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Analytical Tool: On-line, slip stream
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Lignocellulosic Biomass
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Analytical Methods for Studying Biomass - NMR
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e Can analyze whole biomass, fractions and components
(sugars, metabolites, lignin, etc.)

* Liguid/gel and solid state
e Various nuclei (1H, 13C, 1°N, etc.)
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Analytical Methods — Pyrolysis-Molecular Beam

Mass Spectrometry

Importance of
experimental design to

Anatomical fractions: understand data

leaves, stems, roots

Hemicellulose

Bioenergy Plant  Plant Pyrolysis  Lignin Mass
Crop Cells Cell Wall Unit Content Spectrometer
]
|
py-MBMS spectrum

Sugar-
derived Spectra capture information
L2 related to:
Lignin
SIG: 1.6 Sugars
Lignin Content: 26% Metabolites
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m/z
Sykes, R.W., Gjersing, E.L., Doeppke, C.L., Davis, M.F. (2015). High-Throughput Method for Determining the Sugar Content in Biomass with Pyrolysis Molecular Beam Mass
Spectrometry. BioEnergy Research. 8:964-972. Figure by Al Hicks with photo from Udaya Kalluri
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High-throughput Analyses: Py-MBMS for Populus

Wood Compositional Heritability

o Block 1 PCA Scores (Before Corrections)
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genes (genome-wide association studies) and determine % 0015 , 0,040 RpoL. - oo

heritability of genotypes * Tt T
 We need to understand and account for genotype x S .

environment (GxE) interactions at various scales, understand PC-1 (46%)
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Harman-Ware, A.E., Macaya-Sanz, D., Abeyratne, C.R. et al. . Biotechnol Biofuels 14, 59 (2021). https://doi.org/10.1186/s13068-021-01908-y
Harman-Ware AE, Happs RM, Macaya-Sanz D, Doeppke C, Muchero W and DiFazio SP (2022) Front. Plant Sci. 13:757810. doi: 10.3389/fpls.2022.757810 PC-1 (41%)
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Py-MBMS for Other Applications

Analysis of roots and leaves in

Populus

— ldentify source of variance

in composition

— Aromatic metabolites,
lipophilic polymers
(suberin, cutin, etc.) for
insights on resilience in

response to biotic/abiotic

stress
— GWAS on ion features

Kalluri, U.C., Harman-Ware, A.E., et al. Variation in root chemistry offers potential for optimizing
above-below-ground plant systems submitted to Nature Plants

Harman-Ware, A.E., et al. Rapid screening of secondary aromatic metabolites in Populus trichocarpa leaves
D0i:10.21203/rs.3.rs-96304/v1
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NMR for Moderate Throughput Sugar Composition

Analyses — Contribution to TEA
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sSNMR for Secondary Cell Wall Architecture

Bennett.Addison@nrel.gov
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Solid-State NMR on 3C-Enriched
biomass has greatly improved our

fundamental understanding of plant

cell wall architecture.

Biochemistry 54, no. 14 (2015): 233545

Nature Communications 7, no. 1 (2016): 13902.

Nature Plants 3, no. 11 (2017): 859-65.

Nature Communications 10, no. 1 (2019): 4978.

Nature Communications 10, no. 1 (2019): 347.
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Secondary Cell Wall Architecture - Models
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Secondary Cell Wall Architecture - Models

~80% of all lignin and ~40% of all cellulose is
within ~1 nm of acetylated xylan
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Lignin and xylan are nano-heterogeneously
mixed such that large isolated lignin E
globules (>1-2 nm) are minimal .E"
xylan is “in the middle” between cellulose and
lignin, and primarily adopts a linearized 2-fold
conformation so that acetyl decorations face lignin )
Some xylan is
. . i trapped, inaccessible
Experimental: Bennett Addison, L. Ware, R. Happs, C. Doeppke, Y. Bomble . .
to lignin NREL | 15
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Future Directions
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o In_fiEId analyses Photrit: Udaya Kaluri
e Sustainable aviation fuels

* More models

Harman-Ware, A.E., Sparks, S., Addison, B. et al. Importance of suberin biopolymer in plant function, contributions to soil organic carbon and in the production of bio-derived energy
and materials. Biotechnol Biofuels 14, 75 (2021). https://doi.org/10.1186/s13068-021-01892-3
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