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Lignin Introduction

Lignin is an aromatic /
heteropolymer that makes up -
between 15-40% of the dry < 2SSV eR - X
weight of terrestrial plants L
Largest source of renewable Y L e
aromatics Xy "He T O 4,
Many potential industrial uses o B O A
Implicated as a significant Ry oasvelideatrsag
driver of cell wall recalcitrance Sl o - A TEERA



Lighocellulose Simulation




Lignin Binds to Cellulose...
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Lignin covers roughly a
qguarter of the cellulose
surface

Does it coat the surface
evenly?

Does lignin chemistry
matter?



... Particularly Hydrophobic Cellulose Faces
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Fibril Position (A)

Ar Ag AL Ag[Ar AL/Ar
(10°A%)  (10°A?) (104 A?)
CH 6.51 0.18 3.02 0.03 0.46
6.74 0.15 1.33 0.02 0.20
CL 6.51 0.23 2.11 0.04 0.32
6.74 0.24 0.97 0.04 0.14
NonC 6.57 0.30 1.16 0.05 0.18
7.76 0.36 .17 0.05 015

e Prefers hydrophobic faces
* Blocks cellulase binding

« Can we quantify the thermodynamic
preference between faces?
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The Many Faces of Cellulose

Only the 200 face is
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The Next Experiment

e 200 > 110 3
Construct “infinite” sheets of

cellulose with different faces
exposed to solution

Place lignin derived compounds 2 o

in solution 110 010

Simulate for 200 ns
Determine binding free energies R R
of compounds to individual faces s S i




What Compounds?
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Potential Binding Metrics for Free Energy Determination

2
I bound

Pu nbound ’

* Free energy is related to
probability

A("hiudin_q = —RT In

* Trajectories can be used to
determine relative
probabilities

e How do we define a bound
vs unbound state?




Distance and Contact Metrics, Compared
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Cellulose Binding for Monomers

Hydrophobic 200 face
predominant for binding

Ferulate prefers solution

* Fits well with its
physiological role

110 face better for
binding than the other
hydrophilic faces
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Maolecule Celbalcse Face Binding Energy (kT)
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Cellulose Face-Dependent Binding Relationships
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How Does Binding Scale with Polymer Size?

e Monomers and dimers are not
perfect models for real lignin

 Draw from established lignin
polymer libraries

 Determine lignin binding
affinity




Unbiased Lignin Contacts to Cellulose

0.7 kDa lignin polymer
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Technical Challenges

* Binding is spontaneous and
irreversible on typical MD
timescales for larger lignin

e Use replica exchange umbrella
sampling on a contact-number
reaction coordinate to estimate
binding free energy
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Surface Area Comparison
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Free Encrgy (keal/mol)
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Size Dependence of Lignin-Cellulose Interactions
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e Binding strength quantification can inform lignin modification

* Lignin related compounds prefer to bind to hydrophobic cellulose
faces by about a factor of 2

 May be related to the “flatness” of the 200 face, which fits
well with planar aromatic rings, creating more nonspecific
interaction sites

e Lignin contact number/contact area is more important than
polymer size in determining binding strength

* Lignin agglomeration is not considered, but would likely
additively increase binding strength

20
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