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Switching mechanisms and regulation of var gene expression

Transcriptional switches between different members of the var gene family

allowing the parasites to alter both the adherent properties of the IEs and their antigenic

phenotypes, and therefore avoiding the antibody response of the infected individual and

maintaining a persistent infection. At any given time, only a single PfEMP1 protein is

expressed in each parasite (Chen et al., 1998b; Kyes et al., 2003; Scherf et al., 1998). It

has been demonstrated that mutually exclusive expression of PfEMP1 is regulated at the

level of var gene transcription, rather than the level of protein synthesis (Chen, 1998;

Scherf, 1998; Kyes, 2003; and Voss 2006); unlike in mammalian systems, it has until

recently neither been thought regulated upon the negative feedback of the level of the

proteins produced (Dzikowski et al., 2006 and Paper IV). In natural infections, switching

of var genes needs to occur often enough to generate parasite subpopulations that can

escape the human immune response, yet be tightly controlled in order to avoid

exhaustion of the sixty different proteins encoded within the genome of each individual

parasite. The expression dynamics of var genes and their switching rates have

previously been studied using different approaches including in vitro and in vivo assays

and mathematical modeling (Frank et al., 2007; Gatton et al., 2003; Horrocks et al., 2004;

Kaestli et al., 2004; Roberts et al., 1992); the conclusions of these studies, however, were

not corroborated with each other. The discrepancies might be in part due to variation in

the experimental setups and the approaches used for monitoring variation.

While the details of the mechanism controlling var gene expression have not yet

been defined, recent evidence supports a role of epigenetic regulation. Epigenetic

controls of gene expression refer to alternation in transcriptional states of a gene that is

not accompanied by changes in the DNA sequence or position in the genome. In P.

falciparum, epigenetic regulation of var gene expression involves chromatin modification

(Chookajorn et al., 2007; Duraisingh et al., 2005), repositioning of var loci in subnuclear

compartments (Duraisingh et al., 2005; Freitas-Junior et al., 2005; Voss et al., 2006) and

activation or silencing by non-coding genetic elements (Calderwood et al., 2003; Deitsch

et al., 1999; Frank et al., 2006; Voss et al., 2000; Voss et al., 2003; Voss et al., 2006).































37

conserved amongst the classical SDs, its paralogue PFA0675w in the sd-SD is

genetically variable and contains RESA-like repeats and a DNJ domain.

Role of the SD in speciation and antigenic diversification

Thirteen pfmc-2tm genes have been identified in the 3D7 genome; nine of them

are located within the SD and the rest are located adjacent in the paralogous gene

neighbourhood. The most parsimonious explanation for this observation is that the pfmc-

2tm gene family was expanded through segmental duplication.

Most of the genes within the SD, except the q-gene and a var pseudogene,

encode PEXEL-containing export proteins. Interestingly, the q-gene is the only member

having orthologues in other organisms (P. vivax, P. yoelii, P. chabaudi and P. berghei)

and might be one explanation for why the SDs have been selected upon speciation. In

other words, the gene might have unique and beneficial purposes on existence of P.

falciparum.

To determine whether the SD carries any potential biological relevance, we

examined the transcription of the SD genes using the transcriptome data generated in

Paper III supplement with publicly available databases, and we found only the n-gene to

be significantly transcribed. Further analysis demonstrated that transcription of the n-

gene, besides being developmentally regulated, was correlated to the gene dosage in the

genome. This suggests that the n-gene not only serves as a mediator for non-

homologous chromosomal interaction, but could be of functional significance to the

parasites.
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