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Lignin, a plant cell wall component, is a phenylalanine-based monolignol polymer
synthesized by the phenylpropanoid pathway. Lignin’s crosslinking of cellulose
hampers cellulosic biofuel production.

The first step of the phenylpropanoid metabolism in plants is the deamination of L-
phenylalanine, which is catalyzed by phenylalanine ammonia lyase (PAL). This reaction
results in the formation of cinnamic acid that is subsequently hydroxylated at the 4-
position giving rise to p-coumaric acid (Fig. 2). This hydroxylation is catalyzed by
cinnamate 4-hydroxylase (C4H), and cytochrome p450 reductase (CPR) (Fig. 3) is
needed to donate electron to complete the reaction.

Fig. 1: Plant stem component and general lignin synthesis 

Fig. 2: Monolignol pathway
Fig. 3: Structure of C4H (above)
and cytochrome P450 reductase)

Fig. 4: Proposed
peroxidase catalytic
cycle. Peroxidase
catalyze the oxidation
of monolignols,
generate radicals, and
ultimately lead to the
formation of lignin.
Our crystal structure
suggests that the
catalytic center of
PviPRX9 possessed a
penta-coordinated
Fe(III) ligated to the
four nitrogens of the
porphyrin and the
proximal His, with a
noncoordinating water
molecule positioned
distal to the porphyrin
Fe(III) center.

EDTA, a persistent environmental pollutant, can be degraded by Mesorhizobium BCN1.
The epp-emo pathway is encoded in a single open reading frame (Fig. 6), which
encodes the proteins required for EDTA uptake and degradation. Then it is first by
oxidizing EDTA to EDDA using an FMNH2-dependent EDTA monooxygenase (EmoA),
followed by oxidation of EDDA to ethylenediamine and glyoxylate using the enzyme
iminodiacetate oxidase (IdaA). Our goal is to design more efficient enzymes and/or
enzymes that can degrade a wider range of substrates related to EDTA.

Fig. 6: Open-reading frame for the emo-epp EDTA degradation pathway.
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EDTA is taken through the periplasmic space by the ABC transporter system, which is
named after the ATP-binding cassette permease protein with which the periplasmic
binding protein interacts (Fig. 7). This system is comprised of EppB, C, and D
(heterodimer) (Fig. 8).
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Fig. 9: EppA crystallized in the space group P43212 and diffracted to 1.4156 Å (A). From
the model obtained, we can see that EppA is a Cluster C Class II periplasmic binding
protein. Cluster C is distinct from the other periplasmic binding proteins in that it has
three domains. The ligand-binding cleft is located between Domain I (cyan) and
Domain III (khaki). Domains IIa and IIb are blue and red, respectively, and the hinge
connecting them to Domain III are yellow and green. The topology (B) shows that
Domain III’s core β sheet has a configuration of β2β1β3βnβ4, which classifies EppA as
belonging to Class II.
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Fig. 7: ABC transport. Fig. 8: EppBCD2 – A homology
model.
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We explore protein structure-function relationships using biophysical/biochemical
techniques such as X-ray crystallography, isothermal titration calorimetry,
mutagenesis assays, molecular modeling, and static/dynamic light scattering. This
information is used in areas ranging from structure-based drug design to
bioengineering. Our interests include environmental pollutant bioremediation,
lignin biosynthesis, and proteins involved in human physiology and disease.

Polychlorophenols are persistent environmental pollutants formerly used as biocides.
Polychlorophenol-degrading bacteria have been found, and we study their unique
metabolic pathways to engineer better enzymes for polychlorophenol bioremediation.

Fig. 5: (A) Pentachlorophenol degradation pathway of S. chlorophenolicum ATCC
39723. (B) PcpR is a LysR-type transcriptional regulator of the pentachlorophenol
(PCP) degradation pathway. (C) It binds s its native inducer, PCP D) Ribbon diagram
representing the crystal structures of EcYqjG and PcpF with the N-terminal
extension unique to GS-HQRs colored in yellow.
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