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Biological and Technical Importance of
Wood Heteropolysaccharides

Cell wall integrity, connectivity with Increase the material efficiency of
cellulose/lignin, regulatory functions lignocellulose biorefineries
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Hemicelluloses
42 xylose %1 glucose &glucuronic acid vacetyl * methyl

EA Rennie, H Vibe Scheller. Current Opinion in Biotechnology (2014), 26:100—107 Hemicelluloses: substrate for

Petersen PD, et al. Biotechnol Biofuels 2012, 5:84. .
M. Busse-Wicher et. Al. Biochem. Soc. Trans. (2016) 44, 74-78 advanced materials
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Wood Hemicelluloses:
Structural Definition and Heterogeneity
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Teleman et. al., Carb. Res. (2003) 338, 525-534

Lundqvist et. al., Carb. Polym (2002) 48 29-39; Willfor et. al., Carb. Polym. (2003) 52, 175-187 ...
Teleman et. al., Carb. Res. (2000) 329 807; Shatalov et. al. Carb. Res. (1999), 320, 93 ...
Escalante et. al. Carb. Polym. (2012) 87, 2381-2387; McKee et. al. Biotechn. Biofuels (2016) 9:2
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Function of the Intramolecular Pattern
in Hemicelluloses

Functions of hemicellulose
intramolecular pattern

Cellulose

» Modulates macromolecular flexibility
and conformation

Glucomannan

Lignin

» Modulates local hydration, ionic
strength and pH

Xylan
 Tailors interactions with wood

components (cellulose and lignin)
* Prevents enzymatic degradation

Cellulose o

of cell walls
WALLENBERE WO oo S Influer)c.:es macros.copic properties
SCIENCE CENTER (solubility, mechanical, rheology)
Picture courtesy of Prof. G. Henriksson (KTH)
WWSCE

CHALMERS

WALLENBERG WOOD
SCIENCE CENTER



Increased molecular understanding of
structure-function-properties

Plant molecular biology Advanced molecular characterization
(NMR/MS-based glycomics)
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In silico molecular simulations
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Grantham et al. Nature Plants (2017), 3, 869-865
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Platform for plant polysaccharide

analysis

Constituent

sugars
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Morphology (aggregation,
crystallinity...)

Macroscopic properties
(mechanical, rheological)

Mass spectrometry (GC-MS, ESI, MALDI)

Liquid Chromatography (HPAEC, HPLC, SEC)
Spectroscopy and Scattering (NMR, IR, MALLS, DLS, X-ray)
Thermo-Mechanical and Imaging

(EM, AFM, tensile testing, DMA, rheometry)
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Modified from F. Vilaplana, RG Gilbert. Characterization of branched
polysaccharides using multiple -detection size separation techniques.
Journal of Separation Science (2010), 33 (22), 3537-3554
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Deciphering the 'Glycome’ of
Plant Cell Walls
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J Liu, V Kisonen, S Willfér, C Xu, F Vilaplana. J Chrom A (2016) 1463, 110-120

A. Martinez-Abad, J. Berglund, G. Toriz, P. Gatenholm, G. Henriksson, M. Lindstrom, J. Wohlert, F. Vilaplana.
Plant Physiology (2017) 175(4):1579-1592.

J Liu, AS. Leppannen, V Kisonen, S Willfér, C Xu, F Vilaplana. Int J Biol Macromol (2018) 112, 616-625

A. Martinez-Abad, N. Giummarella, M. Lawoko, F. Vilaplana. Green Chemistry (2018) 20, 2534-2546
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Scientific Questions

Heterogeneity of hemicellulose molecular structure:
presence of regular motifs (not random)

Conformation of plant heteropolysaccharides in diluted (9 ),
and in arrested states (e.g. in the wood fibre)

Water - polysaccharide interactions: solubility, aggregation

Interactions with cellulose and lignin: cell wall
architecture and recalcitrance

Molecular heterogeneity limits the use of

hemicelluloses in advanced material applications:
* Need for improved extraction and purification processes
« Controlled modification/polymerization
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Hemicelluloses in the WWSC
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Impact of glycosidic linkage type on
hemicellulose flexibility.

