
 

Leading bugs to the death chamber: A kinder
face of cholesterol
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A phagosome is shown with bugs trapped inside it by the lipid membrane of the
phagosome (green). Dynein motors (red) have assembled into cholesterol rich
domains (yellow patches) on the membrane. A team of Dyneins is also pulling
the phagosome along a microtubule. The direction of motion (black arrow) is
towards a lysosome, where the bugs will be killed. Another phagosome is fusing
with a lysosome. Credit: Mukesh Kumar (Artwork) and Autostakkert.com (Bug
image)

Cells of our immune system kill pathogens by enclosing them in a
compartment called the phagosome. The phagosome undergoes
programmed maturation, where the pathogen is degraded. Intimately
linked to this degradation is active transport of the phagosome inside
cells by nanoscale "Motor" proteins such as Dynein and Kinesin, which
are force generators for many kinds of biological movements.

Phagosomes carried by the Motors initially move in a back-and-forth
manner near the cell periphery, and mature by fusing with other
compartments. As time passes, there is a switch that causes the
phagosomes to move in an almost unidirectional manner towards the cell
centre. Here, they fuse with acidic lysosomes so that the pathogen can be
degraded.

The switch in the phagosome's motion is important for the degradation
of pathogens as has been observed in the case of Mycobacterium
tuberculosis and Salmonella who abort this switch as a strategy for
survival and infection.

Researchers at the Tata Institute of Fundamental Research now show
that the "switch" in a phagosome's fate is because of the formation of
cholesterol-rich domains called lipid rafts on the phagosome membrane.
"We have found the transport of pathogens to lysosomes is achieved by
the physical clustering of many nanoscale Dynein motors", says
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Professor Roop Mallik, the lead scientist of this study.

Dynein motors cluster into these lipid raft domains, and by doing so are
able to work cooperatively in large teams. This cholesterol induced
assembly of Dynein-teams transports the phagosome towards acidic
lysosomes for degradation. The results of this study will be published in
the February 11 issue of the journal Cell.

Importantly, they also show that a lipid molecule from the parasite 
Leishmania donovani that causes Visceral Leishmaniasis (Kala-azar), a
deadly disease endemic to many tropical countries including India, is
able to disrupt the clustering of Dynein, and therefore prevent the
transport of phagosomes towards lysosomes. This may be a mechanism
by which Leishmania can spread infection by surviving and multiplying
inside the immune cells of our liver and spleen.

Says Professor Mallik, "This discovery may help devise treatment
strategies against such dangerous infections. These results are also very
relevant to the pathogens that cause Tuberculosis and Typhoid. Our work
also shows how the much hated molecule cholesterol, can be useful in
clearing infections."

  More information: Ashim Rai et al. Dynein Clusters into Lipid
Microdomains on Phagosomes to Drive Rapid Transport toward
Lysosomes, Cell (2016). DOI: 10.1016/j.cell.2015.12.054
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