mutant requires selection against 
nonrecombinant wildtype virus and finally separation of the 
mutant virus from the wildtype virus, for example by plaque-
purification. Additionally, complementing cell lines are 
required when mutations are introduced into essential viral 
genes. The construction of a mutant is therefore often a 
limiting step for the analysis of a viral gene function in the 
genomic context (Adler et al., 2003). 
A completely new approach for the construction of 
herpesvirus mutants is based on cloni
as a bacterial artificial chromosome (BAC) in E. coli 
(Messerle et al., 1997). This technique allows the 
maintenance of viral genomes as a BAC in E. coli and the 
reconstitution of viral progeny by transfection of the BAC 
plasmid into eukaryotic cells. Mutagenesis of the virus 
genome in E. coli using prokaryotic recombination functions 
is possible, thereby allowing the generation of mutant 
viruses. Using this method, any genetic modification should 
be possible, thereby facilitating the analysis of herpesvirus 
genomes cloned as infectious BACs. 
 
Project Status 
In our previous research,
genome as an infe
(BAC) (Adler et al., 2000; Adler et al., 2001). Using this 
technique, we want to elucidate the role of host and viral 
genes in the virus-host interaction. So far, using targeted 
mutagenesis of the MHV-68 BAC, we have constructed and 
analyzed several MHV-68 mutants (Lee et al., 2003; Simas 
et al., 2004; Stewart et al., 2004). In the following chapter, 
one example of our current work, namely investigations on 
the role of a gammaherpesviral internal repeat for the 
pathogenesis, is described. 
The genomes of gammaherpesviruses contain variable 
numbers of internal repeats
pathogenesis is not well understood. We used infection of 
laboratory mice with murine gammaherpesvirus 68 (MHV-68) 
to explore the biological role of the 40 bp internal repeat of 
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MHV-68. Using BAC-technology, we constructed several 
mutant viruses partially or completely lacking this repeat. 
Both in vitro and in vivo, the loss of the repeat did not affect 
lytic replication of the mutant viruses when compared to 
wildtype virus. However, the extent of splenomegaly (splenic 
mononucleosis), which is associated with the establishment 
of latency, was reduced. Interestingly, despite the observed 
reduction of splenomegaly, the frequency of latently infected 
splenocytes, as determined by ex vivo reactivation assays, 
was only slightly (3-fold) reduced, and there was no 
significant difference in the genomic load. Since the 40 bp 
repeat is a part of the potential open reading frame (ORF) 
M6, it might function as part of the ORF or as an 
independent structure. To differentiate between these two 
possibilities, we constructed several N-terminal mutants of 
ORF M6, leaving the repeat structure intact but rendering 
ORF M6 unfunctional. Disruption of ORF M6 did neither 
affect the lytic nor the latent infection. In ongoing 
experiments, we try to elucidate the biological mechanisms 
underlying the observed phenotypes. Our findings suggest 
that the 40 bp repeat is dispensable for lytic replication but 
has a role in virus-induced mononucleosis (This work has 
been recently presented at the 30th International Herpesvirus 
Workshop, July 30 - August 5, 2005, Turku, Finland). 
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eted mutagenesis of the MHV-68 BAC, we 
onstruct MHV-68 mutants. Using these mutants, 

utants, both viral and host factors involved in the 

r,H., Messerle,M., and Koszinowski,U.H. (2001). 
irus reconstituted from infectious bacterial artificial 

mutant viruswildtype virus 

wildtype mouse mutant mouse

we will study the role of the targeted genes in the virus-host 
interaction both in vitro and in vivo. The analysis of MHV-68 
mutants will significantly contribute to the understanding of 
viral gene functions and to the evaluation of their role in the 
pathogenesis. By using various combinations of virus 
mutants and mouse mutants, we will attempt to identify both 
viral and host factors involved in the pathogenesis of 
gammaherpesvirus infections (Fig.2). 
 
 

 
 
Fig 2: By using combinations of virus mutants and mouse 
m
pathogenesis of gammaherpesvirus infections may be 
identified.  
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