
 

New enzyme breaks down waste for less
expensive biofuels, bioproducts
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Researchers discovered the enzyme, named LsdE, in the bacterium
Novosphingobium aromaticivorans, pictured, a microbe of interest in lignin
valorization. Credit: Delyana Vasileva and Andy Sproles, ORNL/U.S. Dept. of
Energy; John Dunlap, University of Tennessee

In a step toward increasing the cost-effectiveness of renewable biofuels
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and bioproducts, scientists at Oak Ridge National Laboratory discovered
a microbial enzyme that degrades tough-to-break bonds in lignin, a waste
product of biorefineries.

When inserted into a bioengineered bacterium, the enzyme helps
efficiently convert lignin compounds into a common component of
plastics, opening a pathway to transform waste into a commercially
valuable biochemical.

"Lignin is a really complicated polymer," said Josh Michener, who led
ORNL's research as detailed in Metabolic Engineering. The polymer,
which contributes to the structural rigidity of plants, consists of useful
monomer units held together by weak and strong bonds. With lignin
comprising 20% to 30% of plant biomass by weight, breaking the
polymer's strong bonds and converting the chemicals they link together
into value-added products is necessary to make the production of plant-
based biofuels and products economically viable.

Diverse communities of bacteria and fungi perform these processes in
nature, but maintaining a mix of so many different microbes in one
bioreactor can be tricky. To solve this problem, ORNL scientists in the
Center for Bioenergy Innovation, or CBI, want to identify the enzymes
that microbes use to degrade specific bonds in lignin and engineer the
genes that code for those enzymes into a single organism.

Working toward this goal, ORNL researchers targeted a particularly
stubborn bond linking two carbon molecules in a lignin dimer—a unit of
two joined monomers—called 1,2-diguaiacylpropane-1,3-diol, or
DGPD.

The team used the bacterium Novosphingobium aromaticivorans, a
microbe of interest in lignin valorization. After identifying and
cultivating a mutant N. aromaticivorans strain that efficiently degraded
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the desired linkage in DGPD, the researchers used bacterial genetics and
gene disruption techniques to find which enzyme was responsible.

To their surprise, the enzyme they identified—which they named
LsdE—had been labeled as a hypothetical protein, meaning its function
was unknown.

"No one had seen this kind of chemistry before," Michener said. "There
weren't any examples in the literature of a single enzyme that could do
this particular transformation."

The discovery was made possible by the ORNL team's genome-scale
approach. Biology techniques frequently rely on homology, a method of
examining enzymes that appear similar to those with known functions.
However, Michener noted, "When we're looking for a hypothetical
protein that's never been described, we can't find it by homology."

Instead, the team used genetic techniques that allowed them to find leads
by looking broadly across the N. aromaticivorans genome. They then
constructed a set of mutant microbes, each with a single gene disrupted.
Collectively, every nonessential gene was disrupted in at least one of
these mutants.

If the mutant microbe lost its ability to break down the DGPD dimer
when a certain gene was removed, the researchers could determine that
the enzyme encoded by that gene was responsible for the degradation,
without needing to know its function beforehand.

"In this case, there was no reason we'd ever look at LsdE and say
obviously this enzyme does that reaction," Michener said. "That was one
of the most exciting parts—and the fact that we have methods in place to
make those kinds of discoveries."
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In a different microbe, new possibilities

After identifying LsdE, the ORNL team tested to see if they could
further validate its function. Their test confirmed the role of LsdE and
revealed that a better-known enzyme, LsdA, played a complementary
role in further breaking down DGPD into useful compounds.

At the National Renewable Energy Laboratory, a project partner in CBI,
scientists inserted both enzymes into a strain of the bacterium
Pseudomonas putida that had already been engineered to produce
muconic acid, a value-added precursor for plastics. They found that
adding the enzymes enabled P. putida to convert DGPD into muconic
acid at a nearly 100% yield.

"With many products, you're losing carbon along the way," said Allison
Werner, a postdoctoral researcher at NREL and co-author on the study.
"But in this case, we have a very efficient pathway."

"To the best of our analytical capabilities, every molecule of the dimer
that we started with was converted into two molecules of the product,
which is pretty phenomenal," Michener said.

This work is part of a larger effort to convert lignin into value-added
products. Future research will aim to discover new enzymes that break
down other tough linkages and to better understand the chemical
structure of LsdE.

  More information: Gerald N. Presley et al, Pathway discovery and
engineering for cleavage of a β-1 lignin-derived biaryl compound, 
Metabolic Engineering (2021). DOI: 10.1016/j.ymben.2021.02.003

4/5

http://dx.doi.org/10.1016/j.ymben.2021.02.003


 

Provided by Oak Ridge National Laboratory

Citation: New enzyme breaks down waste for less expensive biofuels, bioproducts (2021, June
30) retrieved 18 April 2024 from https://phys.org/news/2021-06-enzyme-expensive-biofuels-
bioproducts.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

https://phys.org/news/2021-06-enzyme-expensive-biofuels-bioproducts.html
https://phys.org/news/2021-06-enzyme-expensive-biofuels-bioproducts.html
http://www.tcpdf.org

