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Abstract Xylanase XynG1-1 from Paenibacillus campi-
nasensis G1-1 consists of a catalytic domain (CD), a
family 6_36 carbohydrate-binding module which is a
xylan-binding domain (XBD), and a linker sequence (LS)
between them. The structure of XynG1-3 from Bacillus
pumilus G1-3 consists only of a CD. To investigate the
functions and properties of the XBD and LS of XynGl1-1,
two truncated forms (XynGl-1CDL, XynG1-1CD) and
three fusion derivatives (XynG1-3CDL, XynG1-3CDX
and XynG1-3CDLX) were constructed and biochemically
characterized. The optimum conditions for the catalytic
activity of mutants of XynG1-1 and XynG1-3 were 60 °C
and pH 7.0, and 55 °C and pH 8.0, respectively, the same
as for the corresponding wild-type enzymes. XynGs with
an XBD were stable over a broad temperature (30-80 °C)
and pH range (4.0-11.0), respectively, on incubation for
3 h. Kinetic parameters (K,,, k..., k../K,,) of XynGs were
determined with soluble birchwood xylan and insolu-
ble oat spelt xylan as substrates. XynGs with the XBD
showed better affinities toward, and more efficient cataly-
sis of hydrolysis of the insoluble substrate. The XBD had

Y. Liu and L. Huang contributed equally to this study.

P< Fuping Lu
Ifp@tust.edu.cn

Key Laboratory of Industrial Fermentation Microbiology,
Ministry of Education, Tianjin 300457, China

Tianjin Key Laboratory of Industrial Microbiology,
Tianjin 300457, China

National Engineering Laboratory for Industrial Enzymes,
Tianjin 300457, China

The College of Biotechnology, Tianjin University of Science
and Technology, Tianjin 300457, China

positive effects on thermostability and pH stability and a
crucial function in the ability of the enzyme to bind and
hydrolyze insoluble substrate. The LS had little effect on
the overall stability of the xylanase and no relationship
with affinities for soluble and insoluble substrates or cata-
Iytic efficiency.

Keywords Xylanase - Carbohydrate-binding module -
Xylan-binding domain - Linker sequence - Enzyme
properties

Background

Xylanases (endo-1,4-p-d-xylanohydrolases; E.C. 3.2.1.8)
are key microbial enzymes for the degradation of the
backbone of xylan by hydrolyzing p-1,4-xylosidic link-
ages between two d-xylopyranosyl residues [12, 17, 24].
Xylanases have been found that contain a catalytic domain
(CD) and ancillary modules such as non-catalytic carbohy-
drate-binding modules (CBMs), which are present in many
types of glycoside hydrolase and are classified into dif-
ferent families based on amino acid sequence similarities
(http://www.cazy.org/). Parts of CBMs bind specifically to
long xylan chains and as such are defined as xylan-binding
domains (XBDs) [19].

Several xylanases are reported to have XBDs that affect
the thermostability of the enzymes and binding abilities
with insoluble substrates. For example, the absence of the
XBD resulted in a decrease in the thermostability of XynA
from Caldibacillus cellulovorans [20]. The XBD in XynX
from Clostridium thermocellum has been suggested to have
dual functions, thermostabilization and binding of xylan
[18]. The XBD and linker sequence (LS) (located between
the CD and XBD) from Thermomonospora fusca xylanase
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A have important roles in the binding and hydrolysis of
insoluble substrates [13]. In our previous work, we showed
that XynGl-1 from Paenibacillus campinasensis Gl-1,
isolated from a Chinese paper mill, consisted of a CD and
CBM6_36 [25]. This binding module, CBM6_36, con-
tained CBM36 and CBM6 in its general structure and was
primarily a xylan-binding CBM (i.e., an XBD) [8]. The CD
and XBD of XynGl-1 were linked together through LS.
XynG1-1 exhibited high stability at temperatures 70-80 °C
and across a wide range of pHs (pH 5.0-9.0), and a sig-
nificant binding ability with insoluble substrates. These
properties made XynG1-1 suitable for industrial purposes
such as bioethanol production and pulp bioleaching [26].
Meanwhile, another xylanase, XynG1-3, containing only
a single CD, was obtained from Bacillus pumilus G1-3
(TCCC11579). The construction of forms of xylanase in
which (1) XynGl1-1 is truncated to resemble XynG1-3, and
(2) an XBD and LS were fused to XynG1-3 to produce a
product that resembles XynG1-1 may provide new insight
into the structure—function relationship of xylanase.

