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ABSTRACT
o-Galactosidase and cellobiase were partially purified by acetone precipitation from
fungal isolates while xylanase was partially piurified by ammonium sulphate fractional
precipitation.
o-Galactosidase enzyme was optimally active at 60°C and pH 4.0. Heavy metal
ions such as Ag™ and Hg*" strongly inhibited enzyme activity to about 80.93 % and 51.3 %,
respectively. Among the sugars tested, fructose and galactose inhibited o-galactosidase
activity by 29.41% and 24%, respectively. In the reagents tested, N-bromosuccinimide
inhibited the a-galactosidase activity to about 27%.
Cellobiase was optimally active at 70°C and pH 4.5. Heavy metal ions such as
Fe?* and Cu®" strongly inhibited the enzyme activity to about 87.3% and 84.5%, respectively.
Among the sugars tested, Glucose, galactose and raffinose inhibited B-glucosidase activity
by 100%, 55.3% and 100%, respectively. In the reagents tested, N-bromosuccinimide
completely inhibited the cellobiase activity..
Xylanase was optically active at 55°C and pH 5.0. Heavy metal jons such as Ag’,
Fe**, Hg®" and Ca®* showed complete inhibition of the xylanase activity. Among the sugars
tested, fructose, arabinose, xylose and glucose exhibited total enzyme inhibition. In the
reagents tested 1,10-phenanthroline completely inhibited the xylanase activity while EDTA
to about 76.74% of its original enzyme activity indicating that it is a metalloenzyme.

Key words: a-Galactosidase, xylanase, cellobiase, raffinose



LIST OF TABLES

TITLE PAGE No.

1. Assay of a-Galactosidase 33
2. Assay of B- Glucosidase 34
3. BSA calibration table 36
4. Xylose Calibration table 37
5. Purification chart of a-Galactosidase from fungal isolate 3 43
6. Purification chart of cellobiase from fungal isolate 2 45
7. Purification chart of xylanase from fungal isolate 3 47
8. Effect of metal ions on a-Galactosidase from fungal isolate 3 52
9. Effect of metal ions on a-Galactosidase from ungal isolate 3 53
10. Effect of sugars on a-Galactosidase from fungal isolate 3 54
11. Effect of sugars on a-Galactosidase activity from fungal 55
isolate 3

12. Effect of reagents on o-Galactosidase from fungal isolate 3 55
13. Effect of reagents on a-Galactosidase from fungal isolate 3 56
14, Effect of metal ions on cellobiase from fungal isolate 2 57
15. Effect of metals ions on cellobiase from fungal isolate 2 58
16. Effect of sugars on cellobiase from fungal isolate 2 58
17. Effect of sugars on cellobiase from fungal isolate 2 59
18. Effect of reagents on cellobiase from fungal isolate 2 59
19. Effect of reagents on cellobiase from fungal isolate 2 60
20. Effect of metal ions on xylanase from fungal isolate 3 63
21. Effect of metal ions on xylanase from fungal isolate 3 64
22. Effect of sugars on xylanase from fungal isolate 3 65
23. Effect of sugars on xylanase from fungal isolate 3 66
24. Effect of Reagents on xssylanase from fungal isolate 3 67




LIST OF FIGURES

TITLE PAGE No.

1. Structural relationship of raffinose family of sugars 6
2. Chemical structure of raffinose 7
3. Chemical structure of stachyoe 7
4. Structure of xylan, xylopyranosyl residues linked through B-1, 4 11
linkages; point of xylanase action

5. Ribbion structure of cellobiase in Gaucher disease 14
6. Mechanism of action of p- Glucosidase 29
7. Hydrolysis reaction of lactose 29
8. BSA calibration curve 36
9. Xylose Calibration curve 38
10. Purification of a-Galactosidase ,xylanase and cellobiose from fungal 38
isolates

