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ABSTRACT

Xylanase is a naturally occurring enzyme found in microbes and fungi. Xylanase belonging to pentosanases, a class
of enzyme which breaks down cell wall matrix of plants breaks down xylan into xylose. Thus this property of
xylanase makes it important at commercial level. Recently, xylanases are being produced by the help of genetically
modified organisms (bacteria and fungus). Xylanases also find its application in various industries. These include
textile and paper industry, beverage industry, bakery industry, pharmaceuticals industry, biofuel production. In this
review we aretried to highlight the importance of xylanase at commercial level.
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INTRODUCTION

Xylan is the polysaccharide with major structurasplant cells and in nature the most abundant peobysaride
accounting for approximately one third of renewatniganic carbon sources on the earth. The majopoaent of
hemi cellulose, these polysaccharide constituteoraptex of carbonate hydrolase including xylan, gjycan,
glucomannan, galactoglucomannan and arabinogalaktdans are present in large quantity in hard wdam
angiosperm (the cell content 15_30% of the cell waihtent) and soft wood from gymnosperms (7-10%vek as
in annual plans less than 30%) [1]. Being highlartmhed polysaccharide, xylan varies in structurevéen
different plant species and the homopolymeric bankbchain of 1,4 linked beta -D xylopyranosyle sirian be
substituted with the number of other side chainugso Due to its heterogeneity and complexity, catepl
hydrolysis of xylan require a large variety of ceagtively acting enzymes like endo-1,4-beta-D-xgkes (cleave
the xylan backbone), beta-D xylosidases (cleavese/imonomers from non-reducing end of xylooligosaddes
and xylobiose), alpha-L-arabinofuranosidases, alphglucuronidases etc. for removal for differenibstituent
side chain. Complete xylanolytic enzyme system udiclg all of this activity is well documented ineth
microorganisms like fungi [2]. Some of the most orant xylanolytic microbes includ&spergilli, trichodermi,
streptomycetes, Pheanerochaetas, Chyridiomycetes, Ruminococci, Fibrobacters, Clostridia, and Bacilli etc. The
ecological niches of these microorganisms are devand wide spread and typically include envirortméior e.g.
forests) where plant materials accumulate and ideate. Xylanolytic microorganisms have also beeported to
produce extremophilic xylanases and have beenté&bl&dom variety of sources like thermal springsrima
solfateric fields, antarctic environments, sodaetgksoda deserts etc. xylanases constitute ther mpajtion of
hemicelluloses and have wide range of applicatioindustrial and biotechnology. Their commercigblekation in
the area of food, feed and paper and pulp indastrywvell documented. Recently xylanases are alisg lexploited
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for biofuel production from agricultural residues.

Xylans and its enzymatic hydrolysis

The nature of its substituents is based on a bdistihction may be made therefore in xylans, in chhtheir
increment in complexity from linear to highly suibgted xylans. Xylans can be categorized into f@@jor groups:
1. Arabinoxylans, having only side chains of singégminal units of alpha-L-arabinofuranosyl sulsgitts.
Particulary in the case of cereals, arabinoxylahklvaries in the degree of arabinosyl substitytigith either 2-
O-and 3-O-monosubstituted or double (2-O-, 3-Obssituted xylosyl residues. 2. Glucuronoxylanswinich a-D-
glucoronic acid or its 4-O-methyl ether derivatirapresents the only substituent. 3. Glucuronoacadyian, in
which a-D-glucoronic (and 4-O-methy-D—glucoronic) acid ando-l-arabinose are both present. 4.
Galactoglucuronoarabinoxylans, which are charamdrbecause of the presence of termpaBlgalactopyranosyl
residues on complex oligosaccharide side chaingylains and are found typically in perennial plariteere is a
category which exhibits micro-heterogeneity witgect to the degree and in branching nature. Bbstbe side
chains determining the solubility, physically comfmtion, and reactivity of the xylan molecule withe other
hemicellulosic components and hence greatly inttirepnthe mode and extent the enzymatic cleavagagogpermic
arabinoxylans of annual plants, also called pem®sare water soluble and alkaline solutions thgians of
lignocellulosic materials because of their brancétedctures.