In this study, XynG1-1 was truncated in the XBD and
LS, respectively. Then, the XBD, LS and XBD+LS were,
respectively, fused to the C-terminus of XynGl1-3. Two
wild-type (WT) xylanases, XynG1-1 and XynG1-3, and
five corresponding derivatives were investigated and com-
pared in depth to reveal the roles of the XBD and LS in
the thermostability, pH stability and catalytic activities of
xylanases.

Materials and methods
Plasmids, bacterial strains and growth conditions

Plasmid pET-22b(+) was preserved in our laboratory and
plasmids pET-XynGI-1 and pET-XynGI-3, respectively,
harboring XynGI-1 and XynGI-3 were obtained from our
previous work [25, 26]. Escherichia coli DH5«a and E. coli
BL21 (DE3) were conserved in our laboratory for vector
propagation and expression, respectively. Recombinant
strains were grown at 37 °C in Luria—Bertani (LB) broth
supplemented with ampicillin (Amp) at 100 g mL ™"

Construction of the recombinants

The plasmids pET-XynGI-1 and pET-XynG1-3 were used
as the main templates for PCR amplifications of DNA
sequences encoding mutant XynGs. The PCR primers
are shown in Table 1. XynGI-ICDL and XynGI-1CD
were amplified from plasmid pET-XynGI-I containing
the full-length XynGI-1 by general PCR with conditions
as follows: 95 °C for 5 min, followed by 30 cycles of
45 s at 94 °C, 45 s at 55 °C and 90 s at 72 °C, with a
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final extension for 10 min at 72 °C. The genes XynGI-
3CDX and XynGI-3CDLX were amplified by overlap-
ping PCR. Overlapping PCR was carried out with two
rounds of amplification. In the first round, full-length
XynG1-3 and the gene fragments encoding the XBD and
XBD+LS were amplified using corresponding primer
sets P1-P2 and P3-P4, respectively. In the second round,
corresponding primers P1 and P4 were used to amplify
XynG1-3CDX and XynGI1-3CDLX using the products of
the primary reactions as the templates. The overlapping
PCR conditions were the same as for general PCR. Gen-
eral PCR and the second round of overlapping PCR were
carried out using 7ag DNA polymerase (Tiangen, Hai
Dian District, Beijing, China) and high fidelity Pyrob-
est DNA polymerase (Takara, Japan) was used in the first
round of overlapping PCR. DNA fragments were digested
by HindlIll (Takara) and Xhol (Takara), and ligated into
pET22b(+4) previously digested with the same restriction
enzymes. The plasmids constructed were named pET-
XynG1-1CDL, pET-XynGI1-1CD, pET-XynGI-3CDX,
and pET-XynGI-3CDLX, respectively. Finally, XynGI-
3CDL was obtained by general PCR using pET-XynG1-
3CDLX as the template and plasmid pET-XynGI1-3CDL
was generated following the construction steps described
above. Subsequently, the recombinant plasmids were
transformed into E. coli DH5a for propagation. Then,
the isolated plasmids were checked by sequencing of the
inserted DNA fragments.

