BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, March 2017.

Recent Advances and Future Perspectives
of Thermostable Xylanase

E. Selvarajan* and R. Veena

Department of Genetic Engineering, School of Bioengineering,
SRM University, Kattankulathur, Tamil Nadu, India.

http://dx.doi.org/10.13005/bbra/2461

(Received: 24 January 2017; accepted: 14 February 2017)

The xylan degrading enzyme, xylanase can be used to develop eco-friendly
technologies mainly in the paper and pulp industries. By using this enzyme, the
lignocelluloses materials can be modified to produce high quality liquid fuel and other
products. There is a wide range of applications for the xylanase as an enzyme and more
with thermostable xylanase. The Fungal strains are considered most potent for xylanase
production, while the yeast and bacteria produce it in low quantities. The production of
these enzymes, at low quantity, can be further enhanced by the Genetic engineering
techniques like mutation, cloning and expression in various organisms. The genomic
studies have helped to come across the basic barriers like low production, enzyme stability
etc. The xylanase producing gene is isolated in microorganisms, made modifications and
is cloned into a heterologous or a homologous host for the enhanced production, to meet
the industrial demand. Thus this review concentrates about the production parameters,
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immobilization techniques and the applications briefly.
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Thermo stability is the resistance to the
thermal inactivation and the thermo stable enzymes
likethe thermo stable xylanase are most preferred
in the industrial applications. In other words,
thermo stability can be explained as the
reguirement of higher optimum  temperaturefor
the organismto grow or exceptional stability above
50°C over extended period of time. The thermal
stability can also berelated tothe half life(t ). (t,
,» thetime required to reduce activity by 50% at a
stated temperature provided that the inactivation
follows first order kinetics). Higher the thermo
stability, higher will be the half life. For example,
xylanases produced by thermophilic eubacteria
and archaebacteriahave considerably longer t, , at
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80°C or higher temperatures than those from
thermophilic fungi (Dahlberg et al, 1993). This
thermostability can also be achieved by the
introduction of the disulphide bonds in certain
microorganisms (Jeffries et al, 1996). The
Thermoanaerobacterium xylanase resists the
thermal denaturation (SHAO et al, 1994). The
thermostable  enzymescarry out the enzymatic
hydrolysis at high temperature. Thus high
temperatureslead to higher masstransfer ratesand
low viscosity helping in the solubility of the
products and reactants. It also reduces the risk of
contamination of the mesophilic microbes. But the
yields obtained from the thermophils are much
lower compared to mesophilic microbes. Thusthe
yield can beincreased by rDNA technology using
heterologous host vector system. When
considering only temperature, a handful of
xylanasesthat show  optimum activity at higher
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temperatures have been reported from various
microorganisms. These include Geobacillus
thermoleovorans, Streptomyces sp, Bacillus
firmus, Actinomadura sp and Saccharopolyspora
sp all of which produce xylanases that show
activity between 65 and 90 °C. One xylanase,
reported from Thermotoga sp has been shown to
exhibit atemperature optimabetween 100 and 105
°C.

Xylanases are the class of enzymes,
which degrades or hydrolysesthe beta 1, 4 Xylan
into xylose, afermentabl e sugar with high market
price. Generally, plant cell wall contains the
lignocellulose aromatic compound that has
cellulose (45-55%), xylan (25-35%) and lignin (20-
30%). Xylan, arenewable hemicellulosesisasecond
most abundant complex heterogeneous
polysaccharide composed of homopolymeric
backbone of 1, 4-linked 2-D-xylopyranoseresidues
and short chain branches consisting of O-acetyl,
+-L-arabinofuranosyl and £-D-glucuronyl residues.
It constitutes of 25% hard wood and the rest soft
wood and isthe major component of the plant cell
wall. Hemicelluloses may serve in the matrix as
flexible bridges and act as a coat between and
around cellulose fibrils (Saha.B, 2003). The
chemical and structural composition of xylan and
itsconcentration isdifferent in various plants. Few
eukaryotic microorganisms use xylan as the chief
carbon source. Endo-xylanase depolymerizes the
xylan and a so produces several auxiliary enzymes
those are necessary for debranching of the
substituted xylan (Haltrich et al., 1996).

Xylanases are produced by fungi,
bacteria, yeast, marine algae, protozoan, snail,
crustaceans, insects, seeds and filamentous fungi
but not by mammals. The chief source of xylanase
is from filamentous fungi that give higher yield
compared to other micro-organisms but the
mesophilic fungi does not havethethermo stahility.
These fungi can also produce cellulase that hasto
be separated and removed. A few aerobic or
anaerobic thermophilic fungi like Thermomyces
spp., Humicolaspp . (Anand et al), and Aspergillus
spp. are capable of producing xylanases only in
acidic growth conditions. Xylan and cellulose
inducesthe activity of xylanase, whilethereadily
metabolizable glucose or glycerol inhibits the
activity .It can be produced either by solid state
fermentation (SSF) or submerged state fermentation
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(SMF) methods. Enzyme productivity in solid state
fermentation (SSF) ishigher than that of submerged
fermentation (Haltrich et al., 1996) and it is cost
effective. The common agricultural residues like
the wheat bran and other agricultural wastes are
used as substrate in the SSF, while the enzyme is
immobilized on the nanoparticles to enhance its
activity.

It has many applicationsin the paper and
pulp industry. It basically removes lignin
carbohydrate complex (LCC), which is produced
during Kraft process and serves as abarrier to the
toxic bleaching chemicalslike chlorine components.
The chemical bleaching process gives out
byproducts that are mutagenic, toxic, bio
accumulating and may cause disturbance in the
bio-system. Due to this reason, the government
and the environmentalists ban the use of chlorine
products. The best alternate for this can be the
usage of cellulase-free xylanase that ensures no
damage to the tender pulp fibers and is also used
to provide high quality, easily dissolvable pulps.
Themajor commercial applicationsincludechlorine
free bleaching of the wood pulp for paper making
process. Itisalso used to increasethe digestibility
of the silage, poultry, food additivesin wheat flour
and fermentative composting.

