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Abstract

Two homogeneous catalytic domains (CD) and cellulose-binding domains (CBD) of cellobiohydrolase I (CBHI) and
endoglucanase I (EGI) fromTrichoderma pseudokoningiiS-38 are obtained from the products of limited proteolysis by
papain and purified followed a series of gel filtration. A comparison of the catalytic activities and binding capacities between
these two intact cellulases and their CD and CBD were made. Binding and de-sorption experiments indicate intact CBHI
has stronger binding capacity on cotton fibers than others, and cannot be released from cotton fibers upon simple dilution
by 20 mM NaAc, pH 4.8 buffer, while both CBDs can be completely eluted by the same buffer. Non-hydrolytic disruption
of cotton fibers after adsorption of CBHI-CBD was clearly observed by scanning tunneling microscope. FT-IR spectroscopy
studies demonstrate that those disruptions were driven by weakening and splitting of hydrogen bonds in cellulose. The binding
capacities, as a measure of the maximum amounts of binding enzymes, and hydrolysis rates of both intact enzymes are all
higher than those of the combination of their two corresponding domains in equal mole. Similarly, the effect of synergism
between CBHI and EGI in hydrolysis rate of cotton fibers are also higher than those of the combination of their four domains.
These results clearly suggest that the binding and catalytic functions of a cellulase molecule is mainly dependent on the
coupling work of its two domains and any one domain alone is not sufficient for its full function as in an intact enzyme.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Cellulose is the most abundant renewable polysac-
charide in nature. Its biodegradation by microorgan-
isms is one of the major steps of carbon cycle on

Abbreviations: CBHI, cellobiohydrolase I; CBD, cellulose-
binding domain; FT-IR spectrum, Fourier transform-infrared spec-
trum; STM, scanning tunneling microscopy; NaAc, sodium acetate
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earth. Therefore, the efficient utilization of this process
would provide a significant contribution to solve the
environmental and ecological problems. As a skeletal
component in plant cell wall, cellulose has high tensile
strength and rigidity, which makes it much more dif-
ficult to be hydrolyzed by chemicals or enzymes. As
it was known that the enzymatic hydrolysis of cellu-
lose is a complicated heterogeneous reaction, in which
the binding/adsorption of cellulases to cellulose sur-
face is a crucial prerequisite step[1,2,26]. Accord-
ing to the widely accepted view, efficient hydrolysis
of crystalline cellulose requires the synergistic action
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of cellobiohydrolase I (CBHI) and endoglucanase I
(EGI) in fungal cellulase systems[1,2]. Both CBHI
and EGI consist of two distinct domains connected
by a linker region: a relatively small non-catalytic
cellulose-binding domain (CBD) and a catalytic do-
main (CD). Several investigations clearly showed that
CBDs of cellulases appeared to assist in the hydrol-
ysis of insoluble crystalline cellulose, because lower
activities were generally observed following their re-
moval by proteolysis or being deleted through in vitro
DNA manipulation[3,4]. But, how they perform this
function is not yet full understood. Even though there
are many successful results in this field, several dif-
ferent even contrary reports on the function of CBD
were also presented. Din et al.[5,6] first reported that
the binding domain of endoglucanase A (CeA) from
a bacteriumCellulomonus fimi,belonging to family
II, could cause non-hydrolytic disruption of cellulose
fibers and release small particles. Similar studies from
Trichoderma pseudokoningii, Trichoderma reeseiand
Penicillum janthinellumwere obtained in our labora-
tory [7–10]. And there are also some controversies on
the interaction mode of CBD with cellulose[11]. In
Linder and Carrard[11] and Teeri’s report[12], bind-
ing is a totally-reversible process for CBHI-CBD from
T. reesei, while it is irreversible for CBDs fromC. fimi
according to Jervis et al.[13]. This contradiction of
interaction of CBDs with cellulose may be due to the
difference of bacterial and fungal CBD with different
adsorption properties as suggested by Reinikainen[4].

