
 

Toxoplasmosis—the pathogen with a
molecular master key
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(A) Phylogenetic relationship of CRMPs is shown after alignment of the entire
coding sequence, bootstrap analysis (100×) supported most branches, colored by
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apicomplexan species. For sequences and alignment, see S1 Table. (B) Domain
architecture of selected CRMPs. Domains were predicted with SMART [36].
The conserved core containing the transmembrane domains was defined after the
amino acid alignment and is indicated with a gray box. Some large N-terminal
parts containing only internal repeats are not shown. Several domains are
indicated: CLECT (c-type Lectin or carbohydrate recognition domain), ERC
(Ephrin-receptor like), EGF-like (Epidermal growth factor-like), TM
(transmembrane domain), Kringle (Kringle domain), EGF (Epidermal growth
factor), coil coil (alpha helical coil coil domains), d1eq1a_ (apolipophorin III),
He_PIG (putative Immunoglobulin-like fold), d1ds9a_ (outer arm of dynein light
chain), FU (Furin-like repeats), PdH1 (parallel beta helix repeat). Credit: PLOS
Biology (2023). DOI: 10.1371/journal.pbio.3001937

One of the most widespread zoonoses worldwide, toxoplasmosis is an
infectious disease that is caused by the parasite Toxoplasma gondii.
Although cats are the final host, the parasite can infest any warm-
blooded animal, including humans. In an investigation of how the
pathogen manages to infect such a broad range of hosts, a team led by
Prof. Markus Meissner, chair of experimental parasitology at LMU, has
identified a central protein complex.

Toxoplasma belongs to a phylum of unicellular parasites known as
Apicomplexa. In contrast to Toxoplasma, most species in this group are
restricted to specific hosts and cell types. The malaria pathogen
Plasmodium, for example, is very species-specific and can infect only 
liver cells and red blood cells. In the view of the scientists, the broad host
range of Toxoplasma suggests that the parasite can recognize multiple
structures of the host cell, leading to the activation of a central invasion
complex.

"Our hypothesis was that this invasion complex is strongly conserved and
present both in Toxoplasma and in Plasmodium," says Dr. Mirko Singer,
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lead author of the study. "To investigate the invasion mechanisms and
possible reasons for the different host specificity, we compared the
factors involved in the invasion of the host for Toxoplasma and
Plasmodium."

Interplay of two variants

In their analysis of the invasion factors, the researchers concentrated on
a family of huge Cysteine Repeat Modular Proteins (CRMPs), which
were already suspected of playing a role in the invasion. Plasmodium
possesses four of these proteins, whereas Toxoplasma has just two. By
means of various experiments, the scientists managed to demonstrate
that there are two CRMP variants which interact in pairs—variant A
interacting with variant B in each case.

The entire complex is assembled within Toxoplasma and then moves to
the surface of the parasite, where it initiates the invasion of the host cell.
If one of the partners is removed, the parasite cannot penetrate its host
cell—the complex thus functions as a central "master key" to access the
host.

Furthermore, the scientists identified two additional little helper proteins
in Toxoplasma that each bind specifically to one of the variants.
"Without these helpers, it is harder for Toxoplasma to invade cells," says
Meissner. "Interestingly, they are absent in Plasmodium, which could
explain Toxoplasma's broader host range."

The findings are published in the journal PLOS Biology.

  More information: Mirko Singer et al, A central CRMP complex
essential for invasion in Toxoplasma gondii, PLOS Biology (2023). DOI:
10.1371/journal.pbio.3001937
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