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ABSTRACT

Aspergillus sp. is a member of the Deuteromycetes fungi, also considered member
of the Phylum Ascomycota which can grow in variety of ehvironment producing
plant biomass degradiﬁg xylanase enzyme. A. niger is most commonly found species
producing higher xylanase enzyme. Xylanase applications are in the recycling of
biomass, paper and pulp industry, in bakery products, for juices clarification, animal feed
preparation etc. The current research was conducted for xylanase enzyme production by
Aspergillus niger and its mutant. For A. niger wild type mutagenesis, the y-rays of 1.0
kilo Gray was found best for enhanced xylanase production. The gamma irradiation was
done at Nuclear Institute for Food and Agriculture (NIFA), Peshawar, Pakistan. Mutant
was selected by growing irradiated spores on 1 % xylan agar plates. Different growth
conditions for both wild and mutant were optimized. It was found that 10 % inoculum
size, 2 % corn cob, growth temperature of 30 °C, ammonium nitrate (0.15 %) as nitrogen
sources, pH levels 6.0 in Vogel’s medium were optimum-for xylanase enzyme production
through solid state fermentation technique for both wild and mutant. 20-40 % ammonium
sulphate precipitation was used for wild and mutant crude enzyme. The overall results
showed that 30 % ammonium sulphate concentration was best for A. niger wild enzyme
precipitation and 20 % ammonium sulphate concentration was best for mutant enzyme
precipitation. The partially purified xylanase enzyme from both wild and mutant was
used to find out the different kinetics parameters. The results showed that the K, and Vi
values for wild xylanase was 23.4 mg/ml and 153.85 nKatal/sec respectively while
the K, and V... values for mutant xylanase was 61.8 mg/ml and 312.5 nKatal/sec,
respectively. The results showed that the citrate buffer of pH 6.0 supported the maximum
enzyme activity for both wild and mutant. The enzyme activity was observed at different
temperatures and 65 °C was optimum for both wild and mutant. The irreversible thermal
denaturation was performed from 50 °C to 85 °C, on enzyme activity were determined
for wild and mutant. The k4 values was calculated for A. niger wild and mutant. When the
data\was plotted in Arrhenius plot, it was calculated that E, for denaturation of wild type
enzy}ﬁe was 76.26 kJ/mol and mutant enzyme was 78.08 kJ/mol. The results showed that

mutant has no significant effect on production pattern of enzyme but there was significant
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variation in Kinetic and thermodynamics parameters of wild and mutant enzyme. The
higher values of V,,,, showed that mutant has brought various changes in enzyme which
resulted in higher activity. The higher value of activation energy (E,) for mutant enzyme
depicted that mutant enzyme requires more activation energy for thermal denaturation as

compared to the wild enzyme.









|
|
E
)
[

CHAPTER 1 INTRODUCTION
a
et O MO G HO TR
H(?: 0 QX‘/{\‘E\_,JO \w\/\«‘\'\__.—(irmw O
OH o

b
(O e
§ - 3 D =7
HD’:‘ Ry B s A HQ » ()
O jomae /O 4D | o
- 1. w_A\ J/ HC \/%Qf Bl \L-—NELPK OH':’ :;‘r M"'.,‘f::/"”‘n,_ .
IS/ P
¢ COOH
P =t b
M E%{OT\-.. :\_ —"’0\
'cmi
0 o f

WO e Lt

07 o HO e ;'/“ .7

’ \x",v'_fO\.\‘/il\D/ HO\ 0 \‘-‘ "D"\_‘;‘)‘\’_
04

e O |
HO7™ .ﬂ_gf;.ﬂ--ﬁ; R Hof“‘x,(?H ., 0
p O‘_!./\ ! i) - U\—-‘ij\()/ 0»\/"’3,‘::‘&-'””“

6./ 0 o, O

x.r'f, 0. | s ‘3\'\1[

LN \OH 7

! o/ N_/

HOH, NG f HOH D i
OH HOHC == Y oy
B
Figure 1.1 Structures of xylan in the trees (a) Homoxylans, Primary structure

of X3, B-(1-3), (b) Type Xm, mixed B-(1—3, 1—4)-glycosidic
linkages (¢) Glucuronoxylans, Primary structure of 4-O-methyl-D-
glucurono=D-xylan (d) (Arabino) glucuronoxylan and (Glucurono)
arabinoxylan, Primary structure of (L-arabino)-4-O-methyl-D-
glucurono-D-xylan (AGX) (e) Arabinoxylans, Primary structure of
the water-soluble L-arabino-D-xylan (Ebringerova et al. 2005)
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CHAPTER 1 | | INTRODUCTION

Xylans complete degradation is carried out by enzymes known as xylanases
(Lee er al. 2003) which are diverse. Xylanase enzymes are endo-B-1,4-xylanases
(EC 3.2.1.8) and xylosidases (EC 3.2.1.37) which are required for complete hydrolysis of
xylan and biomass conversion. The endo-B-1,4-xylanases act on the main chain of xylans
and produces short xylo-oligosaccharides while xylosidases produces D-xylose by
hydrolyzing xylooligosaccharides (Maciel ef al. 2008).