In the present investigation, the binding behavior
and hydrolysis rates of intact CBHI and its CD and
CBD, intact EGI and its corresponding domains on
cotton fibers were compared.

2. Materials and methods

2.1. Cellulosic substrates

De-waxed cotton fiber was used as substrate. The
fibers were simply cut, and the fraction with 60–80
meshes was collected, and then dried for 3 days in
vacuum oven at 45◦C before each experiment. Crys-
talline cellulose (Avicel, PH101, Sigma), CF11 cellu-
lose powder (Whatman), CMC-Na (medium viscosity,
Sigma), and phosphoric acid swollen cellulose pre-
pared according to Wood[14], were used as substrates

for estimation of enzymatic activity. All other chemi-
cals were reagent grade.

2.2. Enzyme purification and determination of
activities

CBHI and EGI were purified from the culture fil-
trate of the fungusT. pseudokoninigiiS-38 [15], by
a series of chromatography procedures as described
in the previous reports[16,17]. The specific activi-
ties of intact enzymes and their domains were deter-
mined in 50 mM NaAc, pH 4.8 at 40◦C using various
cellulose substrates with different incubation period,
240 min for cotton fibers, 120 min for CF11 cellulose
and swollen cellulose, and 30 min for CMC-Na and
p-nitrophenyl-�-d-cellobioside (pNPC), respectively.
Concentration of each substrate was 1.0 mg/ml, and
the final concentration of enzymes and their domains
was about 0.75�M. The total reaction volume was
2 ml. The released reducing sugar was measured by
the dinitrosalisylic acid (DNS) method using glucose
as standard. The specific activities were defined as the
amount of reducing sugar (in microgram) produced by
1�mol enzyme/min.

For the study on synergistic action in hydrolysis,
the experiments were performed at 40◦C for 120 h
in 50 mM NaAc buffer, pH 4.8 containing 1 mg/ml
cellulosic substrates, 30�M enzymes and 0.01% (w/v)
NaN3.

2.3. Limited proteolysis of CBHI and EGI, and
isolation of their catalytic domains (CD) and
cellulose-binding domains (CBD)

The procedure was similar as reported previously
[7,18] with some modification. Briefly, a concentrated
CBHI or EGI solution (20 mg/ml in 50 mM NaAc
buffer, pH 5.0) was treated with papain (Sigma p3120,
10 mg/ml in 20 mM phosphate buffer, pH 7.0 con-
tained 5 mMl-cysteine and 2 mM EDTA). The ratio
of CBHI to papain (w:w) was 5:1, and EGI:papain
was 10:1. The mixture was incubated at 37◦C for
120 min. Then, the digests were separated by gel fil-
tration on Sephadex G-75 column (1.5 cm× 100 cm).
The fraction containing catalytic domain of CBHI or
EGI was further purified on ion exchange DEAE-A50
column. The fraction of CBHI-CBD was mixed with
microcrystalline cellulose (PH101) at a concentration
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of 10 mg/ml and incubated at 4◦C overnight for CBD
absorbing[8]. For adsorbing EGI-CBD, CF11 cellu-
lose used as substrate. The cellulose pellet adsorbing
CBD was collected by centrifugation at 10,000× g
for 30 min, then re-suspended in 50 mM phosphate
buffer (pH 6.0) containing 2 M urea, and incubated at
4◦C for 30 min with agitation for CBD de-sorption.
Cellulose powder was removed by centrifugation as
described above. The supernatant containing CBD
was dialyzed against acetate buffer (pH 5.0, 50 mM)
and concentrated by ultrafiltration with a cut-off of
5000 Da (PM 10 membrane, Amicon, USA), then
loaded on Sephadex LH-20 column for further purifi-
cation[8,10].