There are studies about the genes that
areresponsiblefor xylanase productioninamicro-
organism. It says that the genes encoding for the
xylanasefall either infamily 10 (F) or 12 (G), canbe
cloned into E. coli from the mesophills or
thermophills (Shao et al). Thus the gene can be
further characterized. The main research now is
not only about the hydrolysis of xylan, but the
stability of the xylanase enzyme under various
conditions like optimum temperature, pH etc. As
mentioned earlier, certain types of wild xylanase
have desired characteristics like thermostability,
pH tolerance etc. But no individual xylanase can
provide all the desired characteristics together.
This rare type of xylanase that is obtained in a
very meager quantity is much needed by the
industry at affordable cost, for the viability of the
process. The Genetic engineering and
Recombination technology plays key role in the
large scale production of xylanase. By holding on
the future prospects of the xylanase in its
application, this review gives a brief about the
isolation, production, genetic significance and
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industrial applications of xylanase. In the article

structure of xylan and xylanase are al so presented.

Xylan Structure

Theterm‘Hemicellulose’ wasfirst coined
by Schulze (1891) to represent theisolate obtained
from plantsthat isdiluted with alkali .These arethe
hetero polymers containing the Xylan and consist

of D-xylose monomeric units and traces of L-

arabinose. The plant cell wall contains

lignocelluloses compound that contains 30-35%

of Xylan which has homopolymeric backbone of

1, 4-linked 2-D-xylopyranose residues and short

chain branches consisting of O-acetyl, +-L-

arabinofuranosyl and +-D-glucuronyl residues. It
occurs mostly in hardwood of angiosperms and
lessin softwood of gymnosperms. The Xylanfrom
hardwood i s 0-acetyl-4—-0-methylglucuronoxylan.

This polysaccharide consists of at least 70 2-

xylopyranoseresidues. Every tenth xylose residue

carriesa4-0-methylglucuronic acid attached to the

2 position of xylose. Thushardwood Xylanishighly

acetylated, degrades on acetyl xylan esterase and

thusresponsiblefor partial solubility inwater (e.g.

Birchwood Xylan). These acetyl groups are

removed with addition of alkali. While, Xylan from

softwood are composed of arabino-4-0-
methylglucuroxylans. These softwoods does not
contain acetyl groups instead they have *-L-
arabinofuranose units linked by +-1, 3-glycosidic
bonds at the C-3 position of the xylose (beg et al,

2001). There are four different types of xylanin

general. They are

1) Arabinoxylans, having only side chainsof single
terminal units of *-L-arabinofuranosyl
substituents. In the particular case of cereals,
arabinoxylans vary in the degree of arabinosyl
substitution, with either 2-O- and 3-O-mono-
substituted or double (2- O-, 3-O-) substituted
xylosyl residues.

2 Glucuronoxylans, in which +-D-glucuronic acid
or its 4-O-methyl ether derivative represents
the only substituent.

3) Glucuronoarabinoxylan, in which +-D-
glucuronic (and 4-O-methyl-+-D-glucuronic)
acid and +-L -arabinose are both present.

4) Galactoglucuronoarabinoxylans, which are
characterized by the presence of terminal 2-D-
galactopyranosy!l residues on complex
oligosaccharide side chains of xylan and are
typically found in perennia plants.

In plants, these Xylans are present in
between thelignin and celluloselayers. Thesexylan
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intertwine and form covalent bondswith the sheath
of thelignin and produce alayer over the cellulose
fibers. Thismaintainstheintegrity of the cellulose
by non-covalent interaction between thelignin and
the Xylan. Thus preventing the cellulose
degradation by cellulase and hel ping with the fiber
cohesion (beg et al,2001). These Xylans can also
beisolated from esparto grass (Chandaet al., 1950),
tobacco stalks (Edaet al., 1976), Marinered algae
(Barry etal, 1940), Red seaweed (Tseng et al, 2002).
Enzymatic hydrolysisof xylan

Xylans are well known for their
homogeneity and complex chemical nature. Dueto
this, the complete breakdown requires several
complex hydrolytic enzymes with different mode
of actions. This proves that the xylan degrading
cellsarethearsenal of polymer degrading proteins.
(Beg et al, 2001). The xylanolytic enzyme system
that carries out the xylan hydrolysis is normally
composed of arepertoire of hydrolytic enzymes,
including endoxylanase (endo-1, 4-2-xylanase,
E.C.3.2.1.8), 2-xylosidase (xylan-1,4-2-xylosidase,
E.C.3.2.1.37), - glucuronidase (+-glucosi duronase,
E.C.3.2.1.139), t-arabinofuranosidase (+-L
arabinofuranosidase, E.C.3.2.1.55) and acetyl xylan
esterase (E.C.3.1.1.72) (V. Juturuet al, 2012). These
convert xylanto simple sugarswhilethe endo xylan
cleaves the gycosidic linkage and liberate short
xylo-oligosaccharides.

Xylan, being the high molecular weight
cannot penetrate into the cell wall whilethe small
fragments like xylose, xylobiose, xylo
oligosaccharides, heterodisaccharides of xylose
and glucose and their positional isomers, play a
chief role in regulating xylanase biosynthesis.
Xylanase catalyzesthe random hydrolysisof xylan
to xylooligosaccharides, while2-xylosidaserel eases
xyloseresiduesfrom the non reducing ends of xylo-
oligosaccharides. The acetyl esterase removesthe
acetyl group from the beta 1, 4 D-xylose backbone
of xylan (D.Vermaet al,2012).

