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THERMOSTABLE XYLANASE GENE FROM Bacillus coagulans ST-6 
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June 1999 

Chairman : Associate Professor Dr. Abdullah Sipat, Ph.D. 

Faculty : Science and Environmental Studies. 

PBNXI is a recombinant plasmid containing vector plasmid pUC19 and a 2.6 kb 

fragment of Bacillus coagulans ST -6 genomic DNA which contains a xylanase gene. 

PBNX2 is another recombinant plasmid with the same insert DNA but in a pUC 18 

vector. Both plasmids expressed xylanase activity when grown on RBB-Xylan agar 

plates. Preliminary to nucleotide sequencing, the recombinant plasmids were modified 

using restriction enzyme deletion to remove a segment of the insert DNA. The original 

insert DNA which was 2.6 kb was successfully reduced to a 0.8 kb and a 1.8 kb 

fragment in pBNXIA and pBNX2A respectively. The deletion was done using 

restriction endonuclease Sail and the resulting deletion mutants together with the 

original clones were used to determine the nucleotide sequence of the xylanase gene. 

By primer walking, 1420 bp of the forward sequence was obtained where an 

open reading frame (ORF) was found at 544 bp of the insert DNA. This 630 bp frame 

xi 



was preceeded by the putative E.coU - 1 0  and -3 5 promoters. No sequence 

corresponding to the signal peptide was found in this sequence. 

The open reading frame (ORF) was translated into a peptide of 2 1 0  amino acid 

residues. This protein belonged to Family G 11 of the Glycosyl Hydrolase family and 

had 59% homology with Bacillus stearothermophilus xylanase and 54% homology with 

xylanase from Aeromonas caviae. Eleven out of 20 completely conserved amino acids 

in this family were also conserved in this sequence and two conserved glutamate 

residues, EI 04 and E 1 86 were directly involved in the enzyme's acid-catalytic 

mechanism. Secondary structure prediction showed that this enzyme consisted of two 

a-helices and 1 0 �-strands. Phylogenic studies showed that the primary structure of the 

enzyme was most closely related to Bacillus pumilus xylanase's primary structure. 

The analysis of the deduced amino acid sequence showed that there were five 

cysteine residues in this sequence compared to none in four other mesophilic xylanases. 

These cysteine residues can form internal disulfide bonds among themselves which can 

increase the stability of the protein. Analyzing the predicted secondary structure, an 

extra a-helical structure which is a more stable secondary structure was observed in 

comparison to other mesophilic xylanases. These two factors namely the presence of 

cysteine residues and the extra a-helical structure may have an important role in 

determining the thermo stability of this enzyme. 
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Pengerusi Profesor Madya Dr. Abdullah Sipat, PhD. 

Fakulti Sains dan Pengajian Alam Sekitar. 

PBNX 1 ialah satu plasmid rekombinan yang mengandungi plasmid vektor . 

pUC 19 berserta satu DNA selitan yang merupakan sebahagian dari DNA genomik 

Bacillus c()({gulans ST-6 bersaiz 2 . 6  kb yang mengandungi gen xi lanase. PBNX2 ialah 

satu lagi plasmid rekombinan yang mengandungi DNA selitan yang sama tetapi 

didalam plasmid vektor pUC 1 8 . Kedua-dua plasmid ini mengekspreskan aktiviti 

xilanase apabila dipil ih menggunakan agar media bercampur RBB-xilan. Sebelum 

penj uj ukan DNA dij alankan. klon-klon ini telah diubah dengan menggunakan enzim 

pembatas untuk menyingki rkan sebahagian daripada DNA seli tan ini .  Pensubklonan 

telah di lakukan dengan menggunakan enzim pembatas Suli. DNA selitan yang pada 

asalnya bersaiz 2 . 6  kb telah dikurangkan kepada 0 . 8  kb di dalam PBNXIA dan 1 . 8 kb 

di dalam PBNX2A. Mutan-mutan yang terhasil bersama-sama klon-klon asal telah 

digunakan untuk melakukan penj ujukan DNA. 
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Dengan menggunakan 'pumel walkmg 1420 danpada JUJ ukan kehadapan telah 

dlketahm dl mana langka bacaan telbuka telah dllUmpat pada bes yang ke 544 pada 

DNA sel1tan Itu Rangkaan bacaan teibuka yang bersalz 630 bp  ml dldahulm o leh 

plOmotel E (0/1-3 5 dan - 1 0  

Rangkaan bacaan tel buka 1111 dltlanslaSlkan kepada peptld yang mengandungl 

2 1 0  bes ammo aSld Plote111 1111 telgolong dl dalam kumpulan G 1 1  dan keluatga 