2.4. Binding and de-sorption experiments

The binding of CBHI, EGI and their domains to
cellulose were performed by mixing the protein solu-
tion with cotton fiber suspension (1 mg/ml in 20 mM
NaAc, pH 4.8) at 4◦C for 90 min as full equilibrium
reached. The substrate was collected by centrifugation
at 10,000× g for 10 min. In de-sorption experiments,
the cellulose pellet was re-suspended in the same
buffer with the same volume and incubated at 4◦C
for another 90 min, then centrifuged as above. The
de-sorption% as calculated following Palonen et al.
[27]. In all experiments, the adsorbed and de-sorbed
percentages of enzymes were determined by UV ab-
sorbency at 280 nm. The binding isotherm data of the
intact enzymes and their domains were fitted with
one-site saturation binding model[19]. Analyzed by
the method of non-linear least squares to determine
the apparent relative equilibrium dissociation constant
(Kd) and the maximum amounts of binding enzyme
(Bmax).

2.5. Determination of changes in structure
parameters of cotton fibers after binding of
CBHI-CBD and EGI-CBD

A reaction mixture containing 2 mg/ml of de-waxed
cotton fiber powder, 0.05 mg CBHI/EGI-CBD in
50 mM sodium acetate buffer (pH 6.0) with a total
volume of 1.0 ml was incubated at 45◦C for ap-
propriate period with gentle agitation. The cellulose
fibers were collected on a glass filter and washed
with distilled water, then dried in an oven at 45◦C.

The treated cotton fiber was suspended in anhydrous
ethanol, dropped on a freshly cleaved highly oriented
pyrolytic graphite (HOPG), dried in air, and carried
out with a domestic STM setup CSPM-930A (manu-
factured by Institute of Chemistry, Academia Sinica,
Beijing) as described before[20]. The IR spectra were
determined on a FT-IR 710 infrared spectrophotome-
ter (Nicolet Instrument Corp., USA). Spectra were
recorded using a deuterated triethylene glycol sul-
fide (D-TGS) detector in a transmission mode with a
resolution of 4 cm−1 in the range of 4000–400 cm−1.

3. Results

3.1. Proteolytic digest of CBHI and EGI
and isolation of their catalytic domains and
cellulose-binding domains

Under the given conditions with CBHI:papain ratio
(w:w) as 5:1 and EGI:papain as 10:1, the mixture was
incubated at 37◦C for 90 min (for CBHI) or 120 min
(for EGI), the intact enzymes were completely cleaved
into catalytic domains and cellulose-binding domains
[7,18]. The digests were separated by gel filtration
on Sephadex G-75 column for primary purification of
these two domains. The catalytic domains were fur-
ther purified on DEAE-A50 column as described for
purification of CBHI and EGI[16,17]. Homogeneous
fractions of two CBDs were obtained after adsorp-
tion and de-sorption on Avicel/CF11 cellulose, con-
centrated by ultrafiltration, and re-chromatography on
Sephadex LH-20 column. According as the properties
of CBDs bound to cellulose and which could be re-
leased upon simple dilution, the purified CBDs were
easily obtained[8].

According to the gel filtration data on Biogel
P-100 column, the molecular weight of CBHI-CD
was estimated as about 58 kDa and EGI-CD about
60 kDa; thus a peptide with the molecular weight of
about 7–8 kDa for CBHI would be CBHI-CBD, and
9–10 kDa for EGI would be EGI-CBD. Because, the
proteolysis site by papain in cellulase is adjacent to
the N-terminus of linker[7], thus, the CBDs purified
in present should be combined with the linker region.
As reported by Srisodsuk et al.[40] that the linker
is necessary for full binding capacity and hydrolysis
rate of CBHI.
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3.2. Binding properties of intact CBHI and EGI,
and comparison with those of their CDs and CBDs

The adsorption isotherm in the Scatchard plot
shown that the curves of both intact cellulase and
its CD were non-linear, and both CBDs were nearly

Fig. 1. Scatchard plots analysis for adsorption data of CBHI (A), EGI (B) and their domains binding to cotton fibers.