Sructureof Xylanase

Xylanase comes from the glycosyl
hydrolase family, whichisfurther classified into 90
other families based on the amino acid sequences.
These xylanases catalyze the hydrolysisof 2 1, 4
glycosidic linkage of xylosidase, forming a
Hemiacetal sugar andfree aglyconenon sugars,
by replacing it with hydrogen bonds. The xylanase
can beclassified in threeways: based on molecular
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weight, isoelectric point and crystal structure and
kinetic property. Thereare2 major typesof xylanase
activities: Endoxylanase and exoxylanase.
Endoxylanase like endo-1, 4-xylanases, show a
preferencefor internal Xylan bonds. Exoxylanase
like exo-1, 4-xylanases, which show a preference
for side groups at the terminals of Xylan chains.
These Xylanasesfallsunder the 10" and 11" family
of glycosyl hydrolase. The 10" family of Xylanases
has a molecular weight of approximately 35 kDa
and a TIM-Barrel structure that possess the 8
alpha-1-betachains. The 11" family of Xylanases
has the molecul ar weight of approximately 22 kDa
and ajelly-roll structure consisting of two twisted
-sheets stacked face to face. The structure is
compared with a hand where the palm represents
the active centre and the thumb consists of 2 beta
strands that covers the active centre and is found
in the plant lectins. Not all Xylanases have ahigh
mol ecular mass (above 30 kDa) and low pl or alow
molecular mass (less than 30 kDa) and high pl.
Therefore, amore complete system, based on the
primary structure and comparison of the catalytic
domains, was introduced, analyzing both the
structural and mechanistic features (Collins et al,
2005). The characteristics of these enzymes can be
found inthe carbohydrate database from the NCBI.
According to the database, the Xylanases are
related to glycoside hydrolase (GH) families5, 7, 8,
9,10,11, 12, 16, 26, 30, 43, 44, 51 and 62. However,
the sequences classified in families 16, 51 and 62
appear to be bifunctional enzymes containing two
catalyticdomains, unlikefamilies5, 7, 8, 10, 11 and
43, which have a truly distinct catalytic domain
with endo-1, 4-2-xylanase activity. Using the same
analysis, families 9, 12, 26, 30 and 44 may have
residual or secondary xylanase activity. While after
the brief study, it is found that the class 5, 7,8,43
arerecent and remain very limited. Families5, 7, 8,
10, 11 and 43 differ in their physicochemical
properties, structure, mode of action and substrate
specificities (Collins et al, 2005). The anomeric
centre of the reducing sugar monomer of the
carbohydrate undergoes either retention (families
5, 7, 10 and 11) or inversion (family 8 and 43)
(Subramaniyan.Set al, 2002). Family 11 Xylanases
have 11 various representative structuresin fungi
and bacterial species (Tablel). Among these the
Paecilomyces variotii, Thermomyces lanuginosus
and Dictoglomus thermophilum isozymes are
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thermostable. (Oakley et al, 2003).
Classification of Xylanase
Family 10and 11 Glycoside Hydrolase

Generally, the xylanase can be classified
either asfamily 10 or 11. Class 10 xylanase haslow
molecular weight and the isoel ectric point between
8-9.5whiletheclass 11 has high molecular weight
and low isoelectric point. It issaid that the beta 1,4
or 1,3 glycosidic bonds tend to hydrolyze aryl 2-
glycosides of xylobiose and xylotriose at the
aglyconic bond. Theclass 11 Glycoside Hydrolase
has purely xylanase. So it is otherwise called as
true xylanase. These family 11 xylanase can also
hydrolyzeAryl-cellobiosides. Inacertain research,
theteam hasisolated a psychrophilic xylanase that
belongs to family 8 and which has both a high pl
and high molecular mass. This novel xylanase,
isolated from the Antarctic bacterium
Pseudoalteromonas haloplanktis, is not
homologous to family 10 or 11 enzymes but has
20-30% identity with family 8 members. NMR
analysis shows that this enzyme hydrolyzes with
inversion of anomeric configuration, in contrast to
other known xylanases which are retaining. No
cellulase, chitosanase or lichenase activity was
detected. It appears to be functionally similar to
family 11 xylanases. It hydrolyzes xylan principaly
to xylotriose and xylotetraose and is most active
on long chain xylo-oligosaccharides. Theclass 10
xylanaseis more versatile and has low specificity
compared to class 11 xylanase. The binding sites
for xylose residues in xylanases are termed
subsites, and bond cleavage occurring between
the sugars residues at the -1 (non-reducing) and
the +1 (reducing) ends of the substrate. As
reported in assays using arabinoxylan as the
substrate, class 10 products have arabinose
residues substituted on xylose at the +1 subsite,
whereas Class 11 products have arabinose residues
substituted at the +2 subsite. These results show
that Class 10 enzymesare ableto hydrolyze xylose
linkages closer to the side (F.L.Mottaet al, 2013).
Therefore, xylanasesfromfamily 11 preferentially
cleave the unsubstituted regions of the
arabinoxylan backbone, whereas GH10 enzymes
cleave the substituted regions along the xylan
backbone. The degree of substitution inxylan will
influence the hydrolytic products.

Trichoderma reesei produces both these
types of Xylanases: xynl and xyn2 (anneli et al,
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1992). The xyn2 of T. reesel has 5 xylopyranose
whilexynl has3. Thexynl hasacidicpl of (5.5) pH
whilexyn2 hasabasic pl of (9.0) pH. Thexynland
xyn2 differ inthelysineand arginineresiduesby 4
inxynland 10inxyn2. Thesereact with glucuronic
acid sidechainsof the xylan. Thishinding reaction
occurs only in the acidic pH or they unbound in
thebasic pH. The catalyst isnecessary to maintain
aproper pH and has Asparagines amino acid with
hydrogen bondinginall theclass11 xylanase. Only
Schizophyllum commune xylanasefrom class11is
categorized under acidic pl with amino acid
arrangements but actually fall under basic category,
since the Asp reacts with the acid/basic catalyst.
Thexynl hasthe Glu 164 linked by Asp 33 and for
xyn2 has Glul77 linked by Asp 44. Alkaline-active
and extreme-thermophilic enzymes are of current
interest of research (Jeffrieset al, 1996)

The protein sequence of the xylanase is
studied either by pair wise alignment sequences
or by the basic local alignment search tool
(BLAST). This blast tool is used to identify the
sets of mutually exclusive enzymes. The
crystallographic studies reports that the major
family 1 or A has aprotein fold and an active site
similar to those of Family 10 xylanase. Members of
Family 10 will act on both p-nitro phenyl (PNP)-
xylobiose and PNP-cellobiose but however, the
overall catalytic efficiency on PNP-xylobioseis-
50-fold higher (Jeffrieset al, 1996). This suggests
that Family 10 enzymesact mainly on xylanresidues
and also due to therelatively greater solubility of
the xylan substrate and the higher reactivity of the
xylan glycosidic linkageit increasesthe hydrolytic
rate for xylan compared with cellulose. There are
again two major subclasses of thermostable
Xylanases namely, xynA and xynB. XynA was
reported to have molecular weight of 120kDaand
belong to family 10 whilethe xynB hasamolecular
weight of 40kDaand belong to family 11 and have
optical activity at 92°C and 105° C.