Ghkosd HldlO lase dan mempunyal 59% homolog1 dengan B s tearotheT mophIlu,s dan 

';4 % homologl dengan xIl anase dan A eT omona s (((vzae Sebelas da11 20  ammo aSld 

y ang tel pulIhma dl dalam keluatga 1111 Juga telpul Ihma dl dalam JUJukan 1111 Dua 

danpada 1 eSldu 1111 glutamat 1: 1 04 dan E 186 tet llbat secal a l angsung dengan 

mekal1lsmanya y ang bel slfat hldlOhslS bel asld 

Penganahsaan ke atas JUJukan ammo aSld 1111 menunJukkan kehadllan 5 l esldu 

slstma berbandmg dengan tlada 1 eSldu slstma dl dalam empat x1l anase lam yang 

mesofilIk Resldu-Iesldu slstma ml boleh membentuk lkatan dlsulfida dalaman dIantma 

l11eleka Penganahsaan ke atas stlUktUJ sekundel JUJukan 1111 Juga l11enunJukkan 

kehadll an stlUktUl a-hehks yang leblh belband111g dengan xtlanase l11esofihk yang lam 

�tlllktlll a-hehks m l  adalah yang leb1h stabIl berbandmg dengan StruktUl �-strand 

Kedua-dua faktOl 1 I11 mungklll memamkan pel anan utama dldalam menentukan 

telmostablht1 enZ1m 1111 
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CHAPTER I 

INTRODUCTION 

According to Aspinall (1973), much of plant matter consists of celluloses, 

hemicelluloses, pectic substances, other polysaccharides and glycoproteins. In nature. 

cellulose is always associated with hemicellulose. While cellulose is a homopolymer 

consisting of just P-D- glucose, hemicellulose can occur as a homopolymer with only 

one unit for its main chain as xylan or as a heteropolymer with two or more units such 

as glucomannans (FengeL 1983). Xylan is the major component of plant 

hemicellulose. It is composed of a P-(lA) linked D-xylopyranosyl backbone and is 

substituted with various side chains ( loseleau et al.. 1992) . 

Many end products of xylan degradation have potential to be used industrially. 

such as in the food industry (Biely. 1985) and feed industry (Bedford and Classen . 

1992). In order to obtain these end products, xylan needs to be hydrolyzed. For xylan 

hydrolysis. enzyme hydrolysis using microbial xylanase is the most efficient. 

However. the application of microbial xylanase in the industrial world has not been 

proven to be economically feasible. The cost is too high and it is diffIcult to get 

sufficiently large amount ofxylanase enzyme. A lot of studies have been done on 
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xylanase purified from a variety of microorganisms. A lot more however, needs to be 

known about xylanase function and structure in order to increase the efficiency of 

microbial xylanase for industrial appl ications. This can be done by studying the 

molecular aspects of the xylanase structure and function. 

One common \Va) to stud) the molecular aspects of xylanase is  by cloning the 

gene involved and obtaining the nucleotide sequence. To date. more than 60 xylanase 

genes have already been cloned and sequenced. and from the data obtained. xylanases 

can be divided into two families. the F I 0  and the G 1 1  of the Glycosyl H ydrolase 

according to the nature of their catalytic sites (Henrissat. 1995) .  As the compi lation of 

data on xylanase increases. understanding of the enzyme also increases. Thus, 

manipulation of the enzyme to better serve humankind is viable. 

This thesi s  is  a report on the sequencing of the xylanase gene in a recombinant 

plasmid pBNX l .  The p lasmid consists of the vector p lasmid pUC 1 9  with an insert 

DNA of size 2.6 kb fragment from the thermophilic, xylanolytic bacteria Bacillus 

coag1l1ans ST-6. The results obtained from the sequencing wi l l  add to the data already 

gathered on xylanase in the databank and the analysis of the deduced amino acid 

sequence wil l  also provide us \\ ith a better understanding of xylanase structure and 

function . 



CHAPTER II 

LITERATURE REVIEW 

Polyoses 

Hemicellulose is defined as fractions isolated or extracted from plants with 

dilute alkali (Schulz,l891). Staudinger and Reineke (1939) however, referred to 

hemicellulose as polyoses. Polyoses differ from cellulose in three aspects (Fengel and 

Wegener. 1983). they have shorter molecular chains. composed of more than one sugar 

and have branching of chain molecules. 

Among the polyoses. xylans are the most represented in nature (Joseleau. 1992). 

After cellulose. it is the most abundant renewable polysaccharide in nature. The main 

component of xylan is D-xylose. a five-carbon sugar. Xylans also have traces of L

arabinose. In nature. xylans exist in different forms. depending on its botanical origin 

and cytological localization. Xyians are the most abundant polyoses in the cell wall of 

land plants where they constitute at least 30 % of the dry weight and are constituents of 

secondary walls of tissues having structural functions (Joseleau et al.. 1992). Xylans 

also function as reserves in primary walls of seeds and bulbs and primary walls of 

gro'vVing cell (Joseleau et al.. 1992). 

