Modification of Inhibitory Compounds Furfural and
Hydroxymethylfurfural by Manganese(III)
.

Lettie Morse1, Curtis Lajoie2, Michael Penner3
1. Department of Botany and Plant Pathology , Bioenergy 2. School of Chemical, Biological and Environmental Engineering 3. Department of Food Science and Technology
Oregon State University Corvallis, Oregon 97330

Introduction

Harsh chemicals are often used during the pretreatment and
saccharification phases of lignocellulose conversion. As severity
of the pretreatment increases, accessibility of cellulose also
increases. Unfortunately, the amount of inhibitory degradation
products also increases. Enzymes are employed as a
pretreatment alternative in many such processes, and are
therefore currently at the forefront of bioenergy research.2

Results and Discussion
The standard deviation of the mean of the triplicate samples was
determined for each assay and compiled into the graph below.
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The catalytic cycle of MnP involves the production of a chealated
organic acid: Mn(III). It is a strong oxidizer. In addition to the
degradation of lignin, MnP has also been shown to degrade a
variety of pollutants and inhibitory compounds.4 Degradation of
the inhibitory compounds furfural and hydorxymethylfurfural
(HMF) by MnP-generated Mn(III), however, has not been
specifically reported.

Furfural and HMF are furan derivatives
formed by dehydration reactions of pentose
and hexose, respectively.

Hypothesis: Manganese Peroxidase – generated Mn(III) in the
presence of specific organic acids is capable of modifying furfural
and HMF.

Experimental Design

P. chrysosporium SEM; Mag. .5x. Photograph by UC Reagents.

Phanaerochaete chrysosporium is a species of white rot fungus

that produces the ligninolytic enzyme manganese peroxidase
(MnP). This enzyme is thought to catalyze the breakdown of
lignin present in plant cell walls. The peroxidase that P.
chrysosporium produces may eventually be used in a variety of
industrial applications, including incorporation into the
pretreatment and saccharification processes for biomass
conversion.3
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Treatments:
• Control 1: Mn(III) in sodium
malonate (NaM) buffer (pH 4.5)
• Control 2: Furfural in NaM buffer
• Experimental: Mn(III) + Furfural
in NaM buffer

E: 300C (0,1,2,4x)
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Plant biomass holds a lot of potential as a feedstock for largescale bioenergy production in the form of fermentation-derived
fuels such as ethanol and butanol. The recalcitrant properties of
lignocellulosic biomass feedstocks, however, make the
conversion process inefficient and costly with today’s resources
and technology. The challenge of extracting fermentable sugars
from biomass and, subsequently, producing fuels, chemicals and
useful materials is primarily due to the complex macromolecular
structure of the plant cell wall.1

Hypothesis
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The initial hypothesis was supported; MnP-generated Mn(III)
can degrade furfural and HMF solutions for sugar fermentations.
Furfural and HMF were degraded by Mn(III), in the presence of
sodium malonate buffer, in a dose dependent manner. Mn(III)
degraded furfural to a greater extent than it degraded HMF, and
MnP- catalyzed degradation of inhibitory compounds is
dependent on the production of Mn(III) during the catalytic
cycle.
Since degradation of inhibitory compounds is dependent on the
production of the chealated organic acid Mn(III), use of enzyme
preparations, as opposed to whole cells producing MnP, may be
easier to employ in commercial biofuels production. Using
Mn(III) to degrade inhibitory compounds encountered in the
pretreatment and saccharification steps of biomass conversion
may lead to increasingly efficient processing of lignin-based
feedstocks, which would increase the overall efficiency and yield
of bio-based fuels, as well as other useful products derived from
sugar fermentation processes.

E: 370C (0,1,2,4x)

Experimental Variables:
• Temperature: 300C, 370C
• Molar concentration of Mn(III) relative to
furfural (or HMF) concentrations:
0, 1, 2, and 4x
Treatments with HMF replacing furfural
were also prepared.

Model based system experiments were set up in order to measure
and compare the reactivity of Mn(III) with the inhibitory
compounds furfural and HMF. Using UV/Visible spectroscopy and
HPLC, degradation of the inhibitors was measured.
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