Expression and purification of the recombinant XynGs

Plasmids were transformed into the expression host E.
coli BL21. Transformants harboring the recombinant
plasmids were cultivated overnight in LB broth supple-
mented with Amp (100 g mL™") at 37 °C. Then, 2 %
(v/v) overnight culture was transferred into 50 mL of
LB broth (containing Amp 100 wg mL™') in a 250 mL
flask with constant shaking at 180 rpm for 2-3 h. Pro-
tein production was induced by the addition of IPTG to a
final concentration of 1 mM when the culture reached an
optical density of 0.8—1.0 at 600 nm, then cultures were
further cultivated with shaking at 100 rpm for 16-20 h
(20 °C) to express WT and mutant XynGs. The extracel-
lular proteins were collected by centrifugation at 4000x g
for 10 min and liquid supernatants were applied to Ni™
NTA agarose (Novagen, Madison, WI, USA) columns
equilibrated with buffer (300 mM NaCl, 50 mM sodium
phosphate, pH 7.0). Subsequently, WT and mutant
XynGs were eluted with a linear imidazole gradient of
20-150 mM in the same buffer. Enzyme purification was
evaluated by SDS-PAGE. Protein concentrations were
estimated by the Bradford assay (Bio-Rad) using bovine
serum albumin as a standard [2].



1593

J Ind Microbiol Biotechnol (2015) 42:1591-1599

KToATy0adsal ‘sa)Is [oy Y pue [[[PUlE SAIBIIPUL PIUIISPU[)

YDd [e1auan)

MDd Surdderroap

ADd SurddefzoaQ

YD [elauan)

ADd [eIouan)

YD [elauan)

¥Dd [e19u9D

\mﬂu
DLODOLODLLODDDIDLLOIDVOILIDID-S Td TADE-1DUAX
£-DIVVVOLVVIVVOIVLIVIIVVOVLIODVVIID-S Id
TADE-TOUAX

\m- O,H<
VOLOVIVVVIILILYDDIIDVOIIIDID- S vd XTADE-TDUAX
/£-DDDOODIVIIVOLLVIVIVYIVVIOOLIVLLLOLD-S €d
X1ADE-TOUAX
£-VOVVVIVVIIOLLOLLVLOLY VOLOOLYOIIDIDD-S Td
X1ADE-T1OUAX
£-DIVVVOLV VLIV VOOVLLVIIVVOVIIOOVVIOID- S Id
X1ADE-T1OUAX

£ DIV
VOLOVIVVVIIIOIVODIIDVOIIONDD S vd XADE-TOUAX
£-DIDOVVOILOVOVOIVOLOIVVIOOLIVLLLOLD-S €d
XADE-TDUAX
£-VIVVVIVVIIOLLODVILODLILIVOILLIOVILL-S °d
XADE-TOUAX
£-DIVVVOLVVIVVOOVLLVIIVVOVIIODVVIOID-S Id
XADE-TDUAX

£-DLIVOLIOVIVVVLIVVIIOLLODVDOIIDODIDS 7d € 1DOUAX
£-DIV
VVOLVVIVVOIVLLVIOOVVOVIIOOVVIID-S 1d € 1DUAX

/£-DLLIDIDILLYIVOVIOLIODVOIILIONID-,S ¢d ADI-1DULX
,£-VOVOIVVLILLOVILYOOVIIVYIOLLDOVVIOD-S Id
ad1-1Dukx

£-DLIDOLODLLODDDIDLLODDVOIIIONDD-S td
TADT-T1DUAX
,£-VOVOIVVLILLIVILYODVIIVVIOLLIOVVIOD-S Id
TADT-T1DUAX

/£- DIVVIILOVIVYVIILIIVOOIIDVOIILIDNID-S ¢d I-1DUAX

£ VOV
DOV VLILLOVIIVOIVIOVVIOILIDDVVIOID-S 1d 1-1DULX

X1dD¢-1oucx-14d

[-1oufx-19d pue ¢-oudx-1gd

[-1oucx-19d pue ¢-7oudx-19d

¢-roudx-19d

[-1oudx-19d

[-1oufx-19d

[-1oudx-19d

[-1DufX JO §7 ynm ¢-[oudy

[-1Dulx
JO §7 pue ggx pim £-rouky

[-TDULX Jo qgX Wim £-1ousyx

- 1oufx 1M

ST PUE qgx moyIm [-ouly

agx moynm [-rousy

[-1DUCX LM

T1ADE-1DulX

XTdDE-1DuX

XADE-Toulx

£-1ouky

ani-roudx

T1AD [-[DulX

[-1Dudyx

adKy ¥Dd

soouanbas pue siowLg

sorerduway,

suondirosaq

saureu duan)

