
 

'Electron shuttle' protein plays key role in
plant cell-wall construction

April 8 2019
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Cross-sections of Arabidopsis stems stained to show total lignin (top) and S-
lignin content (bottom) in wild type plants (left) and plants lacking the gene for
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an electron-shuttle protein known as CB5D (right). Knocking out this CB5D
gene does not impair total lignin content but specifically lowers S-lignin subunits.
Credit: Brookhaven National Laboratory

Scientists studying plant cell walls—structural supports that help plants
overcome the downward pull of gravity—have discovered mechanistic
details of a protein involved in the assembly of lignin, a key cell-wall
component. The protein acts as a targeted "electron shuttle," delivering
the "fuel" that drives the construction of one specific type of lignin
building block.

The study, published in The Plant Cell on April 8, 2019, by scientists
from the U.S. Department of Energy's Brookhaven National Laboratory
and their collaborators, revealed that this particular electron shuttle was
different from those that drive the production of other kinds of lignin
precursors, said Chang-Jun Liu, the Brookhaven Lab biochemist who led
the research. These findings suggest that controlling the relative
abundance of electron shuttle proteins could be a new strategy for
steering which cell-wall building blocks are put in place as plants grow.

Traditionally, scientists have sought to control the mix of lignin and
other cell-wall building blocks by focusing on the allocation of carbon,
the essential backbone of all these molecules. The idea is to drive carbon
into molecules that would be useful for specific applications.

For example, a certain mix of lignin building blocks could make cell
walls easier to break down to increase the efficiency of converting
biomass to biofuels. An abundance of one particular lignin polymer, on
the other hand, could be used for making carbon fibers or high-value
aromatic compounds for flavors and fragrances.
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"Much of this previous work has directly targeted the enzymes that steer
carbon into different biochemical pathways," said Brookhaven's Liu,
who also holds an adjunct position at Stony Brook University.

The new work suggests an alternative approach, targeting the shuttle
proteins that deliver the electrons needed to activate the enzymes.

"Electrons are like the fuel for the reaction," Liu explained. "For these
enzymes, without this fuel, these reactions cannot happen. By targeting
the electron-delivery proteins, we can selectively redirect the electron
flow to change plants' lignin composition."

Biochemical details

The scientists identified the specificity of the electron shuttle protein
through detailed studies of the biochemical pathways that lead to the
synthesis of three different lignin precursors. They already knew that the
synthesis of each lignin subtype—H, G, and S—is controlled by a
different oxidative enzyme as part of a single, three-step hydroxylation
process.

"For all three, the enzyme itself is insufficient for the reaction to go
forward," Liu said. Each one needs electrons, delivered by a partner
protein.
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Brookhaven Lab biochemist Chang-Jun Liu (seated) with study co-authors
Yunjun Zhao (right) and Yanzhai Song (rear), both postdocs in Liu's lab,
reviewing data from a study of how different electron-shuttle proteins affect the
construction of various plant cell-wall building blocks. Co-authors not shown:
Mingyue Gou, a former Brookhaven Lab postdoc who is now a principal
investigator at Henan Agricultural University, China; Xiaoman Yang, a Ph.D.
student with the South China Botanical Garden, the Chinese Academy of
Sciences, and a former visiting scholar at Brookhaven; and Xiuzhi Ran of
China's Chongqing University of Technology and a former visiting scholar at
Brookhaven Lab. Credit: Brookhaven National Laboratory

To identify which partners—which electron shuttle proteins—could
deliver electrons at each step, the scientists "tagged" each of the enzymes
with a different immunological "hook."

5/7



 

"We used the three enzymes in the pathway as bait," Liu said.

"The tags are markers to which antibodies bind, so you can use
antibodies to capture the tagged proteins," he explained. "Proteins
associated with each tagged protein come along for the ride. That way
we can see which proteins are interacting with each of the three distinct
enzymes."

In addition to identifying an electron carrier already known to play a role
in the lignin synthesis pathways, these "immunoprecipitation-mass
spectrometry" studies revealed that a set of previously unidentified
partners were also interacting with some of the enzymes.

To zero in on the role of these additional protein partners, the scientists
used biochemical genetics. They used strains of experimental
Arabidopsis plants that lacked the gene for each particular protein to see
what effect the missing genes would have on the total amount of lignin
and each type of subcomponent (H, G, and S).

They found that deleting the gene for one of these proteins only affects
the production of S lignin. They concluded that this "newly identified"
electron-shuttle protein must be associated with the last step in the three-
step process—the one that produces S lignin.

Additional biochemical studies confirmed the conclusion about the
exclusive role of this alternate electron shuttle protein in the production
of S lignin, and the rationale behind the strategy for targeting the shuttle
proteins.

"Plants use the sun's energy to convert carbon dioxide into sugars which
when broken down release energy that flows into carrier proteins," said
Liu. "Specific carrier proteins deliver this energy in the form of
electrons into different reactions to drive the whole metabolic process.
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By controlling the flow of electrons into those various pathways, we can
potentially control which products plants make, thereby controlling
carbon conversion and storage processes in plants."

  More information: "Cytochrome b5 is an Obligate Electron Shuttle
Protein for Syringyl Lignin Biosynthesis in Arabidopsis" Plant Cell
(2019). DOI: 10.1105/tpc.18.00778
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