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ABSTRACT: Plant cell wall hydrolases generally have a modular structure consisting of a catalytic domain
linked to one or more noncatalytic carbohydrate-binding modules (CBMs), whose common function is to
attach the enzyme to the polymeric substrate. Xylanase A Rseudomonas fluorescesisbspcellulosa

(Pf Xyn10A) consists of a family 10 catalytic domain, an N-terminal family Ila cellulose-binding module,
and an internal family 10 cellulose-binding module. The structure of the 45-residue family 10 CBM has
been determined in solution using NMR. It consists of two antipargigieets, one with two strands and

one with three, with a short-helix across one face of the three-stranded sheet. There is a high density
of aromatic residues on one side of the protein, including three aromatic residues (Tyr8, Trp22, and Trp24),
which are exposed and form a flat surface on one face, in a classical polysaccharide-binding arrangement.
The fold is closely similar to that of the oligonucleotide/oligosaccharide-binding (OB) fold, but appears

to have arisen by convergent evolution, because there is no sequence similarity, and the presumed binding
sites are on different faces.

Plant cell wall hydrolases from aerobic microorganisms suggested that the reason for this is that cellulose is a
generally have a modular structure consisting of a catalytic uniform, crystalline, and ubiquitous ligand, whereas xylan
domain linked to one or more noncatalytic domains, whose can be very variable depending on the species or differentia-
function is to attach the enzyme to the polymeric substrate tion state of the plant. In the plant cell wall, xylan is always
and thus to increase the catalytic activity.(These domains  closely associated with cellulose, and therefore, domains that
are known as carbohydrate-binding modules or CBMs. bind to cellulose will also locate the enzyme close to xylan.
Deletion of the noncatalytic domains has no effect on the Catalytic domains and CBMs have been separately classified
activity against soluble polysaccharides, but reduces activity into families, based on sequence similaritiés (
against complex and insoluble substrates containing crystal- Structures have been determined for CBMs from families
line cellulose ). Most CBMs bind to cellulose and have 1, 2a, 3, 4, and 5 and for an XBM from family 2612).
therefore often been described previously as cellulose-bindingMost of these domains bind to crystalline cellulose and have
domains or CBDsJ). Although there are domains that bind a common structure consisting offasheet core, with two
specifically to xylan (denoted xylan-binding modules or or, more usually, three aromatic residues across one face.
XBMs) (4), many xylanases contain domains that bind These residues are highly exposed and form a colinear and
specifically to cellulose rather than xylab)( It has been coplanar surface, which is optimally constructed for face-

to-face stacking with the coplanar surfaces of glucose
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1 . . . - Typical 9C pulse lengths used were 9 and 2% for high-

XynA GNQQCNWYGTLYPLCVTTINGWGWEDQRSCIARSTCAAQPAPFGIVGS H H :
XynE GNCQCNWWGTFYPLCQTQTSGWGWENSRSCISTSTCNSQGTGGGGVVC pOl\NertpL!lsesl and TOCSY Sp(;nblocl:kmg’ respectlvely. -I;he
CelE SGQOCNWYGTLYPLCSTTTNGWGWENNASCIARATCSGQPAPWGIVGG solvent signal was suppressed by low-power presaturation.
CelC GGGQUNWYGTLYPLCVSTTSCWGYENNRSCISPSTCSAQPAPYGIVGG H chemical shifts were referenced to internal 3-trimethyl-
Egii Zgg:gmggxigl"vﬁzggzgﬁ;ggzg}’:iggzigiﬁzggz; silyl-2,2,3,34ds-propionate. The homonuclear 2D experiments
Eg . .
XycA NACQCNWWGTRYPLCTNTASGWGWENNTSCITTSTCNSQGAGGGGVVC were generally recorded with 512 increments of 4096

*Ex kx kR T ko x * * complex data points over an oversampled spectral width in

Ficure 1: Sequence alignment of family X CBMs. Completely F2 of 25 ppm. The time domain data were apodized with
conserved residues are indicated by an asterisk at the bottom ofGaussian or phase-shifted sine bell windows. Data were zero

the alignment, and the postulated binding aromatic residues arefjjled to 2K in the indirect dimension prior to Fourier

listed in bold. The proteins are: XynA&s. cellulosaXynA (this . . .
work), GenBank X15429; XynEPs. cellulosaXynE, GenBank transformation. A total of 1024 data points was discarded