uonedyIpow Je[ndsjow 10j srowd ‘sojejdwo) ‘suondriosop ‘soweu duan) | I[qEL,

pringer

A's



1594

J Ind Microbiol Biotechnol (2015) 42:1591-1599

Xylanase assay

The activities of recombinant XynGs were determined by
the amount of reducing sugar produced using the 3,5-dini-
trosalicylic acid method, with birchwood xylan (Sigma)
or oat spelt xylan (Sigma) as substrates [1]. The reaction
system consisted of 100 uL of 1 % (w/v) birchwood xylan
in sodium phosphate buffer (20 mM, pH 7.0), with which
100 uL of appropriately diluted enzyme extract was incu-
bated at 60 °C for 10 min. The reaction was ended by the
addition of 600 uL 3,5-dinitrosalicylic acid and then the
mixture was placed in a boiling water bath for 10 min. Con-
trol samples contained the same reagents except enzyme
and the same reaction steps were performed. Thereafter,
reaction liquid was cooled to room temperature and meas-
ured against the control at 540 nm in a spectrophotometer.
One unit of xylanase activity was defined as the amount of
enzyme that released 1 umol of reducing sugar from the
birchwood xylan or oat spelt xylan per minute under the
assay conditions. Each assay was performed in triplicate.

Characterization of recombinant XynGs

The optimum temperatures and pHs for activity of WT
and mutant XynGs were measured by assaying the xyla-
nase activities at different temperatures (40-80 °C) and
pHs (4.0-11.0). Sodium acetate buffer (pH 4.0-5.0),
sodium phosphate (pH 6.0-7.0), Tris—HCI (pH 8.0-9.0)
and glycine-NaOH (pH 10.0-11.0) were used as buffers
at the concentrations of 20 mM. The relative enzymatic
activity was calculated as a percentage of the maximal
activity.

For measuring thermal stabilities, the residual activi-
ties of XynGl-1s and XynG1-3s were determined at the
optimal pH after incubation for 3 h at temperatures rang-
ing from 30 to 80 °C. Similarly, to assess pH stabilities,
XynGl-1s and XynG1-3s were pre-incubated at various
pHs (pH 4.0-11.0) for 3 h in the absence of substrate, and
then the residual activities were measured at the respective
optimal temperatures. Residual activities were calculated
as percentages of the initial activities. The kinetic param-
eters K, k. and k_,/K,, of purified WT and mutant XynGs
were estimated from Lineweaver—Burk double reciprocal
plots of xylanase activities. The activities of XynGs were
measured using different concentrations (0.1-1.0 % w/v)
of birch xylan and oat spelt xylan (Sigma) as soluble and
insoluble substrates, respectively, in optimal reaction con-
ditions, for 10 min.

Computer modeling methods

To obtain the theoretical structures of WT and mutant
XynGs, models of XynGs were generated using the
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Swiss-Model server, with Bacillus sp. 41M-1 xylanase
J (PDB code: 2dcj) as the template. Three-dimensional
structures of WT and mutant XynGs were drawn using the
PyMOL molecular graphics system.

Results and discussion
Gene cloning and construction of expression vectors

Nucleotide sequence analysis confirmed that XynGl-1
consisted of 196 amino acids in the CD, 23 amino acids
in the LS and 119 amino acids in the XBD. XynG1-3 only
contained a 201-amino acid CD. Mutant xylanases genes,
i.e., XynGI-1CDL (657 bp), XynGI1-1CD (588 bp), XynG1I-
3CDL (672 bp), XynGI-3CDX (960 bp) and XynGlI-
3CDLX (1029 bp), were constructed by general and over-
lapping PCR. Figure 1 shows details of the modified gene
products and their nomenclature. The sequences of mutant
genes XynGI-3CDX, XynGI1-3CDLX and XynGI-3CDL
were uploaded to the NCBI databases and their accession
numbers in GenBank are JQ965923.1, JQ965922.1 and
JQ965924.1, respectively. The DNA fragments were cloned
into vector pET22b(+) to obtain plasmids pET-XynGI-
ICDL, pET-XynG1-1CD, pET-XynG1-3CDX, pET-XynG1-
3CDLX and pET-XynG1-3CDL.