Molecular Dynamics (MD) simulations Xylan Glucan Mannan
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J Berglund, T Angles, F Vilaplana, G Widmalm, M Bergenstrahle -Wohlert, M Lawoko, G Henriksson, M Conformation of
Lindstrom J Wohlert. A molecular dynamics study of the effect of glycosidic linkage type in the .
hemicellulose backbone on the molecular chain flexibility. The Plant Journal (2016) 88 (1), 56-70 hemicelluloses
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Regular Decoration Motifs in Spruce Xylan
Modulate Adsorption onto Cellulose Surfaces

XynC GH30 glucuronoxylanase INUUSTRIPR[SS EE
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KTH-forskama Jennie Berglund, Francsco Viaplana och Jakob Wohlert har detaljstuderat tra.

Presence of regular intramolecular motifs in
spruce xylan:

XemU2 XsmU2
aHLaHSi* iu*—i?i* Major domain with even spacing of substitutions

(Araf and mGIcA)

X7mU2
H—H—igi* *—igig* X4mU . N : .
amez Minor domain with consecutive glucuronation

Clustered uronic spacing

A. Martinez-Abad, J. Berglund, G. Toriz, P. Gatenholm, G. Henriksson, M.
w W S C Lindstrém, J. Wohlert, F. Vilaplana. Regular Glycosidic Motifs in Xylan
waLLeneers wooo Modulate the Molecular Flexibility and the Interactions with Cellulose.
SBIENGE BENTER Plant Physiology (2017) 175(4):1579-1592
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Regular Decoration Motifs in Spruce Xylan
Modulate Adsorption onto Cellulose Surfaces

3,-fold flexible helical conformation Hydmph"'c Hydrophobic

in solution (1 -1 0)

2,-fold planar screw adsorbed onto , Wy

cellulose surfaces KT K K J -

Ara and mGlIcA decorations in xylan favour
interactions with cellulose surfaces.

Adsorption of xylan is enhanced on the ‘hydrophobic’

Figures prepared by Jennie Berglund and surfaces: importance of ‘non-polar’ interactions

Jakob Wohlert.

A. Martinez-Abad, J. Berglund, G. Toriz, P. Gatenholm, G. Henriksson, M.
W W S E Lindstrém, J. Wohlert, F. Vilaplana. Regular Glycosidic Motifs in Xylan
waLLeneers wooo Modulate the Molecular Flexibility and the Interactions with Cellulose.
SBIENGE BENTER Plant Physiology (2017) 175(4):1579-1592
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Regular Decoration Motifs in Spruce Xylan
Modulate Adsorption onto Cellulose Surfaces

A «puinds
s » Effect of the geometry of the cellulose microfibril
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A. Martinez-Abad, J. Berglund, G. Toriz, P. Gatenholm, G. Henriksson,
W W S B M. Lindstrom, J. Wohlert, F. Vilaplana. Regular Glycosidic Motifs in Xylan
waLLensers wooo Modulate the Molecular Flexibility and the Interactions with Cellulose.
SBIENGE BENTER Plant Physiology (2017) 175(4):1579-1592
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Sequential Extraction of Hemicelluloses from
Birch Wood with Subcritical Water

Birch Chips
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A. Martinez-Abad, N. Giummarella, M. Lawoko, F. Vilaplana.
Differences in extractability under subcritical water reveal
interconnected hemicellulose and lignin recalcitrance in birchwoods.
Green Chemistry (2018) 20, 2534-2546

CHALMERS




Interconnected Hemicellulose and Lignin Recalcitrance

in Birch Hardwoods
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glucuronation patterns in birch xylan.

MeO

B-B Resinol Structure

Spirodlenone p-O-4
Recalcitrance

Recalcitrance is correlated with lower
acetylation and tighter glucuronation:
connectivity with lignins through LCCs.