748927; CelE Ps. cellulosaCelE, GenBank X86798; Cel®s.  On either side of the frequency domainfato yield a final
cellulosa CelC, GenBank X61299; EgIBPs. cellulosaEgIB, matrix size of 2Kx 2K data points. For DQF-COSY, 1024

GenBank X52615; EglAPs. cellulosaEglA, GenBank X12570;  t; increments were acquired over a 13.5 ppm spectral width

XycA, Cellvibrio mixtusXynA, GenBank Z48925. The first residue . ; ;
of CBM10 is residue 1, and there is a dot marking each tenth and the final frequency domain data size Was>8|QK. For
subsequent residue. E-COSY, 874t; increments were used and the final data

size was 8Kx 4K. Quadrature detection in the indirect

) ) dimension was achieved using States-TPPI. For amide-
by a family 10 CBM 6, 14). The three domains are separated exchange experiments, the protein sample O Hwvas

by serine-rich linkers of approximately 50 and 32 residues, lyophilized and redissolved in £ just before recording a
respectively. Both CBMs have been shown to be functional ggries of TOCSY spectra at 5C. In total, seven TOCSY
cellulose-binding domains, the affinity of the family 10 gpecira were collected over a period of 30 h using 400
domain being approximately six times less than that of the jncrements for each spectrum. Amide signals still observed
family 2a domain 15). Family 10 domains are small (roughly i the spectra after this time were classified as slowly

45 residues), and contain at least four cysteine residues. Ther%xchanging. All NMR spectra were processed and visualized
is 40% sequence identitiy among the domains identified to using Felix 97 (Molecular Simulations Inc.).

date (Figure 1). Currently there is no structure of a family . . .
10 CBM. We have therefore determined the solution structure Distance restraints were derived from NOESY spectra

of the domain from Pf Xyn10A [CBM10], which is shown recorded using a mixing time Of. 100 ms. Upper distance
to contain the typical three exposed aromatic residues. Webounds were calibrated by counting the number of contour

show that the domain has a very similar structure to the levels in the spectrum, to give a different distance bound

oligonucleotide/oligosaccharide binding (OB) fold. However, for_each conto_ur level (.up to a maximum of nine contours),
there is no sequence similarity with other OB-fold proteins, calibrated by distances in known secondary structures. Lower

the topology of one strand is different, the ligand-binding bounds were set to 1.9 A'in all cases. The highezt upper
sites are on different faces, and it is concluded that the POUNd corresponding to one contour was set at 5.3 A. NOEs

structural similarity is a consequence of convergent evolution. 10 9roups of protons were applied using the sum averaging
approach, with no further correction made for methyl groups
MATERIALS AND METHODS (17). NOEs that could not be assigned to a specific proton
because of chemical shift degeneracy were handled using
Expression and PurificationCBM10 was expressed in  ambiguous NOE restraintd ).

Escherichia colstrain BL21(DE3):pLysS (Novagen), using 3June couplings were measured from a DQF-COSY
a recombinant pET expression vector containing the ap- spectrum acquired with high resolution and were used to
propriate region of the Pf Xyn10A gene. The details of jmpose the following restraints op: 3J < 5.5 Hz,—90 to
plasmid construction were described previousl®)( The —20°7.0<3) < 8Hz,—601t0—180; 8 < 3] < 9.0,—70