Expression, purification and 3-D structure of XynGs

After confirming the mutant plasmids by DNA sequencing,
the vectors were transformed into Escherichia coli BL21
for protein expression. WT and mutant XynGs were puri-
fied by Ni>*-NTA affinity chromatography and purified
proteins and their molecular masses were assayed by SDS-
PAGE. The molecular masses of XynG1-1, XynG1-1CDL,
XynG1-1CD, XynG1-3, XynG1-3CDL, XynG1-3CDX and
XynG1-3CDLX banded on 12 % SDS-PAGE were 41, 25,
24, 24, 25, 40 and 41 kDa, respectively (data not shown),
which were close to the theoretical values. Purified XynGs
formed a single band with purity at least 95 %, respectively,
and were thus suitable for functional analysis.

To explore the differences between WT and mutant
XynGs, three-dimensional structure models of WT and
mutant XynGs were built using the Swiss-Model (http://
www.expasy.ch/swissmod/SWISS-MODEL.html) and
PyMOL molecular graphics systems with Bacillus sp.
41M-1 xylanase J (PDB code: 2dcj) as the template
(Fig. 2).

Characterization of XynGs

In the previous study, the characterizations of purified
XynGl-1 and XynG1-3 with his-tagged showed that it
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Fig. 1 Diagrammatic representation of the domains encoded by
gene products in this work. a Domain architecture and length of
XynG1-1 truncated derivatives. XynG1-1CDL was truncated in the
XBD of XynGl-1. XynG1-1CD was truncated in the XBD and LS
of XynGl-1. b Domain architecture and length of XynG1-3 con-

was similar to the purified XynG1-1 and XynG1-3 from
P. campinasensis G1-1 and B. pumilus G1-3 using the tra-
ditional purification method [culture filtrate, (NH4),SO,
precipitation, octyl-Sepharose, Sephadex G75] (data not
shown), respectively. These findings indicated that his-
tagged in our research would not affect either the catalytic
activities or stabilities of the enzymes.

As Fig. 3a, b shows, XynGl-1 and its variants dis-
played their highest activities at 60 °C and pH 7.0. Loss
of the XBD and LS had small, negative effects on enzyme
activities at higher or lower temperatures than this opti-
mum. Meanwhile, the activities of mutant XynGl-1s
were lower than that of the WT at alkaline pHs (Fig. 3b).
Thermostability assays showed that the residual activities
of WT XynG1-1 after 3 h of incubation at 60 and 80 °C
were 58 and 33 %, respectively (Fig. 3c). XynG1-1CDL
and XynG1-1CD lost their activities completely after 3 h
of incubation at 60 °C. Furthermore, the residual activ-
ity of XynG1-1CD decreased more than that of XynGl-
1CDL at 40 and 50 °C. On analysis of the effects of pH,
mutant XynG1-1s displayed not only their highest activities
but also high stabilities at pH 7.0, where they retained at
least 90 % of their maximal activity after 3 h incubation;
the mutant XynGI1-1s were less stable than the WT with
respect to treatment at acidic or alkaline pHs (Fig. 3d).

Optimum conditions for activity of XynGl-3s were
55 °C (Fig. 4a) and pH 8.0 (Fig. 4b). Assaying for ther-
mostability, XynG1-3 and XynGI1-3CDL retained no
activity after incubation at 60 °C for 3 h, while XynGl-
3CDX and XynG1-3CDLX retained around 10 and 16 %
residual activities, respectively (Fig. 4c). Thus, the XBD of
XynG1-1 had some positive effect on the thermostability of
XynG1-3, in accord with the results described above and in
Fig. 3 on truncation of XynGl1-1. In pH stability analysis,

XynG1-3CDX

XynG1-3COLX

1595
| c |
XynGI-3 (2”133)
o
XynG1-3C0OL § (224aa)

F—(32024)

Ne—
(343aa)

(b)

structed derivatives. XynG1-3 CDL was XynG1-3 fused with the LS
of XynGl-1. XynG1-3CDX was XynG1-3 joined with the XBD of
XynG1-1. XynG1-3CDLX was XynG1-3 fused with the XBD and LS
of XynGl1-1

mutant XynGs fused with the XBD showed enhanced sta-
bilities under alkaline and acidic conditions and showed a
wide pH tolerance between pH 4.0 and 11.0, whereas the
LS had almost no effect on pH stability (Fig. 4d).

