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Abstract

Endoglucanases are enzymes that play an important role in hydrolysis of lignocellulose by attacking glycosidic
linkages in cellulose fibers and other glucans. The cellulose binding module (CBM) is responsible for binding
the enzyme to the substrate. However, CBMs in certain enzymes interfere with substrate hydrolysis resulting in
moderate or low activity. In a previous study, the processive endoglucanase TbCell12A including its CBM had
low activity towards carboxymethyl cellulose (CMC). To assess the effect of the CBM, the catalytic domain
of TbCel12A was produced without the CBM. The TbCel12A catalytic domain without the CBM hydrolyzed
CMC 23 times more rapidly, while the pH and temperature optima and thermotolerance remained unchanged
compared to full-length TbCel12A. Therefore, TbCel12A does not require the CBM for CMC hydrolysis and
its application may be improved without it.

Keywords: Bio circular green economic (BCG), Biorefinery, Cellulase, Cellulose binding module, Endoglucanase,
Enzyme engineering
1 Introduction dioxide, methane, and nitrous oxide. In the Conference
of the Parties in 2021 (COP26), many countries

Climate change is a global community problem, which
is caused by emissions of greenhouse gases (GHGs).
The main sources of GHGs emissions are industries
and transportation [1]. Much of the world relies on
petroleum as the primary source for energy production
to serve manufacturing and transportation which
are the main drivers of the economy [2]. The use of
petroleum releases key GHGs, which are carbon

announced the plan to achieve carbon neutrality by
2050 and net-zero greenhouse gas emissions by 2060
[2]. In order to achieve the goals, bio circular green
economic (BCG) model was introduced [3]. The BCG
model is designed to reduce inappropriate management
of agricultural waste and efficiently utilize it for the
sustainable production of biofuels, platform chemicals
and high value-added products, which is in accordance
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with the sustainable development goals (SDG) of
United Nations [4]. This is an ideal circumstance for
countries, such as Thailand which is a key agricultural
supplier and thus produces tons of agricultural wastes
annually. Traditionally, biomass is burned to produce
GHGs so converting it to biofuel is desirable, but
it is difficult to compete with petroleum fuel since
production cost of biofuel is higher and has required
government subsidization [5]. Besides converting
to biofuel, biomass can be converted into higher
value products via biorefinery [6]. The products from
biorefinery such as furfural and lactic acid can be used
as platform chemicals in downstream industries to
produce higher value products [7].

Lignocellulose, the most abundant biomass, is
a complex structure of cellulose, hemicellulose, and
lignin. The cellulose and hemicellulose are wrapped
in layers of the aromatic polymer lignin, which acts
as a protective layer [8]. Lignocellulose digestion
by cellulases or microorganisms suffers from lignin
recalcitrance which reduces glucose yield [ 7]. Therefore,
chemical pretreatment is introduced to efficiently
remove lignin and hemicellulose while keeping
cellulose intact for enzymatic hydrolysis [7].

Cellulases are a group of enzymes responsible
for converting cellulose into monosaccharides. -1,4-
Endoglucanase randomly hydrolyzes cellulose into
short chain oligosaccharides, B-1,4-exoglucanase or
cellobiohydrolase attacks cellulose ends and releases
cellobiose, and B-glucosidase is responsible for breaking
down cellobiose and other oligosaccharides into
glucose [9]. Monosaccharides such as glucose are
not only used for biofuel production but can also be
submitted to biorefinery to produce a wide collection
of marketable chemicals [6].

Cellulases with thermotolerance or alkaline pH
optima can be applied in major industries, such as
food and beverages, textiles, animal feed, and biofuels.
Moreover, cellulases are widely used in natural product
extraction to digest cell walls and facilitate the release
of active compounds [10]. The use of cellulases in
combination with proteases has been shown to increase
extraction yield compared to chemical extraction [11],
[12].

Endoglucanases which play parts in hydrolyzing
cellulose can be categorized into non-processive
and processive types [13]. The processivity involves
endoglucanase absorbing onto the substrate during

hydrolysis, which is crucial for hydrolyzing crystalline
cellulose [14]. Most endoglucanases consist of a
catalytic domain, which is responsible for biomass
hydrolysis, linked by a flexible peptide to a cellulose
binding module (CBM) [15]. Numerous CBMs have
been identified and classified into 97 families based on
amino acid sequence similarities [16]. The functional
role of the CBM is to assist in binding and hydrolyzing
substrates, which comprise of homogenous and
heterogenous polysaccharides, especially insoluble
substrates, by holding the enzyme in proximity to
the substrate, targeting specific substrate regions and
sometimes disrupting the substrate structure [17],
[18]. However, the CBM may not be crucial for the
hydrolysis of soluble substrates by endoglucanases.
For instance, CelSL, EG5C-1 and GsCelA are
glycoside hydrolase family 5 (GH5) endoglucanases
that demonstrated increased carboxymethylcellulose
(CMC) hydrolysis after removal of CBMs at their
C-termini [19]-[21].