11. Native PAGE of purified enzyme 48
12. The effect of pH on activity of o-Galactosidase from fungal isolate 1 49
13. The effect of pH on a-Galactosidase from fungal isolate 2 50
14. The effect of pH on a-Galactosidase from fungal isolate 3 50
15. The effect of Temperature on a-Galactosidase from fungal isolate 1 50
16. The effect of Temperature on a-Galactosidase from fungal isolate 2 51
17. The effect of Temperature on a-Galactosidase from fungal isolate 3 51
18.Effect of pH on cellobiase from fungal isolate 2 56
19.Effect of temperature on cellobiase from fungal isolate 2 57
20.Effect of pH on xylanase from fungal isolate 1 .' 60
21.Effect of pH on xylanase from fungal isolate 2 61
22 Effect of pH on xylanase from fungal isolate 3 61
23.Effect of temperature on xylanase from fungal isolate 1 62
24 Effect of temperature on Xylanase from fungal isolate 2 63




LIST OF ABBREVATIONS

Abbrevations \ Explanations
g \ Microgram
E ul \ Microlitre
r Mg ‘ Milligram
Ml \ Millilitre
T H \ Hour
\’ L ] Litre
Min ‘ Minutes
EDTA \ Ethylene diamine tetra acetic acid
E PNPG ) p-Nitrophenyl—a-D-galacto-pyranoside
M ‘ Molar
l mM | Millimolar ‘
L Nm ‘ Nanometer




INTRODUCTION

1



1. INTRODUCTION

1.1 a-Galactosidase
u-Galactosidase (EC.3.2.1.22) is an glycoside hydrolase enzyme that hydrolyzes
(breaks) alpha-1,6-glycosidic bonds in galactosyl oligosaccharides (alpha-galactosides) of
raffinose family of sugars such as raffinose, stachyose and polymeric galactomannans and guar
gum (Dey & Pridham 1972); thus liberating simpler sugars (galactose, glucose, fructose, and
sucrose). Alpha galactosidase is an enzyme that has several different functions. It is used by
intestinal microorganisms to degrade the sugars in the complex carbohydrates found in
vegetables and grains. This process often leads to the production of gases that can cause bloating
and flatulence. This temporary condition may be {reatable with dietary supplements containing
alpha galactosidase. The absence of this enzyme can cause a genetic disorder known as Fabry’s
disease.It also has several industrial applications. (Zeilinger et al., 1993) reported the use of this
enzyme in the paper industry for the hydrolysis of galactomannose, one of the main wood
hemicellulose components. a-Galactosidase has been used in the sugar beet refining, in the
improvement of gellifying properties of thickeners, and galacto-oligosaccharide reduction in
soybean milk and vegetable products (Kotwal et al.,1997). Moreover, it is used in enzyme
replacement therapy for Fabry disease (Zang ef al., 2009).
a-Galactosidases are widely distributed in nature, where it has been purified from a
number of sources including plants, animals and microorganisms. The enzyme is ubiquitous
in legume seeds. It is present in sweet almond (Malhotra & Dey 1967), melon fruit (Zhifang
& Arthur 1999), and immature stalks of sugar cane (Saccharum officinarum) (Chinen ef al.,
1981). Among microorganisms, a-galactosidase activity was first detected in brewers' yeast .
Subsequently, it was also detected in Aspergillus niger (Ronald er al., 1999), Trichoderma
reesei (Zeilinger et al., 1993), Monascus pilosus (Wong et al., 1986), Humicola sp (Kotwal
et al.,1997), Lactobacillus plantarum (Sanni et al., 1995), Aspergillus oryzae (Ramalingam
and Mulimani, 2004) and Penicillium purpurogernum (Ramalingam et al., 2009).
Humans lack the enzyme a-galactosidase, which is required to hydrolyze a-1, 6
bonds of raffinose and stachyose. The undigested raffinose and stachyose enter the colon and

can cause intestinal flatulence when anaerobic microorganisms ferment these



galactosaccharides producing carbon dioxide, hydrogen and methane. This can result in
discomfort, headaches, dizziness, and slight mental confusion, reduced ability 10 concentrate,
slight retinal edema, diarrhoea, dyspepsia, constipation and painful contraction of the colon.
The use of a—_galactosidase is one of the method to reduce the flatulence factors. Although o-
galactosidases have been extracted from microorganisms, only a few arc available
commercially, which are very expensive.