Due to the heterogeneity and complex chemical patdiplant xylan, its complete breakdown requireoa of
complex several hydrolytic enzymes with diversectffdties and mode of action. Thus, it is not sismg for
xylan-degrading cells to produce and arsenal ofres. The xylanolytic enzyme system that carriegrdiysis of
xylan is normally composed of a repertoire of hygiio enzymes, including endoxylanase (endofi:}¢anase,
E.C.3.2.1.8), B-xylosidase (xylan -1,4#-xylosidase, E.C. 3.2.1.37)a-glucuronidase o-glucosiduronase,
E.C.3.2.1.139), a-arabinofuranosidase o-{Larabinofuranosidase, E.C. 3.2.1.55) and acetgixyl esterase
(E.C.3.1.1.72). All of these enzymes act cooreedfito convert xylan into its constituent sugarsneéng all
xylanases, endoxylanases are the most importaniodiheir directly involving in cleaving the glyddg: bonds and
in liberating short xylooligosaccharides. Xylanjigea molecularly highly mass polymer, cannot peatetthe cell
wall. The low mole ular mass fragments of xylanyphakey role in the regulating the xylanase biokgsis. These
include fragments like xylose, xylobiose, xyloolggacharides, heterodisaccharide of xylose and sguead their
positional isomers. These molecules are liberateh fxylan through the action of small amounts afist@uently
produced enzymes. Xylanase catalyzes the randomoljgds of xylan to xylooligosaccharides, whpexylosidase
releases xylose residues from the non-reducing ehdigosaccharides. However, a complete degradagquiers
the synergistic action of acetyl esterase to rentheeacetyl substituent’s from tiel,4-linked D-xylose backbone
of xylan.

The nature of its substituents is based on a bdistihction may be made therefore in xylans, in chhtheir
increment in complexity from linear to highly suibsted xylans.

Based on hydrophobic cluster analysis of the ctitaljomains and similarities in the amino acid sawes,
Xylanases have been primarily classified as GHrd HL [3]. Several models have been proposed tlaiexthe
mechanism of xylanase action. Generally, the hydislof xylans by GH 10 and 11 results in the rédenof the
anomeric centre of the reducing sugar monomer efcdrbohydrate. Families 10 and 11 contain enzytinats
catalyze the hydrolysis with the retention of thmeric configuration, with residues of two glutdesabeing
implicated in the catalytic mechanism. This indésata double-displacement mechanism, in which aleowa
glycosyl enzyme is formed intermediating subsedyemydrolyzed, and two carboxylic acid residuesitetly
located in the active site, are involving in thenfiation of the intermediate; one acts as a geramidl catalyst by
protonating the substrate, while the nucleophiliaek a second performer, which results in the ilgagroup
departure and form the-glycosyl enzyme intermediat@ (o a inversion). In the second step, the first carbateyl
group instead behave as a general base functibasaeting a proton from a nucleophilic water male¢ which
attacks the anomeric carbon. This a second sutistitleads to, in which the anomeric carbon agaissps via a
transition state and the product is rising with fr@nfiguration ¢ to B inversion). Glycoside hydrolase family 10 is
composed of endo-1, Bxylanases, and endo-1 3xylanases (EC 3.2.1.32) (34). Members of this Facan also
hydrolyze the aryB-glucosides of xylobiose and xylotriose at the aghic bond. Furthermore, these enzymes are
highly active on short xylo oligosaccharides, thtidndicates small substrate-binding sites. Crysttlicture
analyses, kinetic analyses of the activity on xgligosaccharides of various sizes and end prochoatyses have
indicated that family 10 xylanases typically hawairfto five substrate-binding sites. Members o tlaimily also
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typically have a high molecular mass, a low pl digplay an ¢/p)s-barrel fold [4]. Compared to other xylanases,
GH11 members display several interesting propersiesh as high substrate selectivity and high gatcagfficiency,

a small size, and a variety of optimum pH applmadi Family 11 is composed only of xylanases (EQ32,
leading to their consideration as “true xylanases,they are exclusively active on D-xylose-contgjrsubstrates.
GH11 enzymes are generally characterized by a jpigh low molecular weight, a double-displacemeatialytic
mechanism, two glutamates that act as the catalgsiclues and f-jelly roll fold structure [5]. Additionally, the
products of their action can be further hydrolybgdthe family 10 enzymes. Similar to family 10 xyéeses, these
enzymes can hydrolyze the apyblycosides of xylobiose and xylotriose at the aghjic bond, but they are inactive
on aryl cellobiosides. Furthermore, in contrasti® family 10 xylanases, but similar to the fan8lyold-adapted
xylanases, these enzymes are most active on lamg-gflooligosaccharides, and it has been founttthey have
larger substrate-bindind clefts, containing at leses/en subsites. Xylanases belonging to GH10 éxpikeater
catalytic versatility and lower substrate spedyi¢han those belonging to GH11. According to Seeinal. [5], the
binding sites for xylose residues in xylanasestammed subsites, with bond cleavage occuring betwee sugar
residues at the -1 (non-reducing) and the +1 (ied)i@nds if the polysaccharides substrate. Asrobslein assays
using arabinoxylan as the substrate, GH10 produat® arabinose residues substituted at the +2teulidiese
results suggest that GH 10 enzymes are able tolygdr xylose linkages closer to the side. Therefgpanases
from family 11 preferentially cleave the unsubggtli regions of the arabinoxylan backbone, wherebd 0G
enzymes cleave the decorated regions, being lesgpdrad by the presence of substituents along thenxy
backbone. The xylan side-chain decorations aregrézed by xylanases, and the degree of substititiaglan will
influence the hydrolytic products; this differendesubstrate specificity has important implicatioims the
deconstruction of xylan.