Xylanases were first reported in 1955 and originally termed as pentosanases
(Whistler and Masek, 1955). In 1961, the “International Union of Biochemistry and
Molecular Biology (IUBMB)” recognizes the xylanases and assigned enzyme code
EC (3.2.1.8). Different officials names used for xylanase include endoxylanase,
endo-1,4-p-xylanase, endol,4-B-D-xylanase, B-xylanase, B-1,4-xylanase and 1,4-B-D-
xylan-xylanohydrolase. The main ‘enzymes involved in catalysis of xylans from
different origins include Endo-B-xylanase, 1,4-B-D-xylanxylanohydrolase EC (3.2.1.8)
and B-xylosidase, 1,4-B-xylohydrolase, EC (3.2.1.37). Xylanases are single domain
proteins having three antiparallel B-sheets and one a-helix. Xylanases from different
sources has different characteristics and growth condition like temperature, pH etc. for
optimum functioning. 1

On the basis of reaction catalyzed and products, xylanases are divided into two
types depending: debranching enzymes, that hydrolyzes the side branches, releasing
arabinose and nondébranching enzymes that do not catalyze the branch points and do not
release arabinose (Wong et al. 1988). In number of fungi one of these enzymes was
found and there are some fungal species which produces both type of xylanases that helps
in efficient hydrolysis of xylan. Xylanases on the basis of physio-chemical properties
were also classified into two groups: first group of xylanases having low molecular
weight (less than 30 kDa) and basic iso-electric point (p/) and second group having
high molecular weight (greater than 30 kDa) and acidic (p/) (Wong ef al. 1988).
More elaborated system named CAZy (Carbohydrate Active enzyme) available now
for the classification of enzymes based on the structurally related catalytic and
carbohydrates binding domain. According to (CAZy) classification, xylanases comes
mainly under glycoside hydrolase families GH 5, GH 7, GH 8, GH 10, GH 11 and GH 43
see (http://www.cazy.org/fam/acc_GH.html).

Production and Characterization of Xylanase from Aspergillus sp. and its Mutaﬁt 3
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Different microorganisms like bacteria, yeasts and filamentous fungi such as
Bacillus sp., Cryptococcéus sp., Aureobasidium sp., Trichoderma sp., Aspergillus sp.,
Penicillium sp., Fusarium sp., Chaetomium sp., Phanerochaete sp., Rhizomucor sp.,
Humicola sp., Talaromyces sp. and many more can produces xylanases. Fungi are
useful due to diversity for the production of enzymes having novel characteristics
(Singh et al 2003). Thermophilic fungi are novel source for the production of
thermostable enzymes which are used in many industrial processes (Bruins et al. 2001).
Among the microorganisms that have xylanolytic activity, Aspergillus niger is one of the
well known producer (Record ef al, 2003; Raana er al, 2004; Maciel et al, 2008).
Random mutagenesis can enhance enzyme productivity several fold than the parental
strain. These fungi produced xylanase enzymes extracellularly with a wide range of
activities from 4-400 [U/ml using various substrates both in submerged and solid state
fermentation (SSF) processes (Kapilan, 2015).

Characterization of enzymes are important for their biotechnological applications
and different uses. Xylanase enzymes are characterized by different techniques like
physiochemical behavior, fluorescence spectrometry, circular dichroism spectroscopy
(CDS), matrix-assisted laser desorption ionization-time of flight-mass spectrometry,
SDS-PAGE, differential scanning calorimetry (DSC) method (Nath and Rao, 2001). The
economics of enzyme production, isolation and purification cost is important. This can be
obtained at industrial level by optimizing the fermentation media, using whole cells as
sources of enzymes, (Shah and Madamwar, 2005).

Xylanase (EC 3.2.1.8) are important and widely used in the recycling of biomass.
Potential applications of xylanase as a bleach boosting agent in paper and pulp industry
(Singh et al., 2003; Khandeparkar and Bhosle, 2007). Xylanases usage in pre-bleaching
process results in higher brightness ceilings and reduction of bleaching chemicals usage
like chlorine upto 20-30 % and organic halogens up to 50 % (Sonia et al. 2005).