In plants and micro-organisms, the enzyme is involved in a variety of processes,
importantly in the hydrolysis of oligosaccharides such as raffinose and stachyose during the
early germinatiron period, resulting in the liberation of soluble sugars, which may serve as a
ready energy SOUICe for the growing plant (Dey et al., 1972). In animals this enzyme
hydrolyses galactolipids. The reduced activity of u-galactosidase results in Fabry's disease in
humans, a deficiency resulting from the progressive accumulation of globotriaosylceramide
and related glycosphingolipids. Affected patients have microvascular disease of the kidneys,
heart, and brain (Feldt-Rasmussenet et al., 2002). The enzyme also occurs in brain tissues
with possible involvement in the hydrolysis of monogalactosyldiglycerides and digalactosyl
diglycerides (Subba Rao et al., 1970).

The hydrolytic action of alpha-galactosidase on various Sugars is shown as below:
Melibiose yields D-galactose and D-glucose,
Raffinose yields one molecule of galactose and sucrose,
Stachyose yields two molecules of galactose and Sucrose,

Verbascose yields three molecules of galactose and sucrose.

1.1.1 Specificity
u-Galactosidase exhibited a broad range of specificity and removes the
terminal o~ D-galactose attached by a-1,2-, a-1,3-, a-1,4-, and o-1,6-linkages (Dey
and Pridham, 1972, Varbanels et al., 2001). a—Galactosidase exhibits two Types of
activity. They are as follows:
A. Hydrolase activity, and
B. Transgalactosylase activity.

3



A. Hydrolase activity:

The configuration of hydrogen and hydroxyl groups on any single carbon atom of
a glycosidic substrate plays an important role on the hydrolytic action of particular
hydrolases. The hydrolytic action of a—galactosidase on its substrate depends on two main

factors, which are as follows:

) The ring structure of the substrate must be pyranoid, and
it) The configuration —H and —OH groups on carbon atoms 1, 2, 3, and 4 must be

similar to that on ¢~D-galactose.

Iike other carbohydrates, a-galactosidase can also tolerate at C-6 of the glycosy!
moiety of the substrate. Hence, o—galactosidase from several sources has the capacity to
hydrolyze B-L-arabinosides. However, a-galactosidase from  Streprococcus bovis,
Diplococcus preumoniae and Calvatia cyathiformis cannot act on arabinosides (Dey and
Pridham, 1972) have reported that p-nitrophenyl o—D-fucoside can be hydrolysed by o—
galactosidase, because p-nitrophenyl a—D-fucoside has the similar configuration with that of
D-galactose. a—Galactosidase from sweet almond and yeast are not able to hydrolyze the a-

isomer of D-glycero-D—galactoheptoside.
B. Transgalactosylase Activity

Blanchard and Albon (1950) for the first time reported the transferase properties
o—galactosidase from yeast. They found that galactose from one melibiose was transferred to
a second melibiose acceptor molecule leading to the formation of manninotriose. This
transgalactosylation property of u-galactosidase was studied extensively with respect to the
specificity of galactosyl donor and acceptor specificity, donor and acceptor concentration,
pH, temperature and the source of enzyme (Dey and Pridham, 1972). Apart from hydrolase
activity, a—galactosidase also exhibits transglycosylase properties, but relatively at high
substrate concentrations (Ohtakara et al. 1984).

4



In tranglycosylation reactions, glycogen moiety from donor is accepted by
hydroxyl group of methionine present at the active site of a-galactosidase from Trichoderma
reesi (Eneyskaya er al, 1998). Van Laere et al., (1999) reported that o-galactosidase from
Bifidobacterium adolescentis synthesized stachyose in the presence of raffinose, and from

stachyose, verbascose was obtained.
1.1.2 Raffinose-family of sugars

The oligosaccharides belong to raffinose-family sugars are raffinose, stachyose and
verbascose. These sugzirs contain one, two or three galactose units joined to sucrose by o—
1,6-linkages. The raffinose-family sugars have been identified as one of the contributors of
flatus (gas production) inhuman and experimental animals (Cristafaro et al., 1973). The
raffinose family of oligosaccharides (RFO) are almost ubiquitous in the plant kingdom,being
found in a large variety of seeds. Humans and other monogastric animals do not possess the
alpha-galactosidase enzyme to break down these RFO and the oligosaccharides pass
undigested through the stomach and upper intestine.In the lower intestine they are fermented

by gas-producing bacteria that produce carbon dioxide, methane or hydrogen.

