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Figure 1. Schematic overview of CMC (top) and how exocellulases and endoglucanases,
respectively, hydrolyse CMC. Large circles mark ether oxygens or aldehyde end-group
oxygen. Exoenzymes (left) result in cellobiose and a new CMC end group.
end, due to an aldehyde group, when in open
conformation, and a non-reducing end,
respectively.5 Additionally, carboxymethylgroups (see Fig. 1) are linked to the OHgroups of the glucose units through an etherbond. Sodium ions bind to the carboxylate
group.
Degree of substitution (DS) is the
average number of carboxymethyl-groups
per glucose unit. The maximum DS is three,
so each glucose unit can at most have three
carboxymethyl substituted groups.4 The
carboxymethyl-groups
are
randomly
distributed along the cellulose chain,5 which
means that some areas of a chain are most
likely more substituted than others. The
enzyme’s ability to hydrolyse is greatly
influenced by how substituted the glucose
units are. If a chain is highly substituted it
will be less hydrolysed by enzymes.6 CMC
substrates are available with different DS
and different degrees of polymerization
(DP). DP and DS affect the size of the
molecule, the viscosity, and the solubility of
CMC. The side chains of CMC make it
highly hydrophilic. The longer the polymer
chain of CMC, the less soluble is CMC.
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Enzymes
Cellulases adsorb to cellulose substrates
and catalyze the hydrolysis of the 1,4-β-Dglycosidic bonds. Exocellulases hydrolyse
cellulose from either the reducing or the
non-reducing end, whereas endoglucanases
hydrolyse the chain randomly.5 The
hydrolysis product from exocellulases is
mostly cellobiose (Fig. 1), with some
glucose and cellotriose.5 Cel6a and Cel7a
from Trichoderma reesi are both
characterized as processive exocellulases.
They both consist of three structural parts: a
catalytic domain (CD), a linker and a
cellulose-binding module (CBM).7 The
differences in the CD of the enzymes and
their tunnels, give the enzymes different
cleaving capabilities. Typically closed
tunnels and rigid CDs favor a processive
exo-manner of hydrolyzing whereas a more
open tunnel and flexible CD structure favors
an endo manner.5 Endoglucanase 3 (EGIII)
is a pure endo-enzyme and does not have a
CBM. The CD of EGIII does not contain a
tunnel but a cleft/crevice that is more open
than a tunnel, thus enabling its pure endo
properties.8 Cel6a is thought to possess
more endo-character than Cel7a, due to the
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RESULTS
Intrinsic viscosity is a measure of the
specific hydrodynamic volume of the
polymer. The determination of the intrinsic
viscosity for the 90kDa CMC used in this
study is shown in Fig. 2.

chosen and the overlap parameter c[η] of
this solution is 9.2. The solutions are thus
semi-dilute and measured viscosities are 180
mPas at 25 °C.

Figure 4. Time dependent steady shear
viscosity of 5 wt% CMC after addition of
EGIII to 0.05 µM at 25 °C. Relative
viscosity is measured viscosity divided by
viscosity of CMC solution before addition
of enzyme.

Figure 3. Steady shear viscosities of CMC
90 kDa solutions from capillary (filled
circles) and rheometer (squares)
measurements.
The intrinsic viscosity [η] is 183±2
mL/g. The overlap concentration which
marks the change from dilute to semi-dilute
solutions is thus c*≈1/[η] =0.0055 g/mL.
Fig. 3 shows the viscosities as a function
of concentration of CMC from dilute to
semi-dilute solutions. In the dilute area, the
viscosity is slowly increasing with
concentration, however, above the overlap
concentration the viscosity increases
dramatically in the semi-dilute range.
In this study the viscosity should be in
the semi-dilute range due to the fact that the
viscosity depends strongly on molecular
weight in this area. After the addition of
enzyme, the viscosity is expected to
decrease dramatically, which makes it
important to have a high viscosity to start
with. For this study a 5% solution was
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Figure 5. Relative viscosity of 5 wt% CMC
solution after addition of EGIII. (A): 0.05
µM, 25 °C; (B): 0.50 µM, 25 °C; (C): 0.05
µM, 40 °C.
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DISCUSSION
The results obtained for EGIII and Cel7a
demonstrate that EGIII is an endoglucanase
and that Cel7a is an exocellulase in
agreement with other studies.5,7,8 EGIII
showed measureable endo-hydrolysis, which
was observed with both viscometry and
SEC, whereas no endo-hydrolysis was
observed for Cel7a. Cel6a is generally
characterized as an exocellulase, however it
has been hypothesized that Cel6a also
possess some endo-activity.5,10,12 In this
study, no endo-activity was observed for
Cel6a. A possible explanation for Cel6a
showing endo-activity is the choice of
substrate. Boisset et al.10 used bacterial
cellulose which is a highly crystalline and
insoluble form of cellulose. Cel6a might be
more specific for this substrate than for
CMC. The catalytic tunnel of Cel6a contains
six substrate sites, four for substrate (four
linked glucose units) and two for product
(one cellobiose unit). The tunnel is very
narrow, making almost no space for
substituted side-groups. This means that
Cel6a has to bind to at least 4 unsubstituted
glucose units to be able to hydrolyse.
However, the CMC substrate used in this
study has a DS of 0.85, which makes is
highly unlikely that 4 unsubstituted glucose
units are located together. Cel7a has six
substrate binding sites, and EGIII has only
two, which also reflects the different
enzymes ability to hydrolyze CMC.5,8
The DS of CMC affects the hydrolysis. In
a study by Horner et al.6 it was shown that
hydrolysis by EGIII was more effective
when the CMC substrate had a DS of 0.6
compared to a DS of 1.2. Using HPLC, it
was detected that CMC 0.6 had been
hydrolyzed more than CMC 1.2. Cel6a
substrate specificity was also illustrated
when Avicel was used as substrate in
PAHBAH assays. Cel6a released more than
twice the product amount compared to the
two other enzymes. This could indicate that
Cel6a has a higher activity for crystalline
cellulose. Boisset et al. investigated Cel6a
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by transmission electron microscopy with
bacterial cellulose as substrate. They
detected ribbon shortening when substrate
was incubated with Cel6a.10
Viscometry is clearly a good and sensitive
method for detecting endo-activity on CMC
substrates. However, insoluble cellulose
substrates cannot be measured, which is a
significant limitation of the technique. In
addition,
neither
exo-activity
nor
processivity is detectable with this method.
Viscometry is dependent on the MW of the
substrate, and only endo-hydrolysis changes
the MW significantly. This is due to the
relationship between MW and viscosity.
Kulicke et al.4 have shown that the
viscosities of CMC solutions follow a
universal curve independent of DP and DS
when plotted against the overlap factor.
There results show that the viscosity is
proportional to MW3.9 in semi-dilute
solutions. If CMC chains on average are cut
only once viscosities will decrease by a
factor of 1/15.
Viscometry enables monitoring of endohydrolysis in real-time making it possible to
instantly see if the enzymes possess endo
activity, without further chemical treatment
or analysis.
CONCLUSION
In this study it can be concluded that
EGIII endo-hydrolysis can be detected with
viscometry. The results from viscometry
correlated with the results from both the
SEC and PAHBAH assays. Viscometry is a
rapid, reliable and sensitive method to
identify pure endoglucanases in real time. In
addition, both the viscometry and SEC
results showed that Cel6a has no detectable
endo-activity when CMC was used as
substrate.
Further
experiments
with
other
endoglucanases are desirable to support the
results of this article and to validate that
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viscometry is a good and fast method to
screen
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in general.
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