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Malaria parasites have two actin isoforms, which are among the most divergent members of the 
highly conserved actin protein family. Actins are essential in all eukaryotic cells and responsible for 
central cellular functions, such as muscle contraction, cell division, shape determination, transport, 
and cell motility. Common to most actins is their capacity to form long filaments. Typically, 
polymerization requires ATP, which gets hydrolyzed into ADP in the filamentous form, leading to 
filament destabilization and depolymerization. These processes in higher eukaryotes are regulated 
by a plethora of actin-binding proteins. In apicomplexan parasites, including the deadly malaria 
parasite Plasmodium falciparum, actin is indispensable for motility and, thus, infectivity. Yet, actin 
filaments have not been observed in vivo in these pathogens, and the filaments formed in vitro are 
very short – only ~100 nm long [1]. Also the set of regulatory proteins in these parasites is very 
small, comprising only 10-15 actin-binding proteins. Unlike other members of the apicomplexan 
phylum, Plasmodium parasites have a second, mosquito-stage-specific actin isoform. Actin II has a 
critical function in gametogenesis, as male gametocytes lacking actin II do not exflagellate, i.e. 
develop into gametes [2]. Curiously, the two actins of Plasmodium differ from each other as much 
as they differ from the canonical actins. 

We determined crystal structures of both Plasmodium actins and show by electron cryo-microscopy 
that the two parasite actins differ from each other substantially in the filamentous form [3]. While 
actin I per se forms only short, curly structures without the helical symmetry typical for actin 
filaments, actin II forms long filaments, up to a few micrometers in length. When chemically 
stabilized, actin I filaments display a significantly longer crossover distance of the two 
protofilaments: ~400 Å compared to ~360 Å observed for actin II and canonical actins. Several 
atomic details in the crystal structures explain the different polymerization propensities. One of the 
most important factors affecting polymerization is the so-called D-loop in actin subdomain 2 
(Figure 1). Replacing the D-loop of Plasmodium actin I with that of canonical alpha-actin results in 
a chimera that forms long filaments. The replacement affects only the stability, not the symmetry, 
of the filaments, as the chimera filaments retain the longer crossover distance of wild-type actin I. 
We also show in vivo that actin I cannot replace actin II during male gametogenesis. However, the 
chimera that forms long filaments in vitro also rescues gametogenesis in parasites lacking actin II. 
This suggests that Plasmodium, as the only apicomplexan parasite, has faced the need to acquire a 
second actin isoform that is specific to the sexual reproduction within the mosquito, where long 
filaments appear to be needed. 

Another peculiar feature of the Plasmodium actins is the formation short oligomers in the presence 
of ADP [3], which is a fundamental difference to all other actins, which polymerize in the ATP-
bound form. Structural differences in the active site and the surrounding loops suggest that also the 



mechanism of ATP hydrolysis may differ from higher eukaryotic actins. Indeed, we could show 
that the parasite actins hydrolyze ATP also in the monomeric form much more efficiently than 
muscle actin, and mutagenesis confirmed the importance of the proline-rich loop (Figure 1) and the 
D-loop in catalysis. 

We provide a structural basis for understanding the functional differences of the malaria parasite 
actins compared both to each other and to canonical actins. The parasite actins have the most 
unique biochemical properties, structures, and biological functions of all actin isoforms 
characterized to date. The high-resolution structures will also serve as a starting point for evaluating 
the suitability of Plasmodium actins and actin-binding proteins as drug targets. 

 

Figure 1: Cartoon representation of the crystal structure of the Plasmodium actin chimera that has the D-loop 
of canonical alpha-actin. Subdomain 2 containing the D-loop is circled. The proline-rich loop near the bound 

ATP (modeled as sticks) is indicated with an arrow. The background is an electron cryo-micrograph of 
filaments formed by the chimeric actin. 
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