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Detailed view of a molecular toxin
transporter

May 30 2017, by Fabio Bergamin

The transport protein ABCG2 (centre) is embedded in the cell membrane. It
recognises over 200 substances in the cell interior (below) and transports them
outside (above). Credit: ETH Zurich / Scott Jackson, Ioannis Manolaridis,
Kaspar Locher

Transport proteins in the cells of our body protect us from particular
toxins. Researchers at ETH Zurich and the University of Basel have now
determined the high-resolution three-dimensional structure of a major
human transport protein. In the long term, this could help to develop new
medications.

Almost all living creatures have evolved mechanisms to remove toxins
that have entered their cells: molecular pumps located in the cell
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membrane recognise harmful substances in the cell interior and transport
them outside. Researchers from ETH Zurich and the Biozentrum of the
University of Basel have now defined the three-dimensional structure of
such a transport protein in humans (the protein ABCG?2) at the atomic
level. This is the first time such a structure has been defined for a human
multi-drug transporter. The scientists published their work in the latest
issue of the scientific journal Nature.

"The protein ABCG?2 recognises and transports at least 200 known
substances," explains Kaspar Locher, Professor of Molecular Membrane
Biology at ETH Zurich and head of the study. These substances include
alkaloids — plant substances that we ingest with our food — but also
substances produced by the body itself, such as uric acid or bilirubin (a
metabolite of haemoglobin).

The protein is active in the intestinal wall, for example, where it prevents
harmful substances from entering the blood; it is also found in the cells
of the blood-brain barrier, where it keeps toxins away from the brain.
Proteins such as ABCG?2 also play an important role in mammary glands
and in the placenta, where they ensure that toxins do not enter the breast
milk or the bloodstream of an unborn child.

Double-edged sword

The role of multi-drug transporters does have a downside, however: the
proteins also pump some medications out of cells, preventing them from
acting in those cells. "This means that when developing medications, it is
always important to investigate whether they are recognised by transport
proteins such as ABCG2," says Locher. Medicines administered orally
have to penetrate the intestinal wall, and those meant for the brain must
pass the blood-brain barrier — which they can only do it ABCG?2 doesn't
recognise them.

2/4


https://phys.org/tags/structure/
https://phys.org/tags/protein/
https://phys.org/tags/blood-brain+barrier/
https://phys.org/tags/transport+proteins/
https://phys.org/tags/transport+proteins/
https://phys.org/tags/intestinal+wall/

PHYS 19X

It is well known, however, that ABCG2 recognises some cancer drugs
(chemotherapeutics). This is particularly serious because certain tumour
cells are able to increase the number of ABCG2 proteins in their cell
membranes. Such cells efficiently pump the chemotherapeutic substance
outwards — meaning they are resistant to the drug.

Developing drugs with computers

Now that scientists know the structure of ABCG?2, in future they may be
able to simulate on a computer whether new drugs will be recognised by
the transport protein. Researchers could also use computer modelling to
develop better antibodies for the diagnosis of drug-resistant cancer cells,
or drugs that inhibit the transport protein. Such substances could help to
overcome resistances to particular chemotherapeutics. "The
contributions of our research to medicine, particularly cancer medicine,
should really be seen in the longer term. We are primarily building the
foundations," emphasises Locher.

ABCG?2 1s a very mobile molecule, which made it difficult to determine
its atomic structure. By using stabilising antibodies, however, the
scientists succeeded in immobilising the protein. The three-dimensional
structure was determined using cryo-electron microscopy by the ETH
researchers in collaboration with Henning Stahlberg, a professor at the
Biozentrum of the University of Basel, and his group. "We have recently
been working intensively on optimising the resolution capacity of our
electron microscopes, and substantially automating them at the same
time. This has now resulted in an incredibly fast structure determination
pipeline," says Stahlberg.

Cryo-electron microscopy is a comparatively new technology for
determining atomic molecular structures. "This technology has triggered
a revolution in structural biology," says Locher. In view of its
importance, ETH Zurich will continue to invest in the method and will
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acquire a second high-end cryo-electron microscope for the ScopeM
microscopy centre. It will be available to all life sciences researchers to
study molecules and structures with atomic resolution.

More information: Nicholas M. L. Taylor et al. Structure of the human
multidrug transporter ABCG?2, Nature (2017). DOI:
10.1038/nature22345
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