Xylanolytic Microor ganisms

Xylanases are produced by diverse organisms likeifubacteria, algae, protozoa, gastropods andogoids.
Bacterial genera likeBacillus, Cellulomonas, Micrococcus, Saphylococcus, Thermotoga, Paenibcillus,
Arthrobacter, Microbacterium, Pseudoxanthomonas, Rhodococcus have been reported to produce xylanases.
Among the actinomycetes group, Streptomyces, Thermomonospora, Thermoactinomycetes etc. are commonly
reported for xylanase production fungal genera Akgergillus, Fusarium, Penicillium, Geotrichum, Paecilomyces,
Cephalosporium, Trichoderma are reported for xylanase production. Bacteria hawveadvantage over fungi for
xylanase production as large-scale cultivationuofgf is often difficult due to slow generation tipm-production
of highly viscous polymers and low oxygen penetratiMoreover low pH optima for fungal growth maycassitate
additional downstream processing for fungal xyl@sasAmong the bacterial genera, Bacillus is the tmos
predominant genus as xylanase producer. Membeysmfs Bacillus likéBacillus circulans, B. Stear other mophilus,
B.polymyxa, B subtilis, B. Amyloliquifaciens have been reported to produce considerable anoduytanases. Many
of the extremophilic xylanases are produced by thermophilic Bacillus like B. Acidocaldarius, B.
Thermoalkal ophilus have been reported to produce considerable amafuntlanases. Many of the extremophilic
xylanases are produced by the thermophilic bacilikes B. Acidocaldarius, B. Thermoalkalophilus have been
reported to produce xylanases which are activeraperature ranging from 5080Thermotoga are another group
of bacteria which produce extremely thermostablangses active in the temperature ranging fromBl= Many

of the thermophilic actinomycetes also produce rtiestable xylanases showing activity at temperatarging
from 60-70C. Recently endoxylanases from thermophilic actipoetesMicrotetraspora flexuosa SIIX have been
reported to show optimum activity at®(@6]. Due to low pH requirement, fungi are veryels reported to produce
alkophilic xylanases. However fungal species Wepergillus Kawachii, Cryptococcus sp. H-2 andPenicillium Sp.
40 are reported to produce most acidophilic xylemastable at pH 1-2 [7]. Many thermophilic fungkeli
Gloephyllum trabeum, Talaromyces Byssochlamydoides, Ther moascus aurantiacus, Thermomyces Lanugimosus are
reported to produce thermostable xylanases acfivitiye range of 50-8D[8,9].

Factors affecting xylanase yield and activity

Commercial production of xylanase involves indadtfermentation processes using suitable bacterfarmi. The
yield of xylanases in fermentation process are galyegoverned by a number of factors as productibrylanases
in microorganisms is dependent on the availabdftgppropriate substrate, the carbon sources pgreséime media
are the most important factor for xylanase producth number of substrate like corn cap, wheat niea,bran,
ponds stalk, bagasse, etc have been found to peswitable substrate on production of xylanasesdiuition to the
nature of substrate, substrate accessibility, aatkamount of release of the xylooligosaccharideir tchemical in
nature, quantity of xylose release also influeree groduction of xylanase during fermentation psscl0] have
reported sugarcane bagasse has a base inducerlasfaggy and beta-xylosidase @ellulomonas flavigena.
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Sugumaranet al. [11] reported production of thermoalkilic tolerarylanase fromB. Subtilis in submerged
fermentation using cassava bagasse reported sugabzgasse as a best inducer for xylanase produfttimn
bacillus sp. Rice bran and soybean residues seveskcellent substrate for xylanase production agilRis sp
using soil state fermentation [12] yeast extraegflextract, peptone, soy bean meal have beenteeptr serve as
good nitrogen soure for yeild of xylanase from eliént bacteria [13-15] reported trypton as a mifgtient source
for xylanase production frortreptomyces sp. 7b. When different agriculture waste substrbike wheat bran,
sugarcane, bagasse, rice bran and saw dust arectbjto solid state fermentation by streptomyqges7®,
maximum Xylanase contain observed in wheat branagting medium. Using yeast extract, peptone anef be
extract as organic nitrogen source, enhanced xstandavel fromSreptomyces cyaneus SN32, Bacillus sp.,
Streptomyces sp., Sreptomyces sp. CA24 has been reported [16]. Yeast extraqitgme and beef extract has an
important role in xylanase production by bacillys, grobably because of some important elementtacwd in
these organic nitrogen sources that are necessatki§ bacterium metabolism are a complex nitrogeumrce was
essential for bacterial growth and high enzymevigti

