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Lignin structure and function
Introduction to lignin

Lignin is a complex, high-molecular-weight oganic polymer found predominantly in the cell walls
of plants, contributing significantly to the rigidity and strength of plant tissues.It is one of the
most abundant biopolymers on earth , second only to cellulose.The term “lignin” is derived from
the Latin word “lignum”, meaning wood, reflecting its integral role in the formation and functions
of woody plants (Boerjan, Ralph and Baucher, 2003).

The primary functions of lignin is to provide structural support and rigidity to the plant cell walls,
allowing plants to grow upright and reach significant heights.Additionally, lignin plays a crucial
role in water transport within the plant by reinforcing the cell walls of xylem vessels, preventing
their collapse under the tension generated during transpiration.
Moreover, lignin contributes to the plants defense mechanism against pathogens and
environmental stresses by forming a physical barrier and interacting with other defense
compounds (Vanholme et al., 2010).
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Molecular Structure if Lignin
Lignin's structure is highly irregular and complex, composed of various phenylpropan-
oid units linked by different types of chemical bonds .The three primary monolignols that
constitute vignin are p-coumaryl alcohol,
coniferyl alcohol, and sinapyl alcohol.These monolignols polymerize through radical
coupling reactions, leading to a
heterogeneous network of phenylpropane units (Ralph et al., 2004).

The deversity in lignin structure arises from
the different types of linkages between these
monolignols,including B-O-4 ether bonds, B-5
carbon-carbon bonds, and B-B carbon-carbon
bonds.The most abundant linkage in lignin is the B-O-4 ether bond, which accounts for about
50-70% of the linkages in softwood lignin.The complexity of lignin's structure is further increased
by the presence of various functional groups, such as methoxy, hydroxyl and carbonyl groups,
which contribute to its reactivity and interaction with other cell wall components (Zhao, 2016).
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Functional Roles Of Lignin In Plants
Lignin plays several critical sales in plant
biology beyond providing structural support.
One of its primary functions is enhancing the
mechanical strength of the plant, enabling it to withstand various mechanical stresses such
as wind and gravity.This reinforcement is
essential for the development of vascular
plants, partcularly trees, whuch rely on lignin
to support their massive biomass (Boudet,
2000).

Another crucial function of lignin is its role in
the water-conducting system of plants.Lignin
deposition in the cell walls of xylem vessels
and tracheids creates a hydrophobic barrier,
facilitating efficient water transport from roots
to leaves.This structural adaptation prevents
the collapse of these water-conducting cells
under negative pressure generated during
transpiration (Sarkanen and Ludwig, 1971).

Additionally, lignin serves as a defense
mechanism against pathogens.Its complex
and recalcitrant nature makes it difficult for
pathogens to degrade, thereby protecting the
plant from microbial attacks.Lignin can also
interact with other defense related
compounds, such as phenolics and tannins,
enhancing the plant's overall resistance to
biotic stress (Miedes et al., 2014).
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Industrial and Environmental Implications of
Lignin.

Lignin's complex and resistant structure poses
challenges and opportunities in various
industrial and environmental contexts.In the
paper and pulp industry, lignin must be
removed from cellulose fibers to produce
high-quality paper.This delignification process
requires substantial energy and chemical
inputs contributing to the environmental
impact of paper production (Gellerstedt 2009).

Conversely, lignin is increasingly recognized
for its potential as a renewable resource for
producing biofuels, chemicals and materials.
Its aromatic structure makes it a valuable
feedstock for generating phenolic compounds,
which are precursors for various industrial
products.Advances in biotechnological
approaches aim to valorize lignin by
developing efficient methods for its
depolymerization and conversion into
valuable chemicals and materials (Rinaldi et
al., 2016).

In environmental contexts, lignin's
recalcitrance contributes to soil carbon
sequestration.As lignin-rich plant residues
decompose slowly, they enhance soil organic matter, contributing to soil fertility and carbon
storage.Understanding and manipulating
lignin's structure and degradation pathways
can have significant implications for
sustainable agriculture and climate chsnge
mitigation (Thevenot et al., 2010).

References
Boerjam, W., Ralph, J., and Baucher,M.2003).
Lignin biosynthesis.Annual Review of Plant
Biology,54, 519-546.

Boudet, A.M.(2000).Lignin and lignification:
Selected issues.Plant Physiology and
Biochemistry, 38(1-2), 81-96.



Gellerstedt, G.(2009).Chemistry of pulping.In
K.G. Ramawat and J.M. Merillon (Eds.),
Handbook of Natural Products.

Miedes,E., Vanholme, R., Boerjan, W., and
Molina, A.(2014).The role of the secondary
cell wall in plant resistance to pathogens.
Frontiers in Plant Science, 5, 358.

Ralph, J., Lundquist, K., Brunow, G., Lu, F.,
Kim, H., Schatz, P.F., …and Boerjan, W.
(2004).Lignins:Natural polymers from
oxidative coupling of 4-
hydroxyphenylpropanoids. Phytochemistry
Reviews, 3(1-2), 29-60.

Rinaldi, R., Jastrzebski, R., Clough, M.T.,
Ralph, J., Kennema, M., Bruijnincx, P.C.A.,
and Weckhuysen, B.M.(2016).Paving the way
for lignin valorisation:Recent advances in
bioengineering, biorefining and catalysis.
Angewandte Chemie International Edition, 55
(29), 8164-8215.

Sarkanen,K.V., and Ludwig,C.H.(Eds.).(1971).
Lignins:Occurrence, formation,structure and
reactions.New York:Wiley-Interscience.

Thevenot, M., Dignac, M.F., and Rumpel, C.
(2010).Fate of lignins in soils:A review.Soil
Biology and Biochemistry, 42(8), 1200-1211.

Vanholme, R., Demedts, B., Morreel, K.,
Ralph, J., and Boerjan, W.(2010).Lignin
biosynthesis and structure.Plant Physiology,
153(3), 895-905.

Zhao, Q.(2016).Lignification:Flexibility,
biosynthesis and regulation.Trends in Plant Science, 21(8), 713-721.

Page 4.