A previous study on TbCell12A, a thermophilic
processive endoglucanase with a CBM, showed a low
hydrolysis rate towards CMC [22]. For that reason, the
catalytic domain of TbCel12A (CATy,,;) Was produced
without the CBM to assess whether removing the
CBM increases substrate hydrolysis and how it affects
thermophilicity and function of TbCell2A in the
current study.

2 Materials and Methods
2.1 Protein sequence analysis and homology modeling

The amino acid sequence of TbCell2A (Genbank
accession number QPB77271.1) was aligned to those
of thermophilic endoglucanases from Acidothermus
cellulolyticus (PDB code 7TMKS), Aspergillus fischeri
(PDB code 6K98), Bacillus lichenformis (PDB code
2JEM), Streptomyces lividans (PDB code 2NLR), and
Streptomyces sp. (PDB code 10A4) by the Clustal
Omega multiple sequence alignment program on the
European Bioinformatics Institute (EBI) website to
identify the catalytic domain and CBM [23], [24]. The
amino acid sequence of the putative CBM was further
analyzed by SMART to determine the catalytic domain
and CBM [25].

The cellulose binding module of TbCell2A
(CBMyyce)) was modeled with CBM2a of C. fimi as
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a template (PDB code 1EXG) in Alphafold2 at the
Alpha-Fold Google Colaboratory [26], [27]. Pymol
[28] was used to superimpose the homology model
of CBM ¢, onnto the structure of CBM2a (PDB code
1EXG) and CBM2b (PDB codes 1XBD) of C. fimi
to analyze and compare the substrate binding amino
acids.

2.2 Gene synthesis and cloning

The amino acid sequence of CAT -, was submitted
to Genscript (Piscataway, New Jersey, USA.) for gene
synthesis with Escherichia coli codon optimization
and cloning into pET32a (Novagen, Merck KGa,
Damstadt, Germany) between the Ncol and Xhol
restriction sites.

2.3 Recombinant protein production and purification

The pET32a/CAT ¢ €xpression plasmid was
introduced into Origami B(DE3) for expression and
purification of recombinant CATy, ., as previously
reported for the full-length TbCell2A protein [29].
Full-length TbCel12A was produced and purified as
previously described [22], [29]. Briefly, the expression
construct was transformed into competent Origami
B(DE3) cells (Novagen, Merck KGa) and selected on
LB agar containing 50 pg/mL ampicillin, 15 pg/mL
kanamycin, and 12.5 pg/mL tetracyclin. A single
colony was selected, grown, and induced for expression
with 0.2 mM IPTG. After overnight expression, E. coli
cells were collected by centrifugation. Collected cells
were lysed by lysis buffer [29]. The cell suspension
was centrifuged to separate the supernatant from the
cell debris. The supernatant containing recombinant
CATrqyce Was transferred to a new tube and incubated
at 60 °C to precipitate E. coli proteins and centrifuged.
After centrifugation, recombinant CAT ., was purified
by immobilized metal affinity chromatography
(IMAC) using IMAC Sepharose 6 Fast Flow resin
(Cytiva, Marlborough, MA, USA). The purity of
purified TbCell12A was assessed by 12% SDS-PAGE.

2.4 Characterization of CAT
For convenience, a colorimetric assay was used for

studying general enzymatic properties that are not
specific to polysaccharide hydrolysis. Enzyme activity

was determined by hydrolysis of 1 mM p-nitrophenyl
(pNP) -cellobioside (pNPC) in 50 mM sodium acetate
pH 5.5 at 60 °C for 30 min, unless otherwise stated.
The enzyme activity was stopped by adding 1 volume
of 2 M sodium carbonate and absorbance at 405 nm
was determined. The optimum pH of recombinant
CATqpc was determined by incubating 10 pg
enzyme and 1 mM pNPC in Mcllvaine buffers from
pH 3-8 for 30 min before stopping [30]. The optimum
temperature of CAT 1, Was determined by incubating
10 pg enzyme and 1 mM pNPC in Mcllvaine buffer
pH 5.5 at 35-85 °C in 5 °C increments for 30 min
before stopping the reaction as described above. The
enzyme activity assays were performed in triplicate.
The average enzyme activity and standard deviations
were determined and plotted on a graph using Prism
(GraphPad Software, Boston, MA, USA).