complete expressed sequence is hhhhhhhhhhssghiagrhmGNp —17¢°: and3J > 9, —80 to—16C°. For some residues for
QQCNWYGTLYPLCVTTTNGWGWEDQRSCIARSTCA-  which 3Jyy, could not be measureg; could be limited to
AQPAPFGIVGSGhhhhhh, where the lowercase letters rep- negative values in the refinement stages of structure calcula-
resent the extra residues added in the construct. The firsttions based on NOE intensitiéd,; couplings were measured
uppercase residue represents Gly120 of the native enzymegrom an ECOSY spectrum and were used to restrain the
and is designated as Glyl in this work. TEe coli strain side chain to within=30—-50° (depending on the value of
was grown to mid-exponential phas@s{o = 0.5) in Luria ) of the appropriate staggered rotamer. Additionally, where
broth (LB) supplemented with 5@g/mL ampicillin at 30 jimited or no scalar coupling data were available, yet the
°C, induced with 1 mM isopropylthig-p-galactopyranoside,  ensemble of calculated structures converged consistently on
and incubated fo4 h at 30°C. The protein was purified by  one rotamer, it was constrained to that rotamer in the final
nickel ion affinity chromatography on a Talon column as cajculation. Together with NOESY spectra, these were used
described previouslyl6). Approximately two mg of purified  to make stereospecific assignments. Hydrogen bond restraints
protein was obtained per liter of culture. were introduced where the backbone amide proton was
NMR StudiesSamples for NMR were typically 1 mM  slowly exchanging and structure calculations made in the
CBM10 in 50 mM aqueous sodium phosphate buffer, pH absence of hydrogen bond restraints consistently produced
4.5, in 90% HO/10% D:O. Spectra were obtained at 30, a short N-O distance. Two restraints dfiy-o = 1.8-2.5
40, and 50°C on Bruker DRX500 and DRX 600 spectrom- A anddy_o = 2.5-3.3 A were used. The disulfide restraints
eters usig a 5 mmprobehead equipped with gradient coils. were included as part of the covalent geometry. A full list
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Ficure 2: NOESY spectrum of the fingerprint region of CBM10, showing the two stripes from the His ring protons.

of restraints can be found in the Protein Data Bank under samples contained 1 equiv of €uto resolve signals hidden
code 1CT7 or 1QLD. by thet; stripes.

All structure calculations were made using X-PLOR. At low temperatures, some signals were broad and caused
Protocols were based on the example scripts in the X-PLOR problems for assignment and structure calculation, possibly
manual (9). The only significant changes from the manual due to slow conformational exchange processes. These
are that the initial temperature was 1500 K rather than 1000 signals sharpened as the temperature was raised. Most studies
and that 5000 annealing steps were used rather than 2000were therefore carried out at 5@, at which temperature

the spectra are sharp and consistent with a single monomeric
RESULTS species. The signal broadening was not affected by dilution

Structure Determinationlnitial attempts to express the ©f the sample, and therefore is not due to an aggregation
protein in a soluble form, with a His tag at either the N- or Pheénomenon.

C-terminus, were unsuccessful. However, a soluble form of ~ Assignment of the NMR spectrum is essentially complete
the protein could be produced by using a His tag at both at 50 °C. The only unassigned signals come from a small
ends of the CBM. The protein therefore contains 10 histidines humber of side-chain amide protons. In addition, signals from
at the Nterminus (connected by a 10-residue linker) and six the His tags and adjacent linkers were highly overlapped and
at the C-terminus (tagged directly to the CBM10 sequence). could not be individually resolved. A table of the assignments
The large number of histidine residues in the protein results has been deposited with BioMagResBank (accession number
in two intense NMR signals from the two ring protons, at 4377). There are some signals that are remarkably upfield
approximately 8.5 and 7.2 ppm. These signals produce shifted, including those from lle31 side-chain protons at 0.3
undesirablet; stripes in 2D spectra (Figure 2). To some to —1.0 ppm, Tyr8 H at 1.20 ppm, and aromatic protons
extent, the problem could be alleviated by running spectra from Tyr8 and Trp22 at 5:65.9 ppm. [The number of the

at different temperatures, which causes the amide protonresidue refers to its position in CBM10 as given in the
signals to be shifted but not the histidine ring protons. alignment of Figure 1: residue 1 corresponds to residue 120
However, the signals from the histidine protons still hide Of full-length Pf Xyn10A (14).]

some useful 2D cross-peaks. Therefore, because of the known The structure of CBM10 was determined using a hybrid
affinity of polyhistidine for metal ions such asNi a series distance geometry/simulated annealing protocol in X-PLOR
of experiments was carried out adding small amounts of following methods similar to those used by Sorimachi et al.
paramagnetic metal ions, which might complex preferentially (20) and Simpson et al.1@). Initially, only about 250

to the histidine rings and, therefore, selectively broaden the unambiguous nuclear Overhauser effects (NOEs) were used
histidine ring proton signals. These experiments had someas input, together with a small number of dihedral restraints.
limited success. The addition of & Cr**, and NF' salts Further information was added iteratively during the calcula-
gave little selective broadening, but addition of 2€u  tion. Initially, the disulfide-bonding pattern of the four
selectively broadened the histidine signals, up to about 1 cysteine residues was not known, but preliminary structures
equiv (Figure 3). However, there was some broadening of showed that the only feasible linkage was from Cys5 to
other resonances, including the solvent, giving difficulties Cys36 and from Cys15 to Cys30. These constraints were
in achieving a flat baseplane in 2D spectra. Therefore, sometherefore added as covalent bonds. Tests using the other