3 
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Xylan 

Chemical Structure 

Like most polysaccharides of plant origin. the structure of xylan varies. This is 

due to its presence in a variety of plant species and their distribution in more than one 

type of tissues and cells .  Basically. all land xylans are characterized by a � - 1 .4 l inked 

-D-xylopyranosyl main chain. This structure i s  shown in  F igure 1 .  Examples of this 

unbranched xylan are found in esparto grass (Chanda et aL 1 950)  and tobacco stalks 

(Eda et al . .  1 976) . Its complexity increases with the addition of variable substituents 

and side chains. Xylans can be divided into four main families based on the s ide chains. 

namely. l inear homoxylan. \\;hich has no side chains at all: arabinoxylan. which has 

only one side chains of single terminal units of a-L-arabinofuranosyl substituents: 

glucuronoxylans. which has ex-D-glucuronic acid orland its 4-0-methyl ether 

derivative and glucuronoarabinoxylan. where ex-L-arabinose and ex-D- glucuronic 

( and 4 - 0 -methyl - ex - D glucuronic) are present at the same time (Joseleau et 

al . . 1 992) . 

There are ditTerences between xylans obtained from hardwood (angiosperms) 

and softwood (gymnosperms). Xylans from angiosperms are acetylated. usually at C2 

and C3 where the OH group is substituted \vith an acetyl group. Thi s acetylation 

contributes to the solubility of hardwood xylan. Gymnosperms xylans on the other 



R :  a-D-G1cpA(l � 2) Xyl. .. 

4-0me-a-D-GlcpI\(1 � 2)Xyl. 

a-L-Araf(l �3)Xrl. .. 

a-L-"-lraf(l �2)Xyl. .. 

�-D-Galp(1 �5)a-L-_\raf(1 �3)Xyl. .. 
�-D-X} Ip(1 �2)a-L-"\raf(1 �3)Xyl. .. 

a-L-.-\raf(l �2, 1 �3 and 1 �2,3 .\raf)n (1 � 3)Xyl. .. 
Ferubd 
p-coumarod 
Llgmn 

Figure 1: General Structure of Xylan ( adapted from loseleau et aI., 1992) 
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hand has no acetyl group. and instead has the presence of arabinofuranose and 

methylglucuronic acid (Fengel and Wegener. 1983: Woodward. 1984). 

In all ultrastructural localization in plants. xylans do not occur on its own. it will 

always interact with other polysaccharides. lignin or other phenolic acids where the 

bonding involved are either covalent or non-covalent bonds (Joseleau et a1..1992). 

Non-covalent bonding essentially hydrogen bonding. interacts xylans with other 

polysaccharides and covalent bonds interconnect xylans vvith lignin and other phenolic 

acids. 

Hydrolysis and Utilization of Its End Products 

There are three ways to hydrolyze xylan. namely using alkali. acid or enzyme 

treatment. The method of choice however. is enzyme hydrolysis. using xylanase. It is a 

more efficient process as it is more specific and \\'ill be able to produce xylose free 

from other monosaccharides. Other advantages of xylanase hydrolysis include it is 

milder and there is less production of toxic by-products when compared to acid 

hydrolysis. This method hovvever. is relatively new and is still at the research stage. 

Upon hydrolysis. the end-product sugar moieties obtained can be used for a 

variety of applications. One very important application is the use of xylans as a source 

of fuel. As our fossil fuels are depleting fast. a renewable substitute is greatly needed. 

Products from processes sllch as processing woody biomass. hardwood and softwood. 
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agricultural res idues such as sugar cane pulp and corn stalks and waste products from 

paper industry can provide us with valuable fuel ( Woodward. 1 988 ) .  The sugar 

produced can also be fermented to produce ethanol and butanol .  both much in demand. 

( Woodward. 1 988 ) .  

Xylanase 

Physiological Role 

In nature. xylanase plays a major role in the biodegradation of p lant l itter. The 

function of xy lans here is to ]Jroyide a source of metabol izable energ) . It is shown that 

the rate of biodegradation of the complex polysaccharides in soil p lant l itter i s  

dependant on  the microbial population i n  the soi l ( Woodward. 1 984) .  If  the area i s  

heavy with a metal such as  ferti l izer derived from copper. the l itter decomposition is 

retarded as the microbial popUlation is inhibited. resulting in a decrease i n  xyl anases 

and cel lulases. Xylanases and other carbohydrases are also i nvolved in bark and wood 

degradation. Aspergilllls jumigalw. for example. produces an extracel lular xylanase 

when grO\\ n on beech. oak and sawdust (Flannigan and Sagoo. 1977). 