2.5 Thermostability of CAT .,

The thermostability of CATy,, was determined by
incubating 10 pug enzyme in Mcllvaine buffer pH 5.5 at
50-80 °C for 30 min and determining enzyme activity
at 60 °C, as described in section 2.4.

2.6 Tolerance to heavy metals

The tolerance of CATq,., to heavy metals was
evaluated by incubating 10 pg enzyme in 1 mM pNPC
reaction containing 5 mM of heavy metals Co**(CoCl,),
Cu*'(CuS0,), Hg*" (HgCl,), K" (KCl), Fe** (FeSO,),
Mg*" (MgCl,), Mn** (MnCl,), Ni*" (NiSO,), or Zn*"
(ZnS0O,) for 30 min. The reactions were stopped
by adding 1 volume of 2 M sodium carbonate and
absorbance at 405 nm was determined.

2.7 Tolerance to alcohols

The tolerance of CATr,, to ethanol and methanol was
determined by incubating 10 pg enzyme in 1 mM pNPC
reactions containing 0—50% (v/v) alcohol for 30 min.
The reactions were stopped with 2 M sodium carbonate
and the absorbance at 405 nm was determined.

2.8 Carboxymethyl cellulose (CMC) hydrolysis

The activities of CATy,, and full-length TbCel12A
towards carboxymethyl cellulose were determined by
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Figure 1: Sequence analysis of TbCel12A. (a) Multlple sequence alignment of TbCel12A and thermotolerant
endoglucanases from Acidothermus cellulolyticus (PDB code 7TMKS), Aspergillus fischeri (PDB code 6K98),
Bacillus lichenformis (PDB code 2JEM), Rhodothermus marinus (PDB codes 2BWS), Streptomyces lividans
(PDB codes 2NLR), and Streptomyces sp. (PDB code 10A4). The black arrows indicate catalytic amino acids
and filled triangles indicate substrate binding amino acids. (b) Domain arrangement of TbCel12A by SMART
analysis. The amino terminus of TbCel12A contains the catalytic domain which is linked to a CBM2a domain
at the carboxylic terminus by a flexible peptide linker. (¢) The amino acid sequence of CBMy, ., was aligned to
CBD,,, from C. fimi (PDB code 1EXG) and CBM2b of Xyn10A (PDB code 1XBD). Black triangles indicate
aromatic amino acids involved in substrate binding. The white triangle indicates the tryptophan of the CBM2a
cellulose binding module that lies parallel on the CBMa surface, but in CBM2b xylan binding module is

perpendicular to the CBMb surface.

incubating 10 pg enzyme in 1% (w/v) CMC in 50 mM
sodium acetate buffer pH 5.5 for 60 min. The amount of
reducing sugar was determined by 3,5-dinitrosalicylic
acid (DNS) assay [31].

3 Results and Discussion
3.1 Protein sequence analysis

Protein sequence analysis showed that CATy,c, is
closely related to endoglucanases of S. lividans (PDB
code 2NLR) and Streptomyces sp. (PDB code 10A4)
with 54.94% and 54.75% amino acid sequence identity,
respectively (Figure 1). Glutamates 109 and 138
were conserved with the catalytic amino acids among
glycoside hydrolase family 12 endoglucanases. The
amino acids that are responsible for substrate binding

are also conserved among the enzymes.

Analysis of TbCel12 A amino acid sequence using
SMART showed that full length TbCel12A comprises
a catalytic domain, from Gly17 to Gly225, a flexible
peptide linker from Gly226 to Ala250, and a CBM2a
domain from Cys251 to Cys350 (Figure 1). The domain
arrangement of TbCell2A coincides with a small
number of GH12 enzymes containing a CBM in which
the catalytic domain is connected to a single CBM2
domain at the carboxyl terminus by a short peptide
linker. Multiple sequence alignment of the CBM ¢,
and CBM2a, and CBM2b of Cellulomonas fimi (PDB
code 1EXG) showed that they share approximately
55% identity (Figure 1). The amino acid sequence of
CBM ¢ sShowed roughly 50% or less similarity with
other CBM2, which is normal because CBMs have
diverse amino acid sequences [18].
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peptide linker