linear (Fig. 1). Which were similar to many reports
of cellulase binding studies[4,26,27]. Thus, theBmax
and Kd of all components as determined by linear
regression of Scatchard data would be far from their
true values, and estimation of the adsorption parame-
ters with non-linear regression will be more accurate.
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Table 1
Adsorption parameters for the binding of CBHI, CBHI-CD,
CBHI-CBD, EGI, EGI-CD, and EGI-CBD to cotton fibers

Enzyme Bmax

(�mol/g cotton)
Kd (�mol/l) Goodness-

of-fit (R2)

Intact CBHI 0.0923 0.389 0.98
CBHI-CD 0.0555 0.238 0.99
CBHI-CBD 0.0216 0.0602 0.99
Intact EGI 0.0810 0.397 0.99
EGI-CD 0.0521 0.255 0.99
EGI-CBD 0.0260 0.112 0.99

Bmax: maximum amounts of adsorbed ligand;Kd: equilibrium
dissociation constant (l/mol).

In the present work, non-linear curve fitting to the
experimental isotherms were performed using the
one-site binding model to determineBmax and Kd.
Results are shown inFig. 2 and Table 1. The Bmax
of both intact CBHI and EGI are higher than those
of its domains and approximated the sum of its two
domains, respectively. But, theKd of both CBDs is
smaller than those of its CD and intact enzyme. Sim-
ilar contradiction is also presented in another report
[40]. How can we measure the affinity or binding ca-
pacity of a binding system? In general,Kd or Ka has
been selected as the index for estimating the affinity,
i.e. “the lower theKd, the higher the affinity”[41],
while the distribution coefficient and theBmax have
also been selected as the index of binding capacity
[42]. The relations between them are so complex, as
reviewed by Fuchs and Gessner “the result of equi-
librium constant strongly depends on the evaluation
method used and on the type of experimental errors”
[39].

3.3. De-sorption of enzymes by buffer
dilution and then for competitory
binding experiments

The de-sorption data (Table 2) shown that CBDs of
CBHI and EGI can be completely eluted from cotton
cellulose by simple dilution with 20 mM NaAc buffer,
and both CDs and intact EGI can be partially eluted.
These results indicate that the adsorption at 4◦C in
NaAc buffer pH 4.8 is a binding-reversible process
for CBDs and CDs as well as EGI, which is in agree-
ment with previous reports[12,21–23]. And suggested
that CBD alone is not responsible for the irreversible

Table 2
De-sorption of adsorbed enzymes on cotton fibers by 20 mM NaAc
buffer, pH 4.8

De-sorption%a

Intact CBHI <5
CBHI-CD ≈75
CBHI-CBD ≈100
Intact EGI ≈63
EGI-CD ≈85
EGI-CBD ≈100

a De-sorption% = (binding enzymes− de-sorbed enzyme)/
bound enzyme[27]; all tests were set-up in triplicates.

binding of intact enzyme. CBHI has strong affinity to
cellulose substrates and it is difficult to release from
these substrates.

Present results shown a fully irreversible binding
of intact CBHI on cotton cellulose. It is different
from those results obtained using Avicel, BMCC
and filter paper as substrates[24,26]. However, it
is similar with the reports[21,22,28] using wood
cellulose, filter paper and newspaper as substrates,
respectively. Much further research is required to clar-
ify this contradiction. Since CBHI cannot be eluted
from cotton cellulose with 20 mM NaAC buffer, this
property can be used for investigation of competi-
tive binding between CBHI and other cellulase com-
ponents.

A similar procedure of adsorption as described
above is followed, then the cotton fiber adsorbed
with CBHI is collected and used as substrate in
re-adsorption test by other components, such as
EGI or its CBD with a saturate amount. The activ-
ity of CBHI in bulk solution is also estimated by
pNPC.

