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A B S T R A C T

Many cellulose degrading and modifying enzymes have distinct parts called carbohydrate binding modules
(CBMs). The CBMs have been shown to increase the concentration of enzymes on the insoluble substrate and
thereby enhance catalytic activity. It has been suggested that CBMs also have a role in disrupting or dispersing
the insoluble cellulose substrate, but dispute remains and explicit evidence of such a mechanism is lacking. We
produced the isolated CBMs from two major cellulases (Cel6A and Cel7A) from Trichoderma reesei as re-
combinant proteins in Escherichia coli. We then studied the viscoelastic properties of native unmodified cellulose
nanofibrils (CNF) in combination with the highly purified CBMs to detect possible functional effects of the CBMs
on the CNF. The two CBMs showed clearly different effects on the viscoelastic properties of CNF. The difference
in effects is noteworthy, yet it was not possible to conclude for example disruptive effects. We discuss here the
alternative explanations for viscoelastic effects on CNF caused by CBMs, including the effect of ionic cosolutes.

1. Introduction

Many lignocellulose-degrading enzymes contain a carbohydrate
binding module (CBM) in addition to their catalytic domain to help
guide the enzyme towards the substrate and bind to it. There are many
different families of CBMs that vary in both structure and function, with
affinity for different carbohydrates including cellulose, chitin and xylan
[1]. Currently at least 86 different CBM families are known [2]. Of
these, Family 1 (CBM1) is unique in that its members are found almost
exclusively in fungal enzymes. They are relatively small domains of
approximately 36 amino acids (~4 kDa), having two highly conserved
disulfide bridges preserving a compact wedge-shaped structure [3–5].
Cellulose binding occurs through a combination of hydrogen bonding
and π-stacking with three aromatic residues (most often Trp or Tyr) that
are displayed on their cellulose-binding face [6–9].

Given their role in the enzymatic breakdown of various celluloses,
CBM1 domains have been the focus of many research efforts [10–12].
CBM1s play a role in a wide variety of enzymes that fungi use to de-
grade cellulose, such as endoglucanases, cellobiose dehydrogenases,
and lytic polysaccharide monooxygenases (LPMO). As these enzymes
can be applied in biomass pretreatment, making surface modifications,
or in the production of biofuels and other small-molecule chemicals, the
interaction of CBM1s with different cellulose substrates is of great in-
terest. Additionally, CBMs can be incorporated in genetically

engineered proteins in order to create new protein-based materials such
as cellulose-protein composites with specific and improved material
properties [13–15]. Examples of CBM1s are found in the Trichoderma
reesei exo-cellobiohydrolases Cel6A and Cel7A. Whereas these CBMs are
highly similar, Cel6A-CBM1 features an additional disulfide bridge and
Trp-Tyr-Tyr as binding residues, the Cel7A-CBM1 uses three Tyr re-
sidues (Fig. 1). It is interesting to note that CBM1 members often have a
relatively low affinity towards cellulose, with a KD in the order of
magnitude of 1–10 μM depending on the substrate [16]. In comparison,
members of other families that are found in bacterial enzymes often
have much higher affinities. For example, the Family 3 CBM (CBM3)
from the Clostridium thermocellum cellulosome scaffolding protein CipA,
has a KD of about 0.5 μM [17].

In several investigations, it has been suggested that CBMs can en-
hance the degradation of cellulose by acting as an auxiliary element. It
was proposed that the binding of CBMs to cellulose materials could lead
to the disruption of fibers, or disruption of interactions between fibrils,
leading to increased access and activity of cellulases [21–23]. This
hypothesis has been presented for various CBM-families, including ex-
amples specifically studying CBM1-members [24]. However, a detailed
mechanism remains unclear and even alternative explanations cannot
be ruled out, since preparations easily contain fractions of unknown
activities that may act synergistically giving positive results by un-
related reasons. Most studies addressing the question of possible
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