1.1.3 Raffinose

Raffinose[O-o-D-galactopyranosyl-(1—6)-a—D- glucopyranosyl-(1—2)-p-D-fructo
furanoside] is a complex carbohydrate.It can be found in beans, cabbage, broccoli, other
vegetables and whole grains. Raffinose was first isolated in a crystalline form from
Eucalyptus mann (Johnston, 1843). Raffinose and related oligosaccharides accumulates
during seed maturation (Holl and Vose, 1980). Raffinose-family oligosaccharides are
. important sugar translocators in several plant species, such as cucurbits. The accumulation of
raffinose is often linked to frost-hardiness of plants and their levels can be regulated by both

temperature and photoperiod.



1.1.4 Stachyose

Stanhyose[O-u—D-galactopyranosyl—(l——>6)-a—D-galactopyranosyl-(l—-*6)-(1-D-g1uco

pyra.nosyl-(l —-+2)—B—D-fructofuranoside] was first isolated from the rhizomes of Stachys
tubifera (DeY, 1985). In storage 0rgans, for example tubers of Stachys steboldi, vacuoles are
the site of storage of stachyose. The mechanisms of uptake of oligosaccharides and sucrose
are quite similar. A steep concentration gradient of stachyose from cytosol to vacuole exists

and the transport is antiport manner (Keller, 1992).
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Figure 1: Structural relationship of raffinose family of sugars
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1.1.5 Verbascose

Verbascose[O-a-—D-galactopyranosyl-(l ——>6)-0.—D-galactopyranosyl-(l —6)-a~D-

galactopyranosyl—(l—->6)-0L—D-g1ucopyranosyl-(1—->2)—B-D-fructofuranoside] was first
isolated from the roots of Verbascum thapus by (Bourquelot and Bridel 1910). In vifro
experiment using an enzyme preparation from the mature seeds of Vicia faba demonstrated

that the transfer of galactinol 0 stachyose yielding verbascose.

T
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Figure 23 Chemical structure of Raffinose
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Figure 3: Chemical structure of stachyose

1.1.6 Applications of a-Galactosidase

u-—Galactosidase is widely distributed in nature. o—Galactosidases are 2
group of exotype carbohydrases, which release g-D-galactose from melibiose, raffinose.
stachyose, verbascose, galactomannans glycoproteins, ceramide trihexosides and the higher

homologous as well as derivatives (Dey and Pridham, 1972)

a—Galactosidase has the following applications:
A. Beet sugar industry B. Pulp and paper industry

C. Food processing industry D. Medical application
7



E. Hydraulic fracturing of oil and gas wells

1.1.6.1 Applications of o—galactosidase in beet sugar industry:

The content of raffinose in the sugar beet is gradually increased during storage
and usually it comes to 0.15%. In the beet sugar industry raffinose is known as an obstacle
substance for the normal crystallization of beet sugar.The only alternative before the beet
sugar industry is the use of crude o-galactosidase (Puchart ef al., 2000). Crude a-
galactosidase from microbial sources is used to hydrolyze raffinose into galactose and

sucrosec.

1.1.6.2 Use of a-galactosidase in pulp and paper industry:

Next to cellulose, hemicelluloses are the most abundant polysaccharides in nature.
The major constituents of hemicellulases are hetero-1 4-B-D-xylans and the hetero-1,4- B-D-
mannans (galactoglucomannans and glucomannans). Heteroxylans are most abundant in
softwoods. In the case of galactomannans (softwood), enzymatic hydrolysis occurs with the
concerted action of the following hydrolytic enzymes: endo-B-1,4-mannases [EC 3.2.1.78],
a-galactosidase [3.2.1.22], and B-glucosidase [3.2.1.21]. In the soft wood pulp bleaching,
microorganisms, which could produce enzymes B-mannases and a-galactosidase without

cellulose, are preferred to avoid the degradation of cellulose (Zeilinger et al., 1993).