Besides the nutritional components, other bioprepesameters like pH of the medium, temperaturénfarbation,
agitation, whistle size, initial load of inoculuretc. can also influence the xylanase productioinduiermentation
process.

Application of xylanases
Major applications of xylanases are in paper ang pdustry, animal feed processing, clarificatioihbeverages
and recent application involves biofuel productitom agroresidues.

Paper Industry
Chlorinated phenolic compounds as well as polyéhéted biphenyls, produced during conventional galgaching
being toxic and highly resistant to biodegradatfoorm one of the major sources of environmentalypialn.

Removal of residual lignin from kraft pulp is phgaily and chemically restricted by hemicelluloskgnin has
been reported to link with hemicelluloses. The nomshmon pulping process is the kraft process wheoking of
wood chips is carried out in a solution of JS&NaOH at about 170°C for two hours resulting i degradation and
solubilisation of lignin. To obtain pulp of verygii brightness and brightness stability, all theilignust be remove
from the pulp. For that, chemical pulping is moffe&ive than mechanical pulping. However, therthis formation
of residual lignin which has to be removed by bléag process. The residual lignin in chemical pigllark in
colour because it has been extensively oxidizednaodified in the cooking process. This residuatiligis difficult
to be removed due to its covalent bonding to threibellulose and perhaps to cellulose fibers. Tleadhing of the
pulp can be regarded as a purification processiiimg the destruction, alteration, or solubilizatiof the lignin,
coloured organic matters and other undesirableuesion the fibres.

Conventionally chlorine is used for bleaching ofgoiChlorination of pulp does not show any decdliog effect,
and in fact, the colour of the pulp may increasthwhlorination and it is the oxidative mechanistnich aids the
pulp bleaching. The dominant role of chlorine iedithing is to convert the residual lignin in théppo water or
alkali solute products. The effluent that are pamtliduring the bleaching process, especially thas@wing the
chlorination and the first extraction stages ake ritajor contributors to waste water pollution fridme pulp paper
industry. During the Kraft process part, of theaxyis relocated on the fibre surfaces. Conserabtmiat of xylan is
present in the fibres afer pulping process. Enzigrtatdrolysis of the reprecipateted and the releteat xylans on
the surface of the fibres apparently renders thecttres of the fibres more permeable. Increasethgebility
allows the passage of lignin carbohydrate molecidefigher amoun t and of high molecular masseshin
subsequent chemical reactions. Ligninases and ledolases (xylanases) were tested bio-bleachinge bfs
hemicellulases was first demonstrated [17] whiculted in the reduction of chlorine consumptionndligren et al
[18] even tried a mill trail on TCF (total chloririeee) technology for bleaching of pulp with xylaeafrombacillus
stearothermophilus strain T6 which is having optimum activity at prb6Even though there are many reports on
microbial xylanases only a limited number of thera baving characteristics applicable in paper ang mdustry.
Two types of phenomenon are involved in enzymatietrpatment. The major effect is due to hydrolysis
reprecipitated and reabsorbed xylan or xylan liggpmplexes that are seperated during the cookingegs. As a
result of the enzymatic treatment, the pulp becomere accessable to the oxidation by the bleactlignicals. A
minor effect is due to the enzymatic hydrolysistioé residual non disolved hemicellulose by endanxgkes.
Residual lignin is unbleached pulp (Kraft pulp)litked to hemicelluloses and that cleavage of limisage will
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allow the lignin to be released.

