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Abstract

Background: Degradation of cellulose to glucose requires the cooperative action of three classes of enzymes,
collectively known as cellulases. Endoglucanases randomly bind to cellulose surfaces and generate new chain ends
by hydrolyzing β-1,4-D-glycosidic bonds. Exoglucanases bind to free chain ends and hydrolyze glycosidic bonds in
a processive manner releasing cellobiose units. Then, β-glucosidases hydrolyze soluble cellobiose to glucose.
Optimal synergistic action of these enzymes is essential for efficient digestion of cellulose. Experiments show that as
hydrolysis proceeds and the cellulose substrate becomes more heterogeneous, the overall degradation slows down.
As catalysis occurs on the surface of crystalline cellulose, several factors affect the overall hydrolysis. Therefore,
spatial models of cellulose degradation must capture effects such as enzyme crowding and surface heterogeneity,
which have been shown to lead to a reduction in hydrolysis rates.

Results: We present a coarse-grained stochastic model for capturing the key events associated with the enzymatic
degradation of cellulose at the mesoscopic level. This functional model accounts for the mobility and action of a
single cellulase enzyme as well as the synergy of multiple endo- and exo-cellulases on a cellulose surface. The
quantitative description of cellulose degradation is calculated on a spatial model by including free and bound
states of both endo- and exo-cellulases with explicit reactive surface terms (e.g., hydrogen bond breaking, covalent
bond cleavages) and corresponding reaction rates. The dynamical evolution of the system is simulated by including
physical interactions between cellulases and cellulose.

Conclusions: Our coarse-grained model reproduces the qualitative behavior of endoglucanases and exoglucanases
by accounting for the spatial heterogeneity of the cellulose surface as well as other spatial factors such as enzyme
crowding. Importantly, it captures the endo-exo synergism of cellulase enzyme cocktails. This model constitutes a
critical step towards testing hypotheses and understanding approaches for maximizing synergy and substrate
properties with a goal of cost effective enzymatic hydrolysis.
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Background
Biofuel production from lignocellulosic materials is con-
sidered to be a promising option to substantially reduce
the dependence on petroleum [1-3]. The conversion
of lignocellulosic biomass (agronomic residues, paper
wastes, energy crops) into ethanol consists of the extrac-
tion and pretreatment of cellulose from the biomass,
hydrolysis (the enzymatic breakdown of crystalline cel-
lulose fibers into monomer glucose) and finally the

fermentation of glucose to ethanol. Current approaches
mainly differ from one another in the method of pre-
treatment. Cost-competitive production of ethanol is
currently prevented by the low efficiency of converting
cellulose into glucose [4]. Greater efficiency may be
achievable through improvements in hydrolysis.
Enzymatic hydrolysis of cellulose is a complex reac-

tion. In the classical model, the heterogeneous catalytic
cleavage of the glycosidic bond takes place on a crystal-
line cellulose surface and requires the cooperative action
of three classes of aqueous enzymes, collectively known
as cellulases. These are (i) endoglucanases, (ii) exogluca-
nases or cellobiohydrolases and (iii) β-glucosidases.
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