Family 5, 7, 8and 43 of GlycosideHydrolase

Theclass5 GH isotherwisecaled asclass
A, whichisoneof the biggest families of GH with
7 amino acid residues. Moreover, the xylanase
activity is affected by substituents on the xylan
backbone, and is unable to cleave linkages
adjacent to substituted residues. Hydrolysis
studies have shown that theinternal xyloseresidue
is substituted by the short fragments called

425

xylotrioses, which is formed from the
glucuronoxylan and arabinoxylan. Therefore, the
products produced by family 5 are shorter than
those produced by family 7 (T.Collinset al, 2005).

Theclass8 GH isotherwisecaled asclass
D, which contains cellulases, chitosanases,
lichenases and endo-1,4, beta Xylanases. T.Collins
et al, 2005 reported that these class 8 enzymes,
unliketheclass10and 11, catalyze hydrolysiswith
the inversion of the anomeric configuration and,
under certain conditions, it isfound to be inactive
on aryl 2-glycosides of xylose, xylobiose and
xylotriose.

Theclass 7 GH doesthe xylanase activity
andisyet toresearchmoreonit. The class 7 shows
similarity with class 10 and 11 GH as they have
high molecular weight, low pl value and has 4
subsiteswith catalytic site at the middle. But class
43 of GH can be compared with class 62 of GH or
family F. It is said that this class may display a
five-blade 2-propeller fold and a glutamate and
aspartate in the center of along V-shaped surface
grooveformed acrosstheface of the propeller have
been reported as the catalytic residues, while its
members are believed to catalyze hydrolysisviaa
single displacement mechanism (Collins et al,
2005).

Geneticsignificance

Genetic engineering has enhanced
thermostability, but not always with the desired
activity at the elevated temperature. The type 1
xylanase (Xyn10A) or type2 (Xynl11A), whichis
produced by certain micro-organisms, can be
cloned by knowing the genetic code. For isolation
of the upstream region, in Bacillus Subtilis B230
the genomic DNA wasdigested with Hindl 1, self-
ligated at 289 K and subjected to PCR withinverse
primersfor xfor2 (50-GGAACCGTATCTGTCAGC
GAA C) and xrevl (50-CCA CTG GGCACTGAA
CGCACC). A 950 bp PCR fragment was purified,
cloned into pGemT and sequenced. The sequence
contained 438 bp ORF which showed high
homol ogy to the carboxyterminus of the B. subtilis
XynB gene, an intergenic region with several
potential promoter motifs, a typical B. subtilis
ribosome-binding site and the coding region for a
27 amino acid leader peptide. The downstream
region was isolated by inverse PCR on EcoRI-
digested sdlf-ligated B230 genomic DNA with PCR
primersxfor3 (50-CCG CGCTTACGGTAGAAG
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GC) andxrev2 (50-CGT TCCCGT CGGTCT GTA
GGT GC). The PCR products were cloned and
sequencing revealed aknown part of the Xyn11X
coding region, 114 bp coding for thelast 38 amino
acidsof Xynl11X, plusanintergenic region of 190
bp and the start of an ORF which showed 85%
identity with the B. subtilis PPS
(phosphoenol pyruvate synthase) gene. To confirm
the data obtained from these three cloning steps,
primers to the end of the xynB gene; 50-AAT
GATAAGTGT GGT TCGTAATGG) andthe start
of the PPSgene (PEP-rev1; 50-TCCAGTTCATGT
AAA CCAAGTACC) wereused for PCR on B230
genomic DNA. (Oakley et al, 2003). PChang et al,
2004 hasreported the cloning that isdone with the
E-coli as a host and is maintained on Birchwood
xylan LB agar. The cloned product isconfirmed by
the xylan—Congo red clearance plate assay (where
the clones with Xyn10A gene showed more zone
of clearance than the clones containing Xyn11A
gene) also the Restriction enzyme analysisisdone
to identify positive clones harbored different
recombinant plasmid DNAs containing 4.0kb
(pl:4.5) and 2.0 kb insertspl (9.6), respectively.

The nucleotide sequences was inferred
to be 4kb insert of length 204 amino acids, having
three open reading frames (ORF) and the proteins
that does not have cysteine residues in the
Xynl0A, While, the Xyn1lA the nucleotide
segquence wasinferred to be 2kb insert of length of
134 amino acids, having two ORF and the protein
with one cysteine residue (Cys-20) and thus can
be further read for better understanding and to
find out the homology with other organisms.
Deduced amino acid sequence of Xyn1lA gene
for the family 11 xylanase of various bacteriaand
fungi arealso studied. The sub cloning hasisdone
for the ORF of the inserts, followed by the
zymographic analysishy SDSPAGE. Thefallowing
report has showed the activity bands at 45kDa
and 23kDafor the Xyn10A and Xyn11A. (P.Chang
et al, 2004). The heterogeneous nature of xylan,
along with the multiplicity of xylanases in
microorganisms may be caused by a redundancy
in gene expression. Generally, a single xylanase
gene encodes multiple xylanases, and xylanase
multiplicity may arise from posttranslational
modifications, such as differential glycosylation,
proteolysisor both (Juturu et al, 2012).