1.1.6.3 Application of a-galactosidase in food processing industry :

o-Galactosidase is potentially important in the hydrolysis of raffinose-family of
oligosaccharides (raffinose, stachyose, verbascose and ajugose) in pulses. While pulses are
good sources of rprotein,, many common varieties of pulses are known to contain anti-
nutritional factors including oligosaccharides of the raffinose-family, in which galactose is
present in o-linkage are present in mature seeds (Shallenberger and Moyer, 1961). Raftinose
and stachyose present in soymilk and pulses are responsible for intestinal discomfort and

fiatulence.



1.1.6.4 Medical applications of a-galactosidase:

The o-galactosidase is capable of hydrolyzing the non-reducing terminal o-D-
galactopyranosyl residue of blood group—B erythrocytes, thus leading 10 blood group O -
erythrocytes. o-Galactosidase from a number of plant and microbial sources is able to release
D-galactose from blood group-B. However, hydrolysis of the terminal a-galactopyranosyl
moieties of the blood group-B substances has been reported for 2 limited number of &-
galactosidases, including those from coffee beans, soybeans, Streptomyces  Sp- and
Trichoderma foetus. Fabry disease of humans is due to 2 deficiency of thermolabile
lysosomal g-galactosidase. a-Galactosidase may be used in the near future for such medical

puUrposes as enzyme therapy

1.2 Xylanase
xylanase (E.C32.1.8) deconstructs plant structural material by breaking down
hemicellulose, a major component of the plant cell wall. Plant cell walls are necessary 10
prevent dehydration and maintain physical integrity. Many microorganisms produce
xylanase, but mammals do not. Some herbivorous insects and crustaceans also produce
xylanase. Kylanase belong to the glucanase enzyme family and are characterized by their
ability to break down various Xylans to produce short-chain xylo-oligosaccharides‘ Xylanase
readily crystallizes in ammonium sulphate and sodium/potassium phosphate across pH 3510
9.0. Xylanase can also be crystallized with other salts, polymers, and organic selvents.
Xylanase solubility increases with increasing temperature in moderate concentrations of
ammonium sulphate. Xylanase solubility in phosphate buffer pH 9 decreases in the
temperature range of 0-C to 10-C. But remains constant in the pH range of 10 through 37°C.
Xylanase has been extracted from mamy different fungi, bacteria and actinomycetes. It is
commonly used in animal feeds, paper production and food production.
Microbial xylanases have commercial applications in agriculture, industry and
human food production. Xylanases are useful in bioconversion of lignocellulosics 10 fuel and

chemicals, to improve silage for better digestion by ruminants, to 1mMprove quality of

detergent, and also used for clarification of juices, in flour improvements for bakery products

9



and controlling environmental hazards through biopulping. Xylanases used in pulp pre-
bleaching process remove the hemicelluloses, which bind to the pulp. The hydrolysis of pulp
bound hemicelluloses releases the lignin in the pulp, reducing the amount of chlorine
required for conventional chemical bleaching and minimizing the toxic, chloroorganic waste.

Therefore, xylanases from alkalophilic bacteria actinomycetes have been studied
widely. The use of thermostable alkaline xylanases for enzyme assisted pulp bleaching could
greatly reduce the need for pH and temperature adjustment, thus offering enormous technical
and economic advantages. Thermostable xylanases active at alkaline pH are of great interest
for application in the pulp and paper industry to decrease the consumption of chlorine

chemicals,

1.2.1 Xylan

The substrate for xylanase is xylan, which is an important constituent of the plant cell
wall. Xylan, a polymer with a -1, 4- linked backbone of xylose, is the major carbohydrate in
the hemicellulose portion of plant cell walls. Xylan is the most abundant nonceliulosic
polysaccharide present in both hardwoods and annual plants, and accounts for 20-35% of the
total dry weight in tropical plant biomass. In temperate softwoods, xylans are less abundant
and many comptise about 8% of the total dry weight. The principal monomers present in
most of the hemicellulose are D-mannose, D-galactose and L-arabinose. The main chain of
xylan is made up of B-xylopyranose residues that are linked by B-(1—4) linkages.