CBM2a

Catalytic
(a) domain

Figure 2: Homology model of full-length TbCel12A containing a catalytic domain which is linked to a CBM2a
domain by a flexible peptide linker (a). Superposition of CBMy, ., homology model (red) onto the C. fimi CBM2a
(PDB code 1EXG) and C. fimi CBM2b (PDB code 1XBD) crystal structures, which are shown in blue and
yellow, respectively (b). Trp17 of C. fimi CBM2a and Trp260 of CBMy,, is parallel while the corresponding
Trp259 of C. fimi xylanase is perpendicular on the CBM surface.

3.2 Analysis and comparison of ThCell2A CBM
homology model

There are several structural folds of CBM, which
can be broken into 3 types according to their binding
mode: type A presents a flat surface to bind to insoluble
polysaccharide surfaces, type B has a groove to bind
to soluble fibers, and type C binds specifically to a
small group of monosaccharides [18]. The structure of
CBMyyc 1s canonical B-jelly-roll as found in all CBM2
family members (Figure 2). The CBM2 family contains
both type A (CBM2a) and type B (CBM2b) structures.
Amino acid sequence alignment of CBMy, ., with
CBM2 domains from C. fimi endoglucanase and
xylanase showed that CBMy,,, has conserved aromatic
amino acids (Tyr255, Trp260, Trp281, Trp297 and
Tyr315), which structurally correspond to five
tryptophan residues of the insoluble cellulose-binding
type A CBM CBDcex [32], and tryptophan and
tyrosine residues in CBM2a of endoglucanase D
(EngD) [33], as shown in Figure 1C. Aromatic amino
acids play major roles in the binding of CBM to
insoluble substrates, as their dispersed pi electrons
interact favorably with the weakly polarized axial
hydrogens on the faces of sugar rings [18]. A structural
comparison of CBM2a and CBM2b shows that
Trp260 of CBMy, and Trpl17 of CBD,,, of CBM2a

cex

are specific to cellulose because they lie flat on the
CBM surface to interact with the flat surface of
crystalline cellulose [Figure 2(b)]. The corresponding
Trp259 of Xyl10A xylanase CBM2b, which is
specific to xylan, is perpendicular to the CBM
surface, where it helps to form a groove for xylan
fiber binding [34]. This is due to the presence of
arginine at residue 262 in Xyl10A vs. glycine in
this position in CBM2a proteins since the R262G
mutant of CBM2b lost xylan binding activity and
gained cellulose binding [34]. As seen in Figure 1(c),
CBMyy¢ has glycine (G) in the corresponding position
in addition to the conserved aromatic residues found
in CBM2a, it appears to be a type A CBM. Since type
A CBMs enhance binding to insoluble polysaccharide
but not to soluble polysaccharides [18], the effect
of its removal on the hydrolysis of soluble CMC
polysaccharide was explored.

3.3 Engyme expression and extraction

Recombinant CAT ¢, Was produced in E. coli strain
Origami B(DE3) with an N-terminal thioredoxin and
His, fusion tag. The expressed TbCell12A catalytic
domain was purified from other proteins and had a
molecular weight of 45 kDa (Figure 3). Inducing
protein expression with 0.2—-0.6 mM IPTG produced
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Figure 3: Recombinant CATy,,, that was purified
by immobilized metal ion affinity chromatography
(IMAC) and separated on 12% SDS-PAGE. Lane
M : low molecular weight protein standards, lane 1
: soluble proteins from bacteria expressing original
TbCel12A, lane 2 : full-length TbCel12A purified by
IMAC, lane 3 : soluble proteins of bacteria expressing
CATqye induced with 0.2 mM IPTG, lane 4 : purified
CATqyee from bacteria induced with 0.2 mM IPTG,
lane 5 : soluble proteins of bacteria expressing the
CATqye induced with 0.4 mM IPTG, lane 6 : purified
CATqye from induction with 0.4 mM IPTG, lane 7 :
soluble proteins of bacteria expressing CAT ¢y
induced with 0.6 mM IPTG, lane 8 : purified CAT
from induction with 0.6 mM IPTG.

an active enzyme. The optimal IPTG concentration
for protein expression induction was 0.2 mM, which
produced an enzyme that showed the highest specific
activity towards pNPC. An obvious contaminant was
seen in the purified protein at approx. 31 kDa, which
does not correspond to the mass of any of the common
E. coli proteins that co-purify by IMAC [35] and was
too large for protein that had lost its thioredoxin-fusion
tag or for the tag itself. The 31 kDa protein could likely
be inactive CATy,, that was cleaved in the middle by
a protease during protein extraction, which would lack
one of its catalytic residues.