Animal feed processing

Arabinoxylans are partly water soluble polysacdhesipresent in considerable amount in cerealshidcey and
result in a highly viscous aqueous solution. Thighhviscosity of cereal parameter for the use géakgrains in
animal feeding. Application of xylanases for preatment of arabinoxylan containing substrates kas Iproved to
be a good solution for this. Babaladaal. [19] observed improved apparent nitrogen andefddvsorption as well as
feed transit time by the application of xylanas@dultry feed. Cafe et al. [20] gave nutritionallgh diets, with or
without the addition of 0.1%m Avizyme 1500 (xylapagrotease, and amylase) to the poultry birdsdisBied on
the diets supplemented with Avizyme exhibited digantly higher body weights, less mortality anéater amount
of net energy from their diets as compared to threrol group.

Beverage industry

The xylanolytic enzymes are also employed for ffargy juices and wines. For extracting coffee, plaits and
starches for improving the nutritional propertiésagricultural silage and grain feed, Xylanasesehaiso been
reported to be very effective. Xylanases, in coofiom with cellulases, amylases and pectinases teaan
improved ill of juice by means of liquifaction ofuit and vegetables; stabilization of the food pulrreased
recovery of aromas, essentials oils, vitamins, maihsalts, edible dyes, pigments etc reduction istoscity,
hydrolysis of substances that hinder the physiodl éhemical clearing of the juice, or that may dioess in the
concentrate [21].

Bakery Industry

Xylanases are used as dough strengtheners sincpriingéde excellent tolerance to the dough towasgation and
processing parameters and in flour quality. Thep aignificantly increased volume of the baked dré&ith the
use of xylanases, there has been an increased Wwaades, greater absorption of water and improesistance
fermentation [22-24] Also, a larger amount of anabxylooligosaccharide in bread would be benefitiahealth
[21]. Xylanase transform water insoluble hemicelad into soluble form, which binds water in the gloutherefore
decreasing the dough furnace, increasing voluneedating finer and more in uniform crumps [25].

Phar maceutical industry

Hydrolytic products of xylan known as xylooligosactles (Xos), which may be used in pharmaceutiadlistry.
Xos have prebiotic effect, as they are neither blyded nor absorbed in the upper gastrointestizal,tand they
effect the host by selectively instumulating thewgth or activity of one or a number of bacteriaaicolumn, thus
improving health. Among their key physiological adtages re the reduction of cholesterol, maintaieaof
gastrointestinal health, and improvement of thelogical availability of calcium, they also inhibstarch
retrogradation, improving the nutritional and sehsproperties of food. For the production of X(Qise enzyme
complex must have low exoxylanase freylosidase activity, to prevent the productionhadh amounts of xylose
which has inhibitory effects on XO production.

Biofuel Production

Production of environmently friendly fuel is gaigiigreat importance as the energy sources are thepieta faster
rate. There are reports regarding production chrethfrom the agro wastes by incorporating xylanasatment.
Xylanase, together with other hydrolytic enzymean de used for the generation of biological fusisch as
ethanol, from lignocellulosic biomass. However, yenatic hydrolysis is still a major cost factor metconversion
of lignocellulosic raw materials to ethanol [18}.the bioethanol fuel production, the first stephis delignification
of lignocellulose, to liberate cellulose and herlidese from their complex with lignin. The secostep is a
depolymerization of the carbohydrate polymers todpce free sugars followed by the fermentation @fech
pentose and hexose sugar to produce ethanol [RBUItBneous saccharification and fermentation iskernative
process, in which both hydrolytic enzyme and fertatve microorganisms are present in the reaction.

CONCLUSION
Several applications of xylanases are being deeeldpr the food and paper industries which are dbase the
partial hydrolysis of xylan. The long term applicais of xylanases such as conversion of renewabladss into

liquid fuels, where xylanases play a crucial raietlie conjunction with the celluloses, is not yebreomically
feasible. However, stringent environmental regatatiand awareness to reduce the emission of gresalgases

338



M. Kalim A. Khan et al J. Chem. Pharm. Res., 2016, 8(3):334-339

have added and incentive for future research dpusdnts in the study of xylanases. In order to mtie
application of xylanases realistic the improveniargnzyme vyields is od almost importance. Consiaerarogress
has been made in the last few years in identifyireg process parameters which are important forimbtahigh
xylanases vyields and productivities and thus imftileg the economics of xylanase production. Thelpcton of
xylanolytic enzymes is higher with increasing sut& concentrations. However, the high concentmatibsolid
substrate give rise to mass transfer limitationbatch cultivations. A fed batch mode of cultivatiovhere much
higher substrate concentrations can be used, dtieattive alternative process. Hence it is necgdsadentify the
potent xylanase producer by screening for poterti@nolytic micro-organism.
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