Structure of a Family 10 Cellulose-Binding Module Biochemistry, Vol. 39, No. 5, 200081

w

ppm

possible linkages resulted in structures with very high NOE
restraint violations. (a)

Some hydrogen bond restraints were used early in the
calculation, where the existence of hydrogen bonds across
the f-strands was unambiguously evidenced by slow amide
proton exchange and cross-strand NOEs. Later in the
calculation, these restraints were removed. In subsequent
calculations, a large number of close NHD=C distances
was reproducibly generated. Where there was experimental
evidence that these short distances corresponded to hydrogens)
bonds, either by slow amide exchange or by low amide
proton temperature coefficients or usually bo#i)( they
were added as hydrogen bond restraints in the final round
of calculations.The final set of restraints contained 666
unambiguous and 16 ambiguous NOEs, @%nd 30y,
restraints, and 18 pairs of hydrogen bond restraints. Ste-
reospecific assignments were made for 11 out gf28eth-
ylene pairs and both valingmethyl pairs. Thep restraints
included three positive angles (for Tyr8, Asp26, and GIn27),
indicated by strong intraresidue and sequential-lH;
NOEs @2). Pro42 was constrained asce-proline, based
on a sequential NOE between Alaédand Pro4g,, and the
lack of sequential NOEs to the Pro#2(23). All other
prolines were trans. The distribution of NOE restraints is
shown in Figure 4.

In the final calculation, 50 structures were calculated 0.0 % 5 10 15 20 25 30 35 40 45
starting from random coordinates and were subsequently ,
refined. The resulting structures were ranked by total Residue number

_ ; ; ; Ficure 4: Structural parameters for CBM10. (a) Distribution of
X-PLOR energy and NOE violations. The first 21 models NOE restraints by residue. From bottom to top, in decreasing

had a very similar energy and had no more than two NOE 5 cxness, intraresidue, sequential, short-rarige §| < 4), and

violations per structure of greater than 0.5 A and were |ong-range. (b) Root-mean-square differences from mean structure

selected to represent the solution structure of CBM10. In for backbone atoms (solid) and all heavy atoms (dashed). (c)

this ensemble, the largest NOE violation was of 0.67 A, and Angular order parameters of backbope(solid) andy (dashed)

the largest angle violation was of .6The average structure angles. The bars across the top of the Figure represent the locations
. of f-sheets, and the striped box taehelix.

was calculated from these 21 structures (by selecting the

lowest energy structure and superimposing the remaining 20ture. A randomly selected set of five structures and the

on this one) and was subsequently subjected to restrainedaverage structure have been deposited with the Protein Data

energy minimization to yield the minimized average struc- Bank (PDB codes 1CT7 and 1QLD, respectively).

No. of NOEs

RMSD (A)

©
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Ficure 5: Backbone structure of CBM10, shown as a stereo diagram of the 21 selected structures. The superposition used the backbone
atoms (N, @, C) of residues in regular secondary structure elements (residu®4,22-25, 28-37, 43-46).

Table 1: Structural Statistics for the Family of 21 Calculated
Structures of CBM10 and the Minimized Averaged Structure