In all the re-adsorption tests, the adsorbed CBHI is
not replaceable by any of EGI components. During
re-binding, there are about 0.015�mol CBHI-CBD or
EGI-CBD and 0.05�mol EGI can be binding to one
gram of cotton, which is about the half of its original
(Table 1). The results clearly demonstrate that there
exist, at the list, some partial distinct binding sites
for CBHI and EGI, and there are also extra sites for
CBHI-CBD and EGI-CBD binding after intact CBHI
bound. These results show good agreement with the
previous reports of Ryu et al.[43] and Kyriacou et al.
[44].
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Fig. 2. Non-linear regression analysis for adsorption data of CBHI (A), EGI (B) and their domains binding to cotton fibers.
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3.4. Structural changes of cotton cellulose after
binding of CBHI-CBD and comparison with other
cellulose components

3.4.1. STM observation
These results were clearly observed at the microfib-

ril(s) level at high magnification (Fig. 3).
Fig. 3A shows a bundle of microfibrils with the di-

ameter of 11.2 nm, which consists of 4–5 elementary
fibrils with the diameter of about 2 nm. The structural
changes after adsorption of CBHI clearly observed
that the microfibril bundle becomes more dispersed
and disorderly (Fig. 3B). Same structural changes of
cotton fiber after adsorption by EGI were also ob-
served (figure omitted). After hydrolysis in synergism
by CBHI and EGI, the structure of cotton cellulose
became completely disrupted (Fig. 3C).

3.4.2. FT-IR spectra analysis
Fig. 4shown an IR spectrum of native cotton fibers,

in “finger-print region” 1500–900 cm−1, it exhibits the
characteristics of high crystalline cellulose[30]. There

Fig. 3. STM images of native cotton fiber. (A) Native cotton fiber,Iref = 0.28 nA, Vbias = 420 mV, scan area= 32 nm× 18 nm; (B) native
cotton fiber by binding of CBHI and incubation for 24 h,Iref = 0.10 nA, Vbias = 266 mV, scan area= 24 nm× 14 nm; (C) native control
fibers by hydrolysis of CBHI plus EGI incubation for 24 h,Iref = 0.28 nA, Vbias = 420 mV, scan area= 80 nm× 46 nm.

are about 11 absorbing bands which have been as-
signed. After binding by CBDs, its position and peak
shape have little or no changes. However, only the
relative intensities of some bands near 1030, 1060,
1116, 1160 and.1370 cm−1 appear decrease tendency,
which assigns as C–O stretching. And bands near
1430 cm−1, which were assigned as CH2 scissoring,
also decreased. These changes may be reflects the oc-
currence of transition of cellulose I to cellulose II dur-
ing hydrolysis process[30,31]. But, its true value can
not be estimated, because the limitation of the KBr
disc method.

Hydroxyl is a main functional group in forming
hydrogen bonds with various hydrogen bonding ac-
ceptors. In IR spectra around the broad bands of
3600–3200 cm−1, corresponding to the strong –OH
stretching and flexural vibration frequencies of intra-
and inter-molecular hydrogen bonds of cellulose,
and can be used for estimating the relative amounts
of free and bonds (ordered) hydroxyl groups[30].
However, its type is poorly resolved by general
KBr disc method, because the hydroxyl absorption
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Fig. 4. Show a characteristic IR spectrum of native highly crystalline cellulose (A); after binding with intact CBHI and incubation for 20 h
(B); with intact EGI (C); and after hydrolysis by CBHI plus EGI for 25 h (D).

peak is broad and overlaps with that of water effect.
Here, we use OMNIC software package for cor-
rect and conversion the data of FT-IR spectroscopy,
such as used second derivative and de-convoluted
by using a Gaussian–Lorenzian curve fitting anal-
ysis to obtain relative quantitative information in
3600–3200 cm−1 bands. And then, the intensity ratio
of 2900 cm−1/1372 cm−1 that has been used as the
crystallinity index[25] and the intensity of 2900 cm−1

was selected as an internal standard for estimated
the changes of relative intensity of these hydrogen
bonds. As shown inFig. 5 and Table 3, after bind-
ing of CBHI, the crystallinity index estimated by the
ratio of 2900 cm−1/1372 cm−1 has a little change,
while the relative intensity in 3600–3200 cm−1 esti-