As stated above, the optimum temperature and pH
properties of mutant XynGs in catalysis were not changed
compared with the WT XynGs. The absence or presence
of an XBD had a significant effect on the thermal stabili-
ties of the mutant enzymes compared with the respective
WT enzymes. The XBD was, therefore, suggested to have
an important positive effect on thermostability, similar to
observations in several previous reports [9, 15, 18]. Mean-
while, the LS also played a role in thermostability. In addi-
tion, we found a novel function of the XBD in pH stability,
which could be useful for industrial applications [11, 21,
27].

Kinetic parameters of XynGs

The K, k., and k /K, values of purified WT and mutant
XynGs using birchwood xylan and oat spelt xylan as solu-
ble and insoluble substrates, respectively, were displayed in
Table 2. The K,, values for XynGl-1, XynG1-1CDL and
XynG1-1CD were 5.86, 6.58 and 6.49 mg mL~! for birch-
wood xylan, which revealed that XynG1-1 had a higher bind-
ing affinity than XynG1-1CDL and XynG1-1CD for soluble
substrate. Mutant XynG1-3s fused with the XBD had higher
affinities toward soluble birchwood than XynGl-3 and
XynG1-3CDL. The k/K,, values of mutants of XynGl-
1s were decreased by deletion of the XBD, and for mutant
XynG1-3s with an XBD, the k_/K,, values were increased
1.5-fold relative to WT XynGl1-3, indicating that XynGs with
an XBD had a higher catalytic ability to hydrolyze birch-
wood. Similar results have been reported in the literature [13,

@ Springer
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XynG1

XynG1.3CDLX

Fig. 2 Three-dimensional structure models of the WT and mutant
XynGs. a Structures of WT XynGs. b Structures of mutants of
XynG1-1. ¢ Structures of mutants of XynG1-3. The CD of XynGI-1
is shown in light green. The LS of XynG1-1 is shown in dark green.
The XBD of XynGl-1 is shown in blue. The CD of XynGl-3 is

15, 20, 23]. Previous research showed that the XBD and LS
were important domains for hydrolyzing hemicelluloses from
plant cell walls [4] and other complexes containing cellulose/
hemicellulose [7]. The XBD could make enzymes bind well to
plant cell wall material, and the LSs might facilitate the access
of the CD to soluble xylan by providing flexibility [13].

@ Springer

XynGl

XynG1.3CDX

shown in brown. Models of XynGs were generated using the Swiss-
Model server, with Bacillus sp. 41M-1 xylanase J (PDB code: 2dcj)
as the template. The structures of WT and mutant XynGs were ren-
dered using the PyMOL molecular graphics system (color figure
online)

The binding affinities of XynGl1-1, XynG1-1CDL and
XynG1-1CD toward insoluble substrate (oat spelt xylan)
decreased in the order K, = 7.21 < 11.21 ~ 11.29 mg mL™!,
respectively, and for XynG1-3, XynG1-3CDL, XynGl-
3CDX and XynG1-3CDLX increased in the order K,, = 7.
03 > 7.48 > 5.52 ~ 5.59 mg mL~" (Table 2). The catalytic
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Fig. 3 Characterizations of WT and mutant XynGl-1s. a Determi-
nation of the optimum temperature for activity of WT and mutant
XynGl1-1s; b Determination of the optimum pH for activity of
WT and mutant XynG1-1s; ¢ Thermal stability of WT and mutant