[CBM103 CBM10ay-min?
rmsd from experimental restraints

distance restraints, 682 (&) 0.067+ 0.0021 0.059
dihedral restraints, 69 (deg) 1.39+ 0.56 1.01
rmsd from idealized covalent geometry
bonds (A) 0.005t 0.0 0.005
angles (deg) 0.9 0.012 0.81
impropers (deg) 0.72 0.035 0.62
X-PLOR energies (kcal mot)
Etotal 422.33+ 15.5 343.8
Erepel 435+8.1 46.5
Enoe 153.8+ 9.3 119.9
Ecdin 9.3+7.4 4.3
Epond 221+ 2.0 16.7
E,ang'e 1g§'gi gg 12%'(73 FIGURE 6: Secondary structure of CBM10, shown using MOL-
mproper : " ' SCRIPT 7). The three coplanar aromatic rings are shown in ball-
_ Ramachandran analysis and-stick representation, and the other aromatic rings in the protein
most favored region (%) 62.9 56.4 are shown as bonds. The two disulfide bridges are also shown.
additionally allowed regions (%) 34.6 41.0
generously allowed regions (%) 2.6 2.6 ) -
disallowed regions (%) 0.0 0.0 Table 2: Hydrogen Bonds Present in the NMR Ensemble
precision analysis: rmsd to mean structure donor acceptor donor acceptor
backbone atoms, secondary 0.334+0.08 A GIn4 Vvala6 Glu2s Arg28
structure (residues-37, Cys5 Tyrl2 Arg28 Glu2s
10-13,22-25, 28-31, Asné Gly44 Cys30 Gly23
33—37 and 43-46) Trp7 Thr10 lle31 Pro13
all heavy atoms, 0.78+0.11 A Thr10 Trp7 Ala32 Gly21
secondary structure Tyrl2 Cys5 Cys36 Ala32
backbone atoms, residues 26 0.41+ 0.15 A Leuld GIn3 Ala37 Arg33
all heavy atoms, residues-26 0.80+ 0.12 A Cys15 lle31 Gly44 Asn6
a[CBM10 [] ensemble of 21 structures; CBMdGnin, Minimized Gly23 Cys30 Valde Gin4

average structuré.A total of 277 intraresidue, 143 sequential, 65
medium-range, 145 long-range, 16 ambiguous NOEs and 18 pairs of Residues 1720 form a helical (Type I/Ill) turn. The
H-bond restraints® 39 ¢ and 30y, dihedral restraints. backbone hydrogen bonds identified in the protein are listed
in Table 2. These hydrogen bonds are limited to those
Structural statistics for the ensemble are given in Table 1, expected from the secondary structure, except for Cys15
and the ensemble is shown in Figure 5. lle31 and lle31Prol3. Experimental data suggest that Arg33
Description of the StructureThe structure of CBM10  HN is also hydrogen bonded. In almost all structures, it is
consists of fivep-strands, organized as two antiparallel within hydrogen-bonding distance of Thrl9Qand it is
sheets, one of three strands (residueg 310-14, and 43- likely that this hydrogen bond is formed in solution, although
46) and one of two (residues 225 and 28-31), roughly it was not included in the restraint list. Most of the structure
perpendicular to the first sheet (Figure 6). The structure alsois well-defined (Figure 4), except for the two termini and
contains a short stretch aef-helix, from residues 3337. the loop between the helix and strand 5, which is facing away
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Ficure 7: Overlay of CBM10 with theB. subtilis cold-shock protein, showing backbone atoms as a stereoview. CBM10 is shown in
thicker lines, and the liganding aromatic rings are indicated. For clarity, only the structurally similar regions of the cold-shock protein are
indicated, together with the two phenylalanine residues that form the binding site, which are on the lower left of the figure.

from the cellulose-binding site (Figure 6). The structured part Bacillus subtilis(27, 28). This is an interesting result, because
of the domain therefore consists of, approximately the 45 this protein is a member of the oligonuceotide/oligosaccha-
residues, residues—26. The protein is stabilized by two ride binding (OB) fold 29), a family that includes staphy-
disulfide bridges and is essentially unchanged at temperaturesococcal nuclease3Q) and a number of toxins3(—33) and
up to at least 50C, as judged by NMR spectra. is found in both eukaryotes and prokaryotes. The OB fold
The protein has a hydrophobic core, consisting of residueshas a five-strandef-sheet coiled to form a closgttbarrel,
Trp7, Leuld, and lle31. These residues are well-defined in capped by am-helix between the third and fourth strands.
the NMR ensemble. The protein has an unusual distribution All OB fold proteins have the ligand-binding site in the same
of aromatic amino acids, with all the aromatics at one side region, at the loops between strands 1 and 2, strands 4 and
of the protein (Figure 6). The close contacts made by 5, and strand 4 and the heli29). A comparison of secondary
aromatic residues mean that some NMR signals are stronglystructure elements showed that fiisheet residues overlay
shifted from their random coil positions. In particular, the with an rmsd of 1.77 A (i.e. residues 483, 28-31, 55~
resonances from lle31 side chain, Tyr&Idide chain, and 64, and 8-10 of the PDB structure of the cold-shock protein
Trp22 side chain are shifted markedly upfield. These shifts 1mjc with residues 27, 10-13, 22-31, and 4446 of
are readily explained by the close proximity of aromatic rings CBM10) (Figure 7). This is a low rmsd and would normally
in the structure and allow a high degree of confidence in indicate homologous proteins. However, there is no sequence
the orientation of the aromatic rings. similarity between the two proteins (including disulfides and
The quality of the structure has been further evaluated key aromatics), and the binding sites of the proteins are on
using PROCHECK-NMR, which suggests that the quality different faces. Moreover, the C-terminabktrand of CBM10
is good @4). An analysis of thep/y distribution (Table 1) corresponds structurally to the N-terminal strand of the cold-
shows that 2.6% of residues are in the generously allowedshock protein. We therefore suggest that despite the strong
region. However, these represent exclusively Tyr8, which structural similarity and common function, these two proteins
hasgp ~ 32°, y ~ 28°. This residue is one of the three are not evolutionarily related, and the structural similairity
aromatic residues forming the presumed cellulose-binding is due to convergent evolution.