The Xylanase producing gene Xyn10N18
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was screened and obtained from the rumen of the
grass/ hay fed bovine, isidentified by metagenomic
library to have a gene cluster that is involved in
thexylose metabolism. Thexylanolytic gene cluster
shuffling encodes a putative *-L-
arabinofuranosidase, a putative xylanase that
encodesfor aprotein of molecular mass54.5 kDa,
similar to the class GH10 and the carbohydrate
active enzymes and thus reported to secrete only
xylanase enzyme without the cellulase enzyme
(Gong et al,2012). The same is done with the
compost soil and axylanase producing genexyn10J
was obtained and the site directed mutagenesisis
doneto enhance the production (Jeong et al, 2012).
Similarily, thethermostabl e xylanase encoding gene
Xxynl0CD18 was directly cloned from the
metagenomic DNA of cow dung compost and
expressed in bacillus megaterium M S941, showed
the extra-cellular xylanase activity at 106 IU/ml.
Thisprovesthat thexyn10CD18isaEndoxylanase
and has efficient usagein biomass conversion and
oligosaccharide production (sun et al,2015). Based
on the genomic DNA sequence, the 2 xylanase
producing genes, JX030400 and JX 030401 were
identified from Caldicellulosiruptor sp. F32, which
shows close homol ogy of 97% with Csac 0696 of
C. saccharolyticus DSM 8903 and 94% with Athe
0089 of C. bescii DSM 6725. Thiswasnot observed
in the Caldicellulosiruptor saccharolyticus DSM
8903, which showed up 99% close homology with
the Cdldicellulosiruptor sp. F32. The gene JX030400
is reported to show 9 folds high specificity than
the other gene and the strain F32 is found to
produce 2.5 times more xylanase activity than its
close homology DSM 8903 (ying et al, 2013).

The Xylanase gene XynAM®6 isisolated
from Streptomyces megasporus DSM 41476 using
colony PCR screening method. This xylanase
comes under the class 10 and is 1440 base pair
long contributing 479 amino acid peptide molecules.
The matured peptide of xynAMG6 is expressed in
Pichiapastoris GS115. Thisresulted in the xylanase
with good temperature adaptability and resistance
to proteases (qiu et al, 2010). The gene M2C38
endo xylanase from the Trichoderma Reesei isalso
responsible for xylanase production. By adding
glycosylation site to this gene by replacing the
amino acidslikeAsn at position 131 and Ser/Thr at
position 133, the enzyme production can be
enhanced (Juturu et al, 2012). The novel xylanase
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gene Xynl1lE whichisidentified inthe Pagnibacillus
barcinonensis BP-23, is reported to belong to the
class 11 GH with a predicted molecular weight of
20.65kDa. It isalso observed that the highly active
xylanase enzyme does not depend onitsown LppX
in active form, for its expression. The Co-
expression with E-coli chaperone has substituted
this LppX necessity while acting as the specific
chaperonefor correct folding. Thusissaidto play
major rolein paper-pulp industries (Valenzuelaet
al, 2014). Another novel xylanase producing gene
Auxyn11D isobtained from aspergillususamii EOOL.
The whole cDNA is studied using the Rapid
Amplifier cDNA Ends (RACE) and the cloning and
expression studies are done by doing
recombination with pichia pastoris (Zhang et
al,2012). The gene axy43A from Paenibacillus
curdlanolyticus B-6 encodes for a trifunctional

-
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xylanolytic enzyme which after recombination
exhibited endo-xylanase, 2-xylosidase, and
arabinoxylan 31 arabinofuranchydrol ase activities.
Itisalso reported that the crude P.curdlanolyticus
B-6 endo-xylanase Xyn10C and the recombinant
Asy43A works synergistically in combination, to
efficiently produce arabinose and xylose
(Teeravivattanakit et al, 2016). Similarily, another
novel, alkali tolerant, thermostabl e xylanase gene
SvixynlOA is identified from the actinomycetes
Saccharomonosporaviridis and has1,374 bp. Itis
reported to show 57% close identity with
Streptomyceslividans. The further recombination
is done by tagging histone to the xylanase, cloned
and expressed in E-coli strain (Wang et al, 2012).
| solation of xylanase producing microor ganisms
Thermostable Bacillus subtilis sp. B230
which hasthethermostability upto 343K isisolated
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Fig. 1. The structure of xylan with specific sites of attack for xylanolytic enzymes
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from white-rotted karri wood collected near
Walpole, Western Australiaand reported to secrete
thetype 2 xylanase (Xyn11X) (Oakley et al, 2003).
Bacilluscirculansare again atype of bacillus, that
is reported to secrete xylanase enzyme at an
optimized condition (Pithadhiaet al,2016). Another
novel producer of xylanase: Bacilluspumilus SY 30A
isidentified and id reported to serve asagreat use
in pretreatment of the unbleached oil palm soda-
anthraguinone pulp (Bakri et al,2016). Fungi are
also a well known organism to produce the
xylanases as well. Different samples of
decomposing manures, dead and decaying wood
and soil enriched with lignocelluloses from
Uttarpradesh, Uttarkhand and Rajasthan were
collected and the isolation of xylanase producing
fungi was done by dilution plate method. Oncethe
strains are identified, they are maintained on the
potato dextrose agar slants at 4°C (Gautam et al,
2015). The Trichoderma species are also the type
of fungi that is widely used as biocontrol against
the plant pathogen that causes disease to plants.
Chitinases, Xylanases Glucanases, and proteases,
are major lytic enzymes that are secreted by
biocontrol agents. There are about 41 species in
Trichoderma genus. One of such Trichoderma
species was isolated from the soil sample in
Uttarpradesh. The isolated fungi strain was
maintained on the potato dextrose agar medium
while having Birchwood xylan asthe carbon source
(Pandey et al, 2014). Aspergillus Fumigatus is
known to secrete cellulase free xylanase and it is
obtai ned from the effluent samplesfrom the paper
mill in Cheranmahadevi, India. Thesampleisplated
on potato dextrose agar medium and after growth
only the necessary colonies are transferred to the
CD (Czapek Dox) medium with oatspelt xylan as
the substrate. The growth of A.fumigatus was
observed only in the CD medium and not in the
CMCellulose medium (Antony et al, 2003).
Similarly, the Sreptomycessp. QG-11-3isisolated
from the decaying coconut fibers, by the selective
screening, from the coastal areas of Goa. Theisolate
is maintained on the actinomycete isolation agar
medium (beg et al, 2000). P.Chang et al, 2004 has
characterized the thermostable xylanase from the
Alkaliphilic Bacillus Firmus and cloned them into
E-cali vectors. The Bacillus sp. AR-009 since being
an alkalophile is isolated from the naturally
occurring alkaline habitat in AddisAbba, Ethiopia
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(A. gessesseet al, 1999). Thermoanaerobacterium
sp. strain JW/SLY $485 was isolated from asmall
hot spring pool in the West Thumb Basin near the
Vandalized Pool in Yellowstone National Park in
Wyoming during a survey of anaerobic
thermophilesthat are ableto grow with xyloseasa
carbon source at pH values below 4.5. The
organism'’s physiological sequence and the result
of 16sRNA sequencing help to identify the
organism. Later the organism ismaintained on the
agar supplement medium with birch xylan as
substrate at low pH conditions (SHAO et al, 1995).
Microbial community EMSD5 was isolated from
compost soil sample from Shandong province, east
of China and stored at 4°C. This was maintained
on PCS medium (z.Lv et al, 2008). T.
longibrachiatumwasinitially isolated from paper
sludge and obtained from Dr. C. J. Wang at SUNY
College of Environmental Science and Forestry,
Syracuse, Newyork and is maintained on potato
dextrose agar medium that contains either larch,
oatspelt xylan or aspen as the substrate (Nakas et
al, 1989). T. lanuginosus strain SSBPwasisolated
from soil sample in Durban, South Africaand is
found by the CSIR team from Pretoria, ismaintained
on the Potato Dextrose Agar medium (Singh et
al,2000). A Bacillus strain with xylanolytic
propertieswasisolated during ascreening of water
samplesfrom ahot spring in Azores (Portugal) and
was characterized as Bacillus subtilisby Microbial
[.D., (USA) using gas chromatography of cellular
fatty acids. Itismaintained ontheliquid LB Media
(spereiraet al, 2002). Bacillus Firmuswasisol ated
from a wastewater treatment plant of a pulp and
paper manufacturing industry in Bangkok,
Thailand and ismaintained on Berg'smineral salts
medium supplemented with Birchwood xylan
medium (Tseng et al,2002). The novel anaerobic
thermostable xylanase obtained from
Caldicoprobacter algeriensis sp. TH7C1" also
called as XYN35 is isolated from a hot spring in
Algeria (B.D-Amel et al,2016). Another novel
xylanase producing fungi Cladosporium
oxysporum GQ-3 which is isolated from the
decaying agricultural wasteisidentified based on
the morphology and theinternal transcribed spacer
comparison (ITS) by rDNA gene sequence. The
Cladosporium, which wasearlier found as producer
of antiproliferativetaxol against human pathogenic
bacteriaand human colon cancer cell lineHCT 15
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was now identified to produce xylanase (Guan et
al, 2016).

