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Background/Objective

e Lignin valorization is a vital aspect of biomass conversion.
e Prior work has shown Fenton chemistry to be very effective at cleaving the C-C bonds
present in lignin.

Approach

e Poplar lignin isolated from a cholinium lysinate ionic liquid pretreatment was sulfonated
and then treated with a Fenton reaction.

e Explored the tradeoff between the extent of deconstruction and the amount of carbon lost
Resul@s CO2.

e The post-Fenton depolyermization products are rich in acid, aldehyde, alcohol, and
sulfonate functionalities.

e Five microorganisms were tested for growth using the lignin breakdown products as the
sole carbon source and showed robust growth.

Significance/Impacts

e Fenton chemistry efficiently depolymerizes lignin into bioavailable intermediates.
e Industrial application of this process may also require removing and recycling iron from
the product stream.

Martinez D.V., et. al. RSC Sustainability. doi: 10.1039/D5SU00039D (JBEI #1215)
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Deconstructing poplar lignin from ionic liquid pretreatment for
biological conversion through sulfonation and Fenton chemistry

Figure: Growth of five microorganisms on medium containing
depolymerized lignin, sugars, or no additional substrate. (a) lignin
from case III at a concentration of 43 g L—1; (b) a mixture of
glucose and fructose (2 g L—1 each).
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JBEI A polyketide-based biosynthetic platform for diols,

amino alcohols and hydroxy acids
Background/Objective

e Background: Medium-/branched-chain diols are valuable industrial chemicals, challenging to biosynthetically produce.

e Objective: This study aimed to develop a modular polyketide synthase (PKS)-based biosynthetic platform to efficiently produce diols,
amino alcohols, and hydroxy acids.

Approach

e Engineering PKSs with thioreductases (TRs) for aldehyde termination and conversion to diols and other chemicals;

e Replacing malonyl-CoA-specific acyltransferases with branched-chain-specific acyltransferases to enable production of branched-chain
derivatives.

Results
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e The engineered PKS platform enabled microbial production of nine 1,3-diols,

including the insect repellent 2-ethyl-1,3-hexanediol;
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e This PKS-TR-based platform offers a versatile and tunable approach for Ru-CHIGHOH,  Rec oHoom, NaDPH )
biosynthetic production of valuable specialty chemicals; R2‘<,
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e The work expands the PKS engineering toolkit, demonstrating its potential for Fi

scalable biomanufacturing.

Figure: Schematic representation of the rimocidin PKS-TR platform in
) Streptomyces albus.
Dan Q., et. al. Nat Catal. doi: 10.1038/s41929-025-01299-5 (JBEI #1216)
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JBEI Microbial Pathways for Cost-Effective
Low-Carbon Renewable Indigoidine
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Figure: Minimum selling price of indigoidine with different host microbes
Baral N, et. al. ACS Sustainable Chemistry & Engineering. doi: 10.1021/acssuschemeng.4c09962 (JBEI #1217) utilizing only sugars, and sugars and aromatics
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JBEI CRISPRIi-ART enables functional genomics of diverse
bacteriophages using RNA-binding dCas13

Background/Objective

e Phages are predominantly composed of genes of unknown function, & Im//I/,,//
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e Provides blueprint for engineering non-model phages as DNA delivery
vehicles for targeted microbiome editing.

Figure: Programmable translation inhibition facilitates genome-scale phage functional genomics.
Adler B.A., et. al. Nature Microbiology. doi: 10.1038/s41564-025-01935-7 (JBEI #1218)
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JBEI Elucidating the Role of Water on Limonene Oxidation
with H202 over y-A1203 SE §

Background/Objective & ety aohl -
e Limonene target biological compound opening access to many value-added molecules. ? § §
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e Reaction known but role of water unknown. g
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e [Extensive experimental kinetic analysis to explore how water impacts the reaction. Figure |: Reaction network from limonene to oxidized
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e Unlike previous speculation in the literature, water was found to directly play a role inhibiting
the oxidation reaction network by consuming active sites on the catalyst.

dihydroxylation

Significance/Impacts

Al-O-OH formation / equilibrium

e An alternative oxidant to H202 will need to be found to enhance activity and selectivity for the
reaction of limonene to limonene oxide. Figure 2: Interactions among water and critical components

in limonene epoxidation.

Lin, H.-H., et. al. Chemical & Biological Engineering. doi: 10.1021/cbe.4c00151 (JBEI #1219)

U.S. DEPARTMENT

f ENERGY | Office of Science Biological and Environmental Research



JBEI Identification of Sabatier Descriptors for Hydrodeoxygenation Activity
and Selectivity on Supported Molybdenum Oxide Catalysts

Background/Objective
12 ‘ Acetone . \Io( .
e Deriving value from the lignin portion of biomass. o | e == P
. . . . . o . - MoTi [ HOo Support Support
e MoO3 has been found to be effective for the HDO of lignin derivatives giving 2, | ' %% 3) 1 %z' R
. = MoNb i
aromatics, alkenes and alkanes. £ i o 3
: s : : : . E ] O-H Formation 0 Desorption '%_oiﬂ,‘e ,o.{f %‘o‘.ﬂn{’ -
e Exploring if supporting the MoO3 phase could increase activity and alkene M Realll o g% ik
Selectlvlty. ) m ¢ J Water Formation O-H Formatio%
2 A ~ g
b Mo=0 Bond Strength “~. ?’Ho ) . 0‘?{‘04
A roach 0 r r r r + r T TOS'M%‘ i Cle‘;‘zge - dM‘Z ’
pp 975 980 985 990 995 10001005 1010 1015 tg___;

Terminal Mo=0 Raman Band (¢cm™)
e Synthesized, characterized and tested MoO3 supported on a range of metal oxides. _ . . o
Figure 1: Observed Sabatier relationship between the site time yield (h™) of
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e Activity and selectivity could not be simultaneously optimized, so further Point of Zero Charge of Support

work is needed with mixed metal oxide supports.

Figure 2: Apparent Sabatier volcano relationship between alkane selectivity

] ) during acetone HDO and the point of zero charge.
Kohler, A.J., et. al. ACS Catalysis. doi: 10.1021/acscatal.4c07504 (JBEI #1220)
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