The dietary intake of ruminant animals can compnse of up to 40% 

hemicel lulose. It is  an important source of energy and i s  degraded b) xyl anases from 

their  rumen microbes. Wi ll iam and Withers ( 1 98 1 )  discovered that most 

hemicel lulo lvtic strains  belong to ElIhuClerillm. RlIminococcw and Bacteroides . � . 
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Xylanases are also beneficial to plant pathogens. Colletorichum lindemuthanianum 

and Helminthosporium J1wydis are two pathogens that produce polysaccharide

degrading enzymes inc luding xylanases to disrupt the cell wal ls of bean and corn plants 

respectively for their carbon source (Anderson. 1 978 ) .  

Other roles of xylanase include acting as  a hydrol ase on stored reserves present 

in the endosperm of cereal grains and as one of the enzymes associated with over 

ripening ( Woodv,ard. 1 984) .  

Occurrence 

Sources of xylanases are ubiquitous . They can be obtained from both 

prokaryotes and eukaryotes (Dekker and Richard. 1 976) as well as from marine and 

terrestrial environments. Xylanase can be found in bacteria occurring naturally in the 

environment. also in rumen caecal bacteria and in fungi ( saprophytes. phytopathogens 

and mycorrhiza) .  Xylanases can also be found in protozoa. in the intestines of insects. 

snail s  and in germinating p lant seeds (Bastawde. 1 992 ) .  The presence of xylanases has 

not been demonstrated in vertebrate animal ti ssues. although they hm e been found in 

the intestines. rumen and caecum of ruminants. However. this xylanase is produced by 

the microbial flora and fauna in the vertebrates and not by the vertebrates tissues 

themsel\'es (Woodward. 1 984) .  Among al l  sources. xylanase from bacteria and fungi 

are the most studied . Some of these microorganisms include the genus Bociilw . 

B.wagllianl 26 (Esteban et al 1 98 3 )  and B.circlilans (Yang . 1 989) . Other 
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microorganisms that produce xylanase include Streptomyces lividans (Chen et al . .  

1998). C,yptococclis albidlls (Boucher et aL 1988) . Butyrivibrio jibrisolvens H17C 

(Lin and Thomson. 1 99 1 )  and A ureohasidiul11 pllllllians Y -23 1 1 - 1  ( Li et a l . .  1 994). 

There are also microorganisms that produce thermophil ic  xylanase and these include 

Thermoanaerohacreriul71 .wccharolyticlIl11 B6ARl (Lee. 1 993) 

stearotherl71ophillis 2 1  (Baba et al . .  1 994 ) .  

Classification 

Xylanases can be classified as follows: 

1 .  �-X� losidases - break down short xylooligosaccharides to xylose. 

and Bacillus 

2 .  Exo-xylanases - produce xylose at high rates from xylan but produce short 

oligosaccharides at low rates. 

3 .  Endo- xylanases are of four types: 

a )  those that cannot cleave L-arabinosyl initiated branch points. and produce 

mainly xylobiose and xylose as tinal products. General ly .  they are as active on 

xylool igosaccharides as xylon·iose but at much lower rates on l arger substrate . 

b )  those that cannot clem e branch points and produce mainl) o ligosaccharide 

fragments larger than xylobiose. They are generally inactive on xylotetraose 

and smal ler substrates .  

c )  those that can c leave branch points and produce mainly xylobiose and xylose 

d) those that can c leave branch points and produce mainly xylooligosaccharides 

of intermediate s ize .  
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Purification 

Purification of any enzyme is important for its characterization. Many 

methods are involved in the purification of xylanases. These methods are based on the 

different properties of the enzyme. Some of the methods used are ammonium sulfate 

precipitation. i soelectric focusing. ion-exchange chromatography. ultrafiltration. gel 

filtration. aninit) chromatography. adsorption chromatography and hydroxyapatite 

chromatography. 

Xylanase can be purified through a single purification step or a combination of 

two or more steps. The initial step is usual l)  to concentrate the crude enzyme. 

Ammonium sulfate precipitation vvas used to purify xylanase from Bacillw sp. No. 

C - 1 25 (Honda et a l . .  1 98 5 )  and ion exchange chromatography was used to purif\ 

xylanase hom B. circll/a/1s (Esteban et a l . .  1 982 ) .  

On  the other hand. there have been cases where the enzyme was 

purified using a combination of two purification methods. Two endoxylanases were 

purified from Bacill1ls sp. No C- 1 25 by using Sephadex G-75 and B io-Gel P-30 

fo l lo vved by DEAE-ce l lulose chromatograph) (Honda et a l . .  1 98 5 ) .  Three 

endox) l anases vvere purified from Clostridium ,\tercorariwJ1 (Berenger et al . .  1 98 5 )  

using gel filtration and ion-exchange chromatograph) . 