Xylan is considered to be forming an interphase between lignin and other
polysaccharides. It is likely that xylan molecules covalently link with lignin phenolic
residues, and also interact with polysaccharides, such as pectin and glucan. In simplest
forms, xylans are linear homopolymers that contain D-xylose monomers linked through B-1,

4-glycosyl bonds.

10
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Figure 4: Structure of xylan, xylopyranosy! residues linked through -1, 4 linkages;

point of xylanase action is shown

1.2.2 Applications of xylanase

Xylanase has proven useful in many ways:

1 Biobleaching paper pulp: The use of xylanase leads to a reduction in organo-chlorine
pollutants such as dioxin from the paper making process. In addition, chlorine-free bleaching
(such as peroxide or ozone bleaching) can achieve brighter results with the addition of
xylanase. Because xylanase does not harm cellulose, the strength of the paper product is not

- adversely affected.

2 Improving animal feed: Adding xylanase stimulates growth rates by improving

digestibility, which also improves the quality of the animal litter.It also changes
hemicellulose to sugars so that nutrients formerly trapped within the cell walls are released.

3 Improving silage (or enhanced fermentative composting): Treatment of forages with
xylanase (along with cellulase) results in better quality silage and improves the subsequent
rate of plant cell wall digestion by ruminants. There is a considerable amount of sugar
sequestered in the xylan of plant biomass. In addition to converting hemicellulose to nutritive
sugar that the cow or other ruminant can digest, xylanase also produces compounds that may

be a nutritive source for the ruminal microflora.

4. In Baking: Xylanase transforms water-insoluble hemicelluloses into soluble form, which
binds water in the dough,therefore decreasing dough firmness, increasing volume and

creating finer and more uniform crumbs. Thus it is used to improve dough handling
11



properties, © enhance bread quality, extend shelf life by reducing the staling rate, and they
appear to be particularly effective in straight dough process.

1.3 Cellobiase or B-Glucosidase

B-Glucosidase (Cellobiase of p-D-glucoside glucohydrolases; EC 3.2.1.21) catalyze
the hydrolysis of B—(1,4)—g1ucosidic linkages in the terminal non-reducing B-glucoside
residues of cellobiose and lactose in to simple sugars (glucose and galctose) as well as the
synthesis of oligosaccharides by tranéglycosylation (Chodi Masui et al., 2009). Thus, B-
glucosidase not only produces glucose from cellobiose, but also reduces cellobiose inhibition
allowing endoglucanase and exoglucanase enzymes to function more efficiently (Christine
Riou et al., 1998).

In humans and other mammals the enzyme is involved in the hydrolysis of fatty
substance glucosyl ceramides. The deficiency of the enzyme leads to Gauchers’s disease.
This can result in enlarged spleen and liver, liver malfunction, skeletal disorders and painful
bone lesions, swelling of lymph nodes, distended abdomen, a brownish tint to the skin,
anemia, low blood platelets and yellow fatty deposits on the white of the eye. Fungal B-
glucosidases have broad substrate specificity and are used in a range of biotechnological
processes. The most intensively studied area of their application ‘s the saccharification of
high cellulosic biomass in 10 fermentable sugars for fuel ethanol production (Ming Chen ef al
.,2006).

The B-glucosidase catalyse the hydrolysis of lactose (Korish M e? al ., 2007), in
addition to that they catalyse transgalactosylation reaction(. Both the hydrolase and
transferase activity have recently attracted interest because of possible applications in food
industries, such as production of low lactose milk whi_ch alleviates lactose maldigestion
problems such as abdominal pain, flatulence or diarfhoea which may resuit from the
fermentation of undigested lactose by colonic bacteria with production of Hy, CHa, CO2 and
short chain organic acids. Also the hydrolysis of lactose is industrially beneficial to

overcome lactose crystallisation in condensed milk