3.4 Characterization of recombinant ThCell2A

The CATyy had optimal conditions of pH 5.5 at 65 °C
(Figure 4). The optimal temperature of the catalytic
domain remained the same as the full-length enzyme
[22]. The CAT ‘s optimal pH of 5.0-5.5 of is a
common range seen in glycoside hydrolases [15]. The
optimal temperature of CAT . at 65 °C is higher than
certain fungal endoglucanases at 40 °C [15] and it
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Figure 4: Determination of the optimum working
temperature (a), pH (b), and thermotolerance (c) of
CAT - Temperatures were varied for reactions in
Mcllvaine buffer, pH 5.5, CAT,,, was incubated for
30 min at the specified temperature. Thermotolerance
of CATy,, was assayed by incubating the enzyme
at the specified temperatures for 30 min followed by
determining activity towards pNPC in 30 min reactions
under optimum conditions.
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coincided with that of GuxA, a GH12 endoglucanase
from the thermophilic bacterium A. cellulolyticus,
with optimal temperatures at 75 °C [36]. Clearly, the
CBM does not play a role in determining the pH and
temperature optima of the catalytic domain, consistent
with its independent role in binding insoluble substrate
[18].

3.5 Thermostability of recombinant CAT,,,

The thermostability of CAT, ., showed that it retained
80% activity toward pNPC between 50-70 °C and
the activity drastically decreased at 80 °C (Figure 4).
The thermostability of the catalytic domain alone
was observed in Cel5A and Cel5L studies. The native
Cel5a and Cel5a-CBMG6 fusion protein remained fully
active at 80 °C for 16 h [37]. Furthermore, Cel5SL-p35,
a catalytic domain lacking CBM, retained 20% relative
activity at 70 °C after 1 h, while Cel5L-p50 containing
a CBM3 domain lost nearly all activity after 40 min
of'incubation [21]. Therefore, CBMs may not increase
thermostability of certain endoglucanases.

3.6 Tolerance to heavy metals

Previously, it was shown that full-length TbCell2A
could tolerate certain metal ions, but was not tolerant
of Hg*', Fe*" and Cu®" [22]. When incubating with the
same metal ions, CAT ., showed the same activity
profile as full-length TbCel12A (Figure 5). Manganese
enhanced enzyme activity, Co®", K, Mg”’, Ni*', and
Zn** slightly decreased enzyme activity by less than
one-fifth, and Cu*" and Fe*" inhibited enzyme by
one-third and two-thirds, respectively. Hg** completely
inhibited enzyme activity, which is common in
glycoside hydrolase enzymes [38]. The effects of metal
ions were studied in the GHS endoglucanase CelSL,
in which the full-length enzyme and the catalytic
domain (Cel5L-p35) had the same activity profile in
5 mM metal ions [21]. Divalent ions can either promote
or inhibit endoglucanase activity by redox effects on
amino acids [39]. Cobalt slightly inhibited CAT
but drastically inhibited Cel5L-p35 activity to 60%.
The activity of CATy Was slightly inhibited by K,
Mg*', and Zn*". This was the opposite of the effects
on Cel5L-p35 in which enzyme activity was increased
up to 117% by K and Mg®* but was not affected by
Zn**. Copper ion greatly enhanced Cel5L-p35 activity

110+ M
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07— T o S N R R
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S EFE %\ SEEW
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O Full-length TbCel12A B CAT e

Figure 5: The comparison of relative activities
between full-length TbCell12A and CATy in the
presence of metal ions. The full-length and CATq,
activities towards pNPC were determined in the
presence of metal ions at optimum conditions.

Relative Activity

to 140% but drastically reduced CAT,,, activity to
30%. Manganese promoted activity of CATqyc, to
105% but inhibited Cel5L-p35 by 50%. It is clear that
metal ion effects on activity in this assay only reflect
the catalytic domain and attachment to the linker and
CBM did not affect them.

3.7 Tolerance to alcohols

Cellulolytic enzymes are used in saccharification
of biomass, in which solvents may be left from
pretreatment, while simultaneous saccharification and
fermentation is another application in which alcohol
builds up over time [40]. So, it was of interest to see
whether the CBM affected tolerance to alcohol.