Xylanases potential applications are: in bakery industry to improve the quality of
bakery products like good effects on dough handling, texture, bread volume and stability
(Singh et al., 2003; Jiang ef al., 2005; Kiachang et al., 2000; Bhat and Hazlewood, 2001).
Xylanases can degrades the plant cell wall materials and liberates useful nutrients

(Bertichini et al. 2009) therefore, used in production of functional food ingredients, in

Production and Characterization of Xylanase from Aspergillus sp. and its Mutant 4
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CHAPTER 1 INTRODUCTION
juices clarification, animal feed and starch separation (Bhat, 2000), in poultry diets for
feed utilization and food processing (Walk ef al. 2011), in agricultural waste conversion
and fuel production like ethanol (Damaso ef al. 2003).

Xylanases are also used in textile industry. Xylanases are applied to treat plant
fiber, for example linen and hessian. In plant fiber processing, xylanase free of cellulases

can eliminate the strong bleaching step and avoid fiber darkening (Brithimann ef al.,

2000; Csiszar et al., 2001).

Production and Characterization of Xylanase from Aspergillus sp. and its Mutant 5
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CHAPTER 1 INTRODUCTION

2.0 AIMS AND OBJECTIVES

The present study is designed to achieve the following objectives:

e To isolate and identify strains of Aspergillus sp. from soil samples taken from
local vicinity of Islamabad

e Microscopic identification of Aspergillus niger

e y-rays mutagenesis of selected wild-type Aspergillus sp. and selection of mutant

e Optimization of xylanase production from Aspergillus sp. and its mutant

e Partial purification of xylanase enzymes from Aspergillus sp. and its mutant

e Characterization of xylanase enzyme from Aspergillus sp. and its mutant

el e
Production and Characterization of Xylanase from Aspergillus sp. and its Mutant 6
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CHAPTER 2 REVIEW OF LITERATURE

REVIEW OF LITERATURE

Kheng and Omer, (2005) isolated and identify USM Al [ as Aspergillus niger
and selected it for xylanase production on palm kernel cake (PKC) using solid state
fermentation system (SSF) technique. Using inoculum size (I x 10" spores/ml) with
moisture ratio of 1:0.75 at ambient temperature (28 + 3 °C), the xylanase activity was
23.97 U/g PKC. By additional supplementation of carbon source (xylose) at 0.75 %
(w/w). the maximum xylanase production obtained were 25.40 U/g and growth of
1.69 mg glucosamine/g PKC. By addition supplementation of nitrogen source (NaNOs)
at 0.075 % (w/w), the xylanase production enhanced to 33.99 U/g PKC with growth
of 1.67 mg glucosa mine/g PKC. The xylanase production before optimization was
11.72 U/mg glucosamine and after optimization. the xylanase production was 23.12
U/mg glucosamine. The optimized conditions of SSF system increased xylanase
production by 157 %.

Krisana et al. (2005) isolated fungi strain BCC14405 with thermostable high
xylanase production. This was identified as Aspergillus niger on the basis of
morphological characteristics and internal transcribed spacer (ITS) sequences. The
enzyme produced by fungi strain BCC14405 was endo-1,4-p-xylanase due to homology
of 20-residue N-terminal protein sequence. Xylanolytic activity by strain BCC14405
was optimum at 55 °C and pH 5.0. The enzyme was purified having molecular mass of
21 kDa. Characterization of enzyme was done using xylan Birchwood, showed Km and
Vmax values of 8.9 mg/ml and 11.100 U/mg, respectively. The activity of enzyme was
inhibited by EDTA, CuSO,4 and FeSO,. The gene encoding endo-1.,4-B-xylanase from
BCC14405 was identical to A. miger previously identified gene encoding endo-1.4-
a-xylanase B.

Corral and Ortega. (2006) studied that plant cell walls composed of polymeric
constituents named cellulose, hemicellulose and lignin. Cellulose composed of B-D-
glucopyranosy! residues linked by p-1.4-glycosidic bonds: hemicellulose includes
xylans, arabinans, glucans and mannans: and lignin, polyphenol complex interconnected
with hemicelluloses, forming matrix that surround the cellulose microfibrils. Xylan

hydrolysis requires complex enzyme system action including endo-1.4-B-xylanases,
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APPENDICES

APPENDIX II

Xylose Standard Curve for Xylanase Assay
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