One of theinteresting phenomenons lies
in the red algae, Rhodymenia Palmata commonly
known as Dilisk or dulse is immersed in dilute
Hydrochloric acid for 24 hoursincubation. Later a
viscid liquid is obtained, which when mixed with
alcohal gives solid white precipitate. This white
pellet when put inthe water, swellsup and obtains
optical rotation. Thiswhen mixed with dilutenitric
acid, givesthe crystalline xylose. Thisisthefirst
record of isolation of xylanfrom the MarineAlgae
(Barry et al, 1940). The same work on the red
seaweed polysaccharides revealed the red algae
producing water soluble xylan Chaetangium
erinaceum (J.RNunnetal, 1972).

XylanaseAssay

As discussed, the xylans get hydrolyzed
by the enzyme xylanase. The xylanase can be
assayed by measuring the amount of reducing
sugar released during the hydrolysis by DNS
method or Nelson Somogyi method. There is no
proper standardization as different assay results
are obtained from different laboratories. Thiswas
explained by Bailey et al, 1992 asthe differenceis
due to the type of substrate used. After the
standardization of the substrate, very less mean
error has occurred. Researchers use the 4-o-
methylglucuronoxylan covalently dyed with
Remazol Brilliant Blue (RBB xylan) assubstrate or
the Congo-Red (Tseng et al,2002) Thereare certain
other techniques like fluorescence-based method
EnzChek® UltraXylanase Assay Kit (Invitrogen,
Carlsbad, CA) or the Xylazymetabl et (Megazyme,
Bray, Ireland), which employsazurine-crosslinked
arabinoxylan (AZCL Arabinoxylan) as substrate
and its hydrolysis by xylanase produces water
soluble dyed fragments and the xylanase is assayed
based on the release of the dyed fragments. Most
of the assays are done with Larchwood or beech
wood or birch wood xylan as the substrate (Tseng
et al, 2002; Singh et al, 2000; lv et al, 2008; knob et
al, 2008), while some of them use oatspelt xylan
(Shao et al, 1995) or aspen xylan (Royer et al, 1989)
as substrates.

The Zymogram analysis is another
method to identify the activity of the xylanase. In
this method, SDS PAGE was run with gel
containing 0.1% xylan in it. Thus after the
electrophoresis, the gel is soaked into the Congo-
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Red dye and the bands are observed (Tseng et al,
2002). Another method to check the activity of
xylanase includes the carboxy-methyl cellulase
assay. So finally, one unit of enzyme activity is
defined asthe amount of enzyme producing 1_mol
of xylose equivalents per min under the given
conditions.

Production of xylanase

Since micro organism exhibit high
catalytic activity and a high degree of substrate
specificity, they can be produced in large amounts,
they are highly biodegradable, they pose no threat
to the environment and they are economically
viable. Microbial Xylanases are the preferred
catalysts for xylan hydrolysis, due to their high
specificity, mild reaction conditions, negligible
substrate loss and side product generation. These
Xylanases have applications in food, feed and
paper-pulp industries (Collins et al, 2005). Some of
the most important xylanolytic enzyme producers
include Aspergillus, Trichoderma, Streptomyces,
Phanerochaetes, Chytridiomycetes,
Ruminococcus, Fibrobacteres, Clostridia and
Becillus.

The production can be improved by
obtaining the potent fungal and bacterial strains
and even the mutant strainsto obtain high yield of
enzymes. The Production also depends on the
carbon and nitrogen supply, physical
circumstances and chemical conditions. The
production can be enhanced by optimizing the
nutrition, temperature, pH parameters. The xylanase
activity under optimized conditions is observed
and it is concentrated by either using ammonium
sulphate or acetone precipitation method or by
using the dialysis tubing placed against the
polyethylene glycol or by using the cation
exchanger (Khasinet al, 1993). Thedialysistubing
is one of the efficient ways to concentrate the
enzyme with no activity loss.