Table 3
Comparison of the ratio of some peaks intensity of cotton fibers after adsorption by CBHI

Cellulose sample 1372 cm−1 2900 cm−1 3600–3200 cm−1 Relative crystallinity index
1372 cm−1/2900 cm−1

3600–3200 cm−1/2900 cm−1

Changes± % Changes± %

Native cotton fibers 7.25 6.28 140.5 1.15 22.3
Native cotton fibers after

adsorption by CBD
7.50 6.40 115.6 1.17 +1.7% 18.0 −19.6%

mated by same way appears obviously decrease
tendency.

3.5. Comparison of specific activities of intact
CBHI, EGI and their domains

Results are summarized inTables 4 and 5, which
are similar to those of other reports[27,32].

There is no significant difference between the
specific activities of both intact enzymes and their
catalytic domains on soluble substrates, but removal
of CBD dramatically reduces their activities towards
crystalline cellulose. That clearly indicated the im-
portant function of CBD in hydrolysis of crystalline
cellulose.
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Fig. 5. Comparison of second-derivative FT-IR spectra in the region 3600–3200 cm−1 of native cotton fibers (A) and after adsorption by
intact CBHI (B); (C) is their difference spectra.

3.6. Synergistic action between CD and CBD of
CBHI and EGI, comparison with intact enzymes

The synergistic behavior of the combination of
limited proteolytic domains as well as the compar-
ison with their intact enzymes is investigated dur-
ing prolonged hydrolysis of cellulolytic substrates

Table 4
Comparison of specific activities of intact CBHI with its CD and
CBD on various cellulosesa

Substrate CBHI CBHI-CD CBHI-CBD

Cotton fiber 0.18 Trace NDb

CF11 cellulose 0.53 0.31 ND
Avicel 0.71 0.13 ND
Swollen cellulose 1.38 0.96 ND
CMC-Na ND ND ND
pNPC 8.75 8.43 ND

a Assays are performed as described inSection 2. Specific
activity is defined as the amount of reducing sugars (�g, d-glucose
equivalent) produced by 1 mg enzyme/min.

b None have detected.

(Fig. 6A–C). These results reveal that the hydrolysis
rates of both intact enzymes and their combinations
are much higher than those of the combination of
CBDs and CDs in equivalent mole. These studies
have confirmed the current view that an organized
three-dimensional structure of an intact enzyme is
necessary for its full catalytic function.

Table 5
Comparison of specific activities of intact EGI with its CD and
CBD on various cellulosesa

Substrate EGI EGI-CD EGI-CBD

Cotton fibers 0.06 Trace NDb

CF11 cellulose 2.43 2.13 ND
Avicel 0.18 0.09 ND
Swollen cellulose 2.89 2.31 ND
CMC-Na 11.7 9.36 ND
pNPC ND ND ND

a Assays are performed as described inSection 2. Specific
activity is defined as the amount of reducing sugars (�g, d-glucose
equivalent) produced by 1 mg enzyme/min.

b None have been detected.
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Fig. 6. Synergistic effect of CBHI-CBD and CBHI-CD with different molar ratios. (A) Hydrolysis of cotton fibers by intact CBHI (�) and
the mixture of CBH-CD and CBHI-CBD in equivalent mole (�); (B) hydrolysis of CF11 cellulose by intact EGI (�) and the mixture of
EGI-CD and EGI-CBD in equivalent mole (�); (C) hydrolysis of cotton fibers by intact CBHI combined with EGI (�) and the mixture
of CBHI-CD, CBHI-CBD, EGI-CD and EGI-CBD in equivalent mole (�).