efficiencies (k_,/K,,) of mutant XynG1-1s were decreased
nearly two-fold compared with WT XynG1-1, while mutant
XynG1-3s with the XBD had higher catalytic efficiencies
than XynG1-3s without an XBD. Thus, the XBD was a
crucial domain for the efficient hydrolysis of insoluble sub-
strate, similar to previous observations [6, 10]. In the litera-
ture, members of the glycoside hydrolase family contained
various CBMs, which had potential abilities to bind poly-
saccharides with different affinities [15, 20]. The k_/K,,
value of XynG1-1 was higher than that of mutant XynG1-
3s with the XBD added that might be due to the intrinsic
properties of the catalytic domain, the structural arrange-
ment between the substrate binding module and the CD,
or both. XynG1-1 and XynG1-3s with an XBD had greater
hydrolyzing abilities toward insoluble substrate than mutant
XynGl-1s without the XBD or XynG1-3s without XBD,
suggesting that XynGs need an XBD for efficient catalysis
of insoluble xylan [5].

The LS had no significant effect on binding affinities
or catalytic activities toward soluble and insoluble sub-
strates in this study, which was similar to the report of

1597
—=— XynG1-1
100 ] —o— XynG1-1CDL

90 —+— XynG1-1CD

Residual activity (%)
(4]
o

0 :
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(b)
100 - —=—XynG1-1
90 | —o—XynG1-1CDL
= 80 ——XynG1-1CD
3 80
< 70
;‘Eeo-
S 50 X
w 40
3 30
& 204
X 40
4 5 6 7 8 9 10 N
pH
(d)

XynGl-1s at various temperatures and pH 7.0; d pH stability of WT
and mutant XynG1-1s at various pHs and 60 °C. Data are presented
as mean £ SD (n = 3)

Brutus et al. [3]. However, some positive and negative
effects have been found in the catalyzing ability of xyla-
nases in previously published studies [14, 16, 22, 23].
On the basis of these observations, it appears that the
different functions of LS towards substrates may result
from the structures of the CD, LS, and CBM in various
xylanases.

Conclusions

The XBD and the LS were studied by deletion from P.
campinasensis GH11 XynGl1-1 and addition into B. pumi-
lus GH11 XynGl-3. The characterization and kinetic
parameters of XynGs were compared, respectively. The
results showed that the XBD of XynGl1-1 had functions
in thermostabilization, pH stability, binding and hydrolyz-
ing ability towards insoluble substrate. Meanwhile, LS had
little effect on the overall stability of the xylanase and no
relationship with affinities for soluble and insoluble sub-
strates or catalytic efficiency.
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Fig. 4 Characterizations of WT and mutant XynG1-3s. a Determi-
nation of the optimum temperature for activity of WT and mutant
XynG1-3s; b Determination of the optimum pH for activity of
WT and mutant XynG1-3s; ¢ Thermal stability of WT and mutant
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Table 2 Kinetic parameters of XynGs toward birchwood xylan and oat spelt xylan

Protein name Birchwood xylan

Oat spelt xylan

Km (mg ml_l) Kcat (S_l) Kcat/Km (ml mg_l s_l) Km (mg ml_l) Kcat (S_I) Kci\t/Km (ml mg_l S_l)

XynGl1-1 5.86 £ 0.23 1323.12 £59.54  255.79 +£10.23 7.21 £0.31 826.12 £33.17 11458 £4.70
XynG1-1CDL 6.58 £ 0.33 1102.32 £49.60  167.53 +7.54 11.21 £ 0.43 634.26 + 24.77 56.58 +£2.37
XynG1-1CD 6.49 +0.31 1093.24 £49.23  168.45 + 7.41 11.29 £ 0.51 623.94 + 29.41 5526 £2.14
XynG1-3 6.22 +0.29 537.45 +£24.72 86.37 £ 3.76 7.03 £0.32 198.53 £ 8.34 28.24 +1.33
XynG1-3CDL 6.24 £0.27 539.14 + 25.12 86.40 £ 3.81 748 £0.28 205.09 +9.26 2740 £1.19
XynG1-3CDX 5.82£0.28 817.07 £31.86  140.39 £ 6.32 5.52£0.26 354.21 + 18.16 64.17 £3.08
XynG1-3CDLX  5.88 +0.30 825.85 £32.52  140.45 £ 6.45 5.59 £0.28 367.98 + 18.77 65.83 £3.17
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