Xylanase production can be done either
solid state fermentation or submerged state
fermentation depending on the type of organism
and substrate used. Most of the thermophilic
xylanase are prepared with the solid state
fermentation which has high moisture content but
isfree from flowing water. The advantage of SSF
processes over SMF include smaller volumes of
liquid required for product recovery, cheap
substrate, low cultivation cost for fermentation,
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higher enzyme yield and lower risk of
contamination. Theoverall cost of fermentationis
very low as the agricultural residues are used up
assubstratesand is eco-friendly. Thefermentation
medium all ows the micro-organism to grow under
the optimized conditions. The Xylanase
production is donein the solid state fermentation
with wheat bran (gautam et al, 2015), Birchwood
xylan, Nicotianatabaccum leaf dust (komal et al,
2016), Corn cob, Carboxy methyl cellul ose (Pandey
et al, 2014), Eucalyptus craft pulp (beg et al, 2000).
The SMF (Submerged state fermentation) can be
used to produce the cellulase and xylanase from
the aerobic microorganisms. The effect of different
moisture levels on xylanase production in SSFwas
determined by varying the solid substrate-to-
moistureratiointherange of 1:1to 1:4. The stock
can beinoculated with 5% seed culturefor 24 hours
at 32°C. The highest xylanase production was
observed in awheat bran-to-moisture ratio of 0.5
to 1.5. With increasing moisturelevel, thelevel of
productivity was decreasing (gessesse et al, 1999).
The highest extracellular xylanase production was
obtained in 8 and 5 daysold cultureswith oat spelt
xylan served as carbon source (knob et al, 2008).
Thexylitol and bioethanol are the two byproducts
of this fermentation process that has high market
value. Xylitol is the low-caloric sweetener and a
preventative agent against dental caries. Itisused
in making chewing gums, toothpastes and diabetic
products (deutschmann et al, 2012). TheAgitation
system in the fermenter is normally used to
maintain the medium homogeneity, but the
shearing forces in the fermenter can disrupt the
fragilefungal biomass, leading to the reported low
productivity. Higher rates of agitation may also
lead to hyphal disruption, further decreasing the
xylanase activity (Subramanian et al, 2000).
I mmobilization of Xylanase

Immobilization of the enzymeisdoneto
improveitsactivity. For example, the Polyurethane
foams (PUF) aretheinert polymers, whichisused
as a source of immobilizing the enzyme. These
Polyurethane foam particles along with the
unwoven fabrics (likesilk, cotton, polyester etc...)
and proper substrate serves asthe support material
for the mycelia. The myceliaspores grow over the
fabric material and PUF to get immobilized. This
technique has proven many fold increase in the
enzyme production. Unlessthe PUF technique, the
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activeimmobilization technique needsthe growth
of the cellsbeforetheimmobilization. Thefermenter
issterilized along with these inert particlesand is
inoculated in the usual way. Inthe case of unwoven
fabrics, the polyester supports high xylanaseyield
followed by silk and cotton. Thisisawidely used
technique (Beg et al, 2000). Another example can
be by using the methyl-methacrylate/ EudragitTM
L-100, which isareversible-soluble polymer that
binds only to xylanase and immobilize it by
adsorption of the enzyme. Eudragit TM L-100
providesthe extrastability to the enzyme and does
not alter its pH. Theleeching of xylanase can also
be prevented. By this method, cellulase free
xylanases can be obtained efficiently (Sardar et al,
2000). Polymethyl methacrylate (PMMA) Nano
fibres (NFM) are produced by elecrospinning
technique and are used to immobilize xylanase
enzyme. The PMMA NFM is put to function by
phenylenediamine and activated with
glutaraldehyde that yields an aldehyde group on
itssurfacefor covalent immobilization of xylanase.
The immobilization efficiency is much high and
this can be confirmed by the Fourier transformation
analysis (Kumar et al, 2013). Similar to Eudragit
TM L-100, the chitosan can also be used to
immobilize xylanase enzymeasit isbiocompatible,
hydrophilic and easy to belinked. The Dialdehyde
starch (DAS) cross linked chitosan beads can be
used instead of cross linked chitosan-
glutaraldehyde and pure chitosan beads for the
high xylanase activity recovery. The chitosan can
also be coupled with the zirconium oxidefor higher
efficiency. Thiskind of immobilization of xylanase
yields high thermal and storage stability (Chen et
al, 2010). Dealloyed Nanoporous gold, a
nanostructured metallic porous spongeisahighly
active and very stable biocatalyst. It can also be
used toimmobilizethe xylanase enzyme efficiently.
In thistechnique, when the sulfur end groups react
with the gold surface atoms, the activity can be
retained and thistype of immobilization hasavery
high efficiency (Yan et al, 2012). The multi walled
carbon nano tubes are another source for
immobilization. The enzyme can be refolded with
8M urea for higher activity in commercial
production. The hydrophobic surface of the tube
binds, refolds, purifies and simultaneously
immobilizes the enzyme. The refolded xylanase
decreases its alpha groups, increases its beta
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groups and decreasesthe betaturnsinits structure
and is observed under Fourier transformation
analysis method. Thus the xylanase structure is
modified by immobilization for the high productivity
(shah et al, 2008). Nagar et al, 2012 has suggested
the use of aluminium oxide pellets, which can be
activated upon coupling with glutaraldehyde, can
be used for immobilization of xylanase. This can
also be referred to as response surface
methodology. By this technique, the pH and
temperature stability was also enhanced. The
stability and reusability isitsmajor advantage. This
type of immobilization would improve the
digestihility of the poultry feed (Nagar et al, 2012).
Apart fromthis, there are many other methodslike
magnetic latex beads, Glutaraldehyde activated
alginate beads (pal et al, 2011), reversibly soluble—
insoluble polymer Eudragit S-100 and Eudragit L -
100 (Sardar et al, 2000), chitosan—xanthan hydrogel
(Dumitriu et al, 1997), Duolite A147 pretreated with
glutaraldehyde, cellul ose acetate membrane grafted
with acrylamide etc. asthe source of immobilization
(Chenetal, 2009). Landaraniisfahani et al, (2015)
has proposed another novel method of
immobilizing xylanase on multifunctional hyper
branched polyglycerol grafted (HPG) magnetic
nano particles.
Application of xylanase