The activities of CATq,c, and full-length
TbCel12A were not affected by methanol and ethanol
at 10% (v/v). At 20% (v/v), ethanol inhibited the
enzyme activity by 50%, while methanol did not.
At 30% (v/v), ethanol almost completely inhibited
CATqyq activity. This was superior to endoglcanase
from A4. niger, which relative activity sharply dropped
to 60% at 10% (v/v) ethanol and 45% at 16% (v/v)
ethanol [41]. Methanol at 30% (v/v) sharply suppressed
CAT . activity to one-fifth and enzyme activity was
completely inhibited at 40% (v/v), as shown in Figure 6.
Increasing concentrations of alcohols can form
interactions with hydrophobic side chains of amino

T. Kuntothom et al., *
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Figure 6: Relative activity comparison of full-length
TbCel12A and CATy,, in the presence of various
concentrations of ethanol and methanol. The CAT ¢,
activity for pNPC was determined in sodium acetate
buffer pH 5.5 containing 0—-50% (v/v) ethanol or
methanol at 60 °C for 30 min.

CATrpcel

acid causing disruption of protein tertiary structure,
precipitation, and loss of enzyme activity [42].

3.8 Carboxymethyl cellulose (CMC) hydrolysis

The activities of full-length TbCel12A and its catalytic
domain towards CMC were determined. It was found
that CATy,, had a CMC hydrolysis rate 23 times
higher than the full-length enzyme (Figure 7).
Increased enzyme activity resulting from removal of
the CBM was also found in Cel5L, EG5C, and GsCelA
endoglucanases, for which the truncated enzyme
lacking the CBM had increased activity towards
substrate without losing thermostability [16]-[18]. For
GsCelA, truncation of the C-terminus by 60 amino
acids resulted in an increase of about 2.5-fold in activity

[
=
]

O Full-length TbCel12A
B CATppce

[
=]
1

p—
>
1

Relative Activity

0-
Figure 7: Relative activity comparison of full-length
TbCel12A and CATyy, towards carboxymethyl
cellulose (CMC). The enzymes were incubated with
1 (%w/v) CMC at pH 5.5 and 60 °C for 60 min and
then the amount of reducing sugar was determined by
DNS assay.

on CMC and about 2-fold in activity on phosphoric
acid swollen cellulose (PASC). This part of the protein
was lost automatically upon storage and the authors
considered that release of the C-terminal CBM might
be part of the biological function of the domain. After
acting on an area of insoluble cellulose for some time,
the catalytic domain could be released in a more active
form to act on generated soluble fragments. However,
the authors only observed this auto-truncation in GH5
enzymes and not the GH12 endoglucanase that they
tested. The current report is the first to show that a
GH12 enzyme can be activated by removing its CBM.

Most of GH12 endoglucanase do not have
CBMs but are active towards substrates, therefore,
removing CBM from CATy,, does not decrease its
activity on soluble substrates [43]. Since the CAT ¢
did not lose thermostability or show other changes in
chemical tolerance or enzymatic properties, it is clearly
an improved enzyme for a breakdown of soluble
biomass. Future studies are needed to see whether
the C-terminal CBM is useful for breaking down
insoluble cellulosic biomass or whether a mixture of
TbCel12A with and without this domain would increase
saccharification of such insoluble biomass substrates.

4 Conclusions

TbCell2A, a thermophilic endoglucanase, was
analyzed for the cellulose binding module by NCBI
BLAST and sequence comparison to thermophilic
endoglucanases with experimentally resolved structures.
The catalytic domain of TbCel12A, CATpyc, Was
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identified as 221 amino acid residues at the amino-
terminal end and an expression construct encoding
this domain of TbCell2A without the CBM was
synthesized. The CAT .., was recombinantly
expressed to produce the active enzyme, which
CAT e retained the full-length protein’s optimum
temperature at 65 °C and optimum pH at 5.5. The
removal of the cellulose binding module increased
activity on CMC by twenty-three-fold. Compared to
full-length TbCell12A, and the CAT ., had similar
thermostability and tolerance to metals and alcohols,
compared to full-length TbCell2A. In this study, it
can be concluded that the CBM of TbCel12A was not
required for enzyme function on soluble substrates, as
shown by the activity of the catalytic domain alone.
Moreover, removing the CBM can increase enzyme
activity on CMC.
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