4. Discussion

4.1. The binding and catalytic functions of a
cellulase are mainly dependent on the intact
structure of enzyme molecule

The “induced-fit” hypothesis[32] postulates that
conformational changes induced by substrate binding
could orient functional group of an enzyme so as to
enhance the efficiency of the subsequent chemical
process. For insoluble substrates such as cellulose,
hemi-cellulose, starch, and chitin, the relevant en-
zymes are typically modular enzymes with two distinct
domains—a catalytic domain and a substrate-binding
domain, connected by a linker region. Studies of the
present work indicated that CDs alone can appear
certain binding and hydrolysis function, CBDs alone

appear binding function, but only an intact CBHI or
EGI can exhibits effective function, any one domain
alone and even the combination of both separated
domains in equivalent mole have not sufficient for
this function of intact enzyme. As is well known that
the CD of CBHI and EGI is joined to CBD by an
extendedO-glycosylated interdomain-linker peptide.
What is the role of linker peptide? Srisodsuk et al.
[40] reported that deletion of linker would reduce
the binding capacity and hydrolysis rate of CBHI.
Present results are good agreement with those report.
These phenomena suggested that the structural en-
tirety in an enzyme is necessary for effective coupled
working of its domains and conformational transi-
tion. Thus, it appears to us, in analogical studies
of enzyme, only focus on its catalytic center is not
sufficient.
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4.2. Adsorption of CBD on insoluble substrate
could be weakening and splitting of hydrogen
bonding

As mentioned above, conformational changes in-
duced by substrate binding could orient functional
group of an enzyme for recognizing of catalytic site in
substrate. But, this theory is mainly based on the study
of soluble substrates in which binding requires loss
conformational entropy[33]. In contrast, the confor-
mation of each cellulose chain on the surface of cellu-
lose fiber is essentially fixed, and the conformational
change cannot spontaneously occurred by itself. In
consequence of which, the relevant enzymes, for insol-
uble substrate hydrolysis, are typical modular enzymes
with two distinct domains. The substrate-binding do-
main appears to assist in hydrolysis of insoluble sub-
strates. But, how the two domains work together and
how they interact with the insoluble substrates is not
understood yet[32–34]. Reese et al.[35] first pro-
posed that the existence of a hydrogen bond breaking
enzyme was needed for the highly crystalline cellu-
lose decomposition. Unfortunately, so far, our knowl-
edge is still limited for this hypothesis. Recently, a
novel protein termed “expansin” isolated from germi-
nating seed of cucumber, which can induce plant cell
wall enlargement, has been assumed to possess the ca-
pacity of disruption of hydrogen bonding[29]. And
then, a bacterial CBD found appears to have same ef-
fect as “expansin”[36]. But, these disrupt effect of
“expansin” and CBD to hydrogen bonding have not
check to evidence by direct experiment. So far, only
CBDs of family II (Cex and Cen CBD) have been
proven to enhance the physical disruption of cellu-
lose fibers and release small particles[5,6]. In present
work, STM provide visible morphological changes of
cotton fibers after treatment with CBHI-CBD. These
observations are also consistent with the investigations
carried out with IR observation that the intensity of hy-
drogen bonds appears decreased following the binding
by CBD. All of these confirm that CBHI-CBD adsorb-
ing on insoluble substrate was not limited by locating
the cellulase close to cellulose and could be weaken-
ing and splitting of hydrogen bonding of cellulose.

Sinnott[37] proposed that the glucan chain must be
left from the surface of a cellulose crystallite before the
glycosidic bond was cleaved, because the long tunnel
of CBHI had evolved to accommodate a single glucan

chain [38]. Our results may provide an evidence for
this hypothesis.

These studies can further provided an opinion that
the function of an enzyme in decreases active energy
for catalytic reaction is derived from the conforma-
tional regulation by intact enzyme molecule itself.
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