Xylanase has a widespread usage in
paper-pulp industries, poultry feed, textiles,
cosmetics etc. Its main application includes
bioconversion of lignocelluloses and agricultural
wastes into the fermentation products, the
improvement in brewer industry and digestibility
in poultry feedstock. It is most widely used in the
paper-pul pindustriesfor the biobleaching process.
Thepaper pulpindustry

The enzymes used in the paper-pulp
bleaching has caught the attention of the
researchersworldwide, for the production of stable,
economic and eco-friendly xylan degrading
enzymeslikexylanase. They reducelignin content
and increase the brightness of the  paper (Sunna
et al, 1997). The usage of xylanasein theindustry
canreducethelevel of lignin and also the usage of
chlorinein the bleaching process. Thebiobleaching
is a process of removing the lignin content and
making the pulp white and clear, by using the
lignolytic enzymes(beg et al, 2000). The usage of
chlorine and other sodium hydrosulfite in the
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biobleaching process that release the toxins,
mutagens as the byproduct causes environmental
pollution. The cellulose is the primary product of
the paper industry. Thus a cellul ose free xylanase
should be used to prevent damage to the pulp
fibers. The desirable charactersincludethe stability
in high temperature and pH.
Pharmaceutical and poultry feed industry

The xylanase can be used together with
pectinase, carboxy methyl cellulase and amylase,
for the identification of turbidity level and for the
clarification of juices. Xylan gives xylose on
depolymerization and this xylose can be further
converted to xylitol, which can be used as a
sweetener in the drugs and food industry (Beg et
al, 2001). The quality of the bread can beincreased
by using the xylanases and can be further enhanced
in combination with amylase. According to Collins
etal, 2006 psychrophilic enzymeslikexylanaseis
suitable for usein the baking industry asthey are
optimally active at the temperature required for
dough preparation (at or below 35 °C). These
enzymes could also be used as more efficient
baking additives than the currently used
commercial mesophilic enzymes, which are
optimally active at higher temperatures.

Xylanases are also said to improve the
nutritional quality of thesilageand grainfeed. They
mainly improve the digestibility of the broiler
chickens by decreasing the viscosity level intheir
intestines and improving the weight gain of the
cattle and the feed conversion efficiency. (Nagar
et al, 2012). Thearabinoxylansare solublein water
and thus makesthe water viscous, causing trouble
inthe brewing system likeforming the hazein the
beer. Thiscan be prevented by adding the xylanase
enzyme (Qiu et al, 2010). Thexylooligomers
(X0), a product of xylan hydrolysis, is not
hydrolyzed or absorbed in the gastrointestinal
tract. They directly interact with the bacteriain the
colons and improve the health, thus used as a
prebiotic in the food. They are also reported to
reduce cholesterol levels, improve the
gastrointestinal health and provide surplus
amount of calciumto thebody (Alonso et al, 2002).
Bioconver sion of lignocellulosesin biofuel

The bioconversion product of
lignocellulose like ethanol can be used asabiofuel
in the industry. Lignocellulose contain lignin,
cellulose, protein, ash and pectin in different
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propositions based on its source (Behera et
al,2014). The first generation conversion can be
done by converting sugar and starch to ethanol
while the second generation converts
lignocel luloses and other agricultural residues to
ethanol. This provides strategic benefits for the
fuel production. Apart fromthis, thewater hyacinth
isalso saidto produce biofuel efficiently (Uday et
al, 2016). In the second generation conversion,
the enzyme hydrolysis is a mgjor cost factor in
bioconversion of lignocellulose (Nigam et al, 2011).
In bioethanol fuel production, the first step isthe
delignification of lignocellulose, to liberate
cellulose and hemicellulosefrom their complex with
lignin. The second step is a depolymerization of
the carbohydrate polymersto produce free sugars,
followed by the fermentation of mixed pentoseand
hexose sugars to produce ethanol (Mehdi et
al,2009). Thisisone of the most promising feature
to significantly improve the overall bioethanol
production (Huang et al,2011).

CONCLUSON

Thexylanase, dueto itsenormous ability
to hydrolyze xylan, hasincreasing demand in the
industries. These xylanases are required in large
guantities to do trial in the industries. Native
xylanases are produced in very low quantities due
to lack of proper conditions for the growth of
microbes or incompatible fermentation parameters.
Large scale production at a low cost is still an
existing problem. Thus cloning can be done to
enhance the productivity of the industrially
important enzyme: xylanase. The cloning of the
fungal xylanase gene can be done into the E. coli
for the gene manipulation and enhanced
production.

Thexylanase hasto befreefrom cellulase
for efficient xylan hydrolysis. The Aspergillus
fumigates, Bacillus pumilus and Bacillus firmus
are known to produce this type of xylanases. The
optimum temperature, pH stability and proper
carbon source would help in better utilization of
the xylanase. Moreover, when the xylanase
producing gene is cloned by the recombination
technology, production of xylanase can be
enhanced and also that the properties of the
recombinant strain is better than the native or crude
enzyme. The immobilization techniques would
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further enhance the production of the xylanase
enzyme.

The Thermophilic or thermostable
xylanases are on very high demand on the
industries. This rare and unique property of the
xylanase makesit moretemperaturetolerant andis
most needed intheindustriesfor production under
high temperatures. But the drawback is set as such
that it cannot be produced in alarge scale due to
the high fermentation conditions. Maintaining a
high temperaturein thefermenter would bedifficult.
The Trichodermareesel or Bacillusfirmusissaid
to produce such thermostable xylanases that can
tolerate avery high temperature.

Sincethe xylanasesthat are high demand
on the thermostable xylanasein theindustries, the
further advancement in this would do miraclesin
the industrial sector. The low cost, high quality,
thermostable xylanase can be found in the future
by exploring new micro-organismsthat are capable
of xylanase secretion. There is a high chance of
the producing improved xylanase production by
using genetic engineering where the recombination
and cloning techniques would help to induce
desire qualities into the strain. Thus on further
technical advancement, the microbial expression
system can be developed and the production of
xylanase can be done upto industrial level.
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