W W S B A. Martinez-Abad, N. Giummarella, M. Lawoko, F. Vilaplana.
Differences in extractability under subcritical water reveal
waLLeENnEERG WooOD jnterconnected hemicellulose and lignin recalcitrance in birchwoods.
SEIENEE EENTER  Green Chemistry (2018) 20, 2534-2546
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Enzymatic toolbox for hemicellulose
modification and deconstruction
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Substrate concentration (mg mi-')

A GH115 a-glucuronidase from Schizophyllum commune contributes to
the synergistic enzymatic deconstruction of softwood xylan. LS McKee,
H Sunner, GE Anasontzis, G Toriz, P Gatenholm, V Bulone, F Vilaplana
L Olsson. Biotechnology for Biofuels, (2016), 9.
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Effect of acetylation on hemicellulose
properties

Chemical acetylation hinders

Acetylation inhibits microbial mannanase activity
degradability of mannans

1.4

— 1.2 1 T
Natural and 2 .
chemically ‘g 08 3 z
acetylated 206 - - 3

=
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é 0.2 et *

[

o O T T T

0 5 10 15 20 25

Mannanase

activity Time (h)

Non Acetylated Highly
KGM Acetylated KGM

Backbone
flexibility
conformation

Interactions Acetyl
esterase

activity

with wood
polymers

Figures prepared by Jennie, Berglund, Jenny Regioselectivity
Armnling Baath, Lauren McKee and Sylvia Klaubauf of acetyl esterases

J Arnling Baath, A Martinez-Abad, J Berglund, J Larsbrink, F Vilaplana,
W W 55 [ Loisson. Biotechnology for Biofuels (2018), 11 (1), 114.

WALLEnBEre wooo RoBi,JBerglund, F. Vilaplana, L.S. McKee, G. Henriksson. Polymer
science cenTeErR  Degradation and Stability (2016) 133, 36-46
S Klaubauf, LS McKee, F Ibatullin, L Olsson, F Vilaplana. In preparation
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Galactoglucomannan Structure Impacts
Degradation under Alkaline Conditions

Mechanisms for Monitoring structural changes
alkaline hydrolysis (molar mass/monosaccharide content)
o o, OH 450
Feig L o ] +GM 0.8
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chain cleavage

Combined hydrolysis and peeling
mechanisms in alkaline degradation.
Stabilizing effect of Gal substitutions:

[1 H
=187° , 10, =286° sandwich’ structure

Figures prepared by Jennie Berglund

W W S B J Berglund, S Azhar, M Lawoko, M Lindstrém, F Vilaplana, J Wohlert,
G Henriksson. The Structure of Galactoglucomannan Impacts the
waLLeneErE woop  Degradation under Alkaline Conditions. Cellulose (2018),
SEIENEE EENTER  hitps://doi.org/10.1007/s10570-018-1737-z
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(In)Solubility of Hemicelluloses

Figures prepared by Saina Kishani

Hemicellulose concentration

301 20 g/L h
S 251 0.5¢g/L
e | 5 g/L o
Ré 20 Investigation of hemicellulose molecular (in)solubility
3 154 using advanced scattering and microscopic techniques.
10+ Transient molecular solubility is observed at low
5. concentrations, whereas increased concentration results in
5 ] } ’\L' phase separation and association into fractal aggregates.
0.1 ! 1001000 Water is a poor solvent for hemicelluloses
Slze(dAnm)
W W 5 B S. Kishani, F. Vilaplana, W. Xu, C. Xu, L. Wagberg. Solubility of
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Softwood Hemicelluloses. Biomacromolecules (2018) 19, 4, 1245-1255.
warLenesers wooo G, Kishani, G. Toriz, F. Vilaplana, P. Gatenholm, L. Wagberg. Solubility of
spruce Xylan (Arabino Glucuronoxylan). In preparation
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Outlook: Future Challenges

Molecular structure and conformation in planta:

» Use of model biological systems (plant cell cultures, designer
hemicelluloses through plant molecular biology ...)

» Integration of advanced molecular characterization, in silico
modelling and in situ visualization

Hemicellulose hydration and aggregation in diluted/
woods . semi-diluted systems

Overcoming the heterogeneity challenge for

advanced material applications:

« Hemicelluloses with high purity and controlled molecular
structures

« Chemo-enzymatic toolbox for targetted modification/
polymerization

* Hemicelluloses as molecular anchors for cellulose surface
and wood fibre modifications.

Cereal
straw

Cellulose
microfibrils
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