
 

Researchers obtain a snapshot clarifying how
materials enter cells
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This graphic illustrates an intermediate step in the process that brings nutrients or
other substances into cells. The membrane proteins are shown holding the
nutrient in a small cavity within the cellular membrane. A Purdue team led by
Jue Chen, an associate professor of biological sciences, captured an image of a
key step that reveals interactions of the main proteins involved in the process.
(Purdue graphic/Chen labs)

A group of Purdue University researchers has captured a key step in the
metabolic process that allows materials, such as nutrients and drug
treatments, to move in and out of cells.
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A research team led by Jue Chen, an associate professor of biological
sciences, obtained a snapshot of the tiny protein gate complex that opens
and closes pathways through the protective cellular membrane. The
gates, operated by small protein machines that push them open and
closed, bring nutrients into the cell and flush out waste.

The Purdue-led team was the first to achieve an image of the middle step
of the process, capturing the molecular interactions as material passes
through the membrane.

"By understanding the mechanisms of this process, researchers may be
able to design more effective treatments for diseases that involve this
group of proteins, such as cancer and cystic fibrosis," said Chen, who
also is a member of Purdue's structural biology group within the College
of Science. "With this knowledge, researchers may be able to inhibit or
activate this mechanism, depending on what is needed to counteract the
disease. For instance, many cancer cells are resistant to drug treatments
because the cells pump the drugs out through these channels before they
can work."

Amy Davidson, who collaborated on this work with Chen, said capturing
an image of the intermediate stage is a giant step toward learning the
complete process.

"If you look at only the before and after stages, you don't really know all
that goes on," said Davidson, an associate professor of chemistry at
Purdue. "The intermediate stage provides all of this information about
how the process really works. It shows all of the main components of the
system interacting, which had not been seen before. It is a snapshot of
what happens halfway through the entry process and is a very clear
picture of how things work."

The research team used X-ray crystallography to obtain a picture of a
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special protein, called an ABC transporter protein, as it moved material
through the cellular membrane. The work was published in last week's
issue of Nature.

In addition to Davidson, Chen's research team includes postdoctoral
research associates Michael Oldham and Dheeraj Khare from Purdue,
and professor Florante Quiocho from Baylor College of Medicine. The
team began this work in 2001.

ABC proteins are present in every living thing and have important
biological functions. Scientists have identified 49 different ABC
proteins in humans and have found that more than a dozen disease states
are associated with malfunctions of these proteins, including macular
dystrophy and problems in the regulation of cholesterol and insulin
secretion.

Chen's team isolated ABC proteins from an E. coli bacterium, which is
the standard research subject for this field of work. The ABC proteins
are structurally very similar to those in human cells, and most of the
principles can be directly applied to humans, Chen said.

Membrane proteins are notoriously difficult to study, Chen said. While
most proteins dissolve in water and can be easily crystallized and
examined, membrane proteins dissolve only in fatty substances, making
it hard to isolate them for study.

The collaboration between Chen and Davidson, a structural biologist and
a biochemist, was the key to success in capturing the intermediate
structure, Chen said.

Davidson identified a special mutant of the ABC protein that locks
halfway through the process. The mutant trapped the protein complex in
a stable form that allowed Chen to crystallize and visualize the structure.
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"We have the common goal to learn how this family of proteins works,
but we take different approaches," Chen said. "It is important to
communicate with scientists in other fields who can offer clues and tools
to help reach your goal. We used genetic data and biochemical data to
learn what we needed to crystallize and solve the structure."

While structural biologists attempt to obtain images of a protein as it
performs a process, biochemists use indirect methods to understand the
nature of a protein and how it moves through different conformations.

"Collaboration allows us to marry visual structures to other techniques
that let you see the motions," Davidson said. "It all came together
beautifully and matched the model we proposed in 2001 of what things
should look like during this process. Through genetic and biochemical
work we determined which proteins were important to this process, but
we didn't know exactly how they worked. The image of the structure
answers these questions and clearly shows the specific interactions."

Next, the team will work to determine the structure of another
conformation of the protein that explains the other half of the process:
how material is delivered into the cell.

Source: Purdue University
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