site and occupies a loop betwegsstrands 1 and 2 (Figure In light of the structure of CBM10, it is instructive to
6). Its unusual conformation is therefore presumably related compare the sequences of family 10 CBMs (Figure 1). Of
to its functional importance. the completely conserved residues, the four cysteines are

DISCUSSION s?rut.:turally. important and. Trp22 is the centrall ceI!uI_ose—
binding residue, as shown in the following paper in this issue
The structure of CBM10 consists largely gfsheet, in (25). Gly9, Gly21, and Gly44 all have positiyeangles and
common with those of the other CBMs determined to date. would therefore be energetically costly to replace with any
As expected for a domain that binds crystalline cellulose, other residue. Trp7 and Leul4 form part of the hydrophobic
the domain has three aromatic residues (Tyr8, Trp 22, andcore. Surprisingly, thecis-Pro, Pro42, is not completely
Trp24) that are exposed and approximately coplanar and wellconserved, although when it is replaced, it is replaced by a
placed to interact with cellulose. In the following paper in glycine. The most interesting conserved residues are Thr10,
this issue 25), it is demonstrated that these residues are Tyrl2, Ser29, and GIn39. These residues (together with the
indeed the residues that bind to cellulose. A comparison of almost completely conserved residues GIn27 and Arg28) are
this domain with that of the other CBMs known shows no all on the surface of the protein, close to the three aromatic
similarity in three-dimensional structure other than the residues that bind to cellulose. CBMs generally interact with
general features given above. their ligands via hydrophobic stacking of the exposed
A search for similar protein folds was conducted using aromatic rings, together with some specific hydrogen bonds
the program DALI 26), which showed that the structure has (9). Thrl0, Tyrl2, Ser29, and GIn39 would be good
high similarity with the major cold-shock protein from candidates for residues that hydrogen bond specifically to
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the substrate. Trp7 Npoints directly toward the substrate

and could also be involved in hydrogen bonding, even though
the rest of the residue forms part of the hydrophobic core.

Two of the family 10 CBMs (XynE an€ellvibrio mixtus
XynA) have two extra cysteines at the N- and C-termini.

From the structure, it is clear that cysteines at these positions

could form a disulfide bridge with no conformational strain.
Interestingly, both Trp24 and Tyr8 can be replaced by

other aromatics (Tyr and Trp respectively), despite their

likely involvement in cellulose binding. A similar substitution

occurs in the family 1 CBMs, where Trp ifirichoderma
reeseiendoglucanase EGI is replaced by TyrTinreesei
cellobiohydrolase CBH1, with a loss in binding affinity4).

It is relevant that in Pf Xyn10A the family 2a CBM binds
roughly six times more strongly to crystalline cellulose than
does the family 10 CBM and that deletion of the CBM10
results in no measurable change in overall affinit$)( In

other cellulases, it has been shown that the catalytic activity

is proportional to the binding affinity, providing an obvious
rationale for the presence of CBM&5, 35, 36). Clearly,

the

enzyme close to cellulose, because this is done more

prime function of CBM10 is not merely to attach the

efficiently by the family 2 CBM. It is therefore likely that
CBM10 has a function either in binding heterogeneous
substrates or in assisting the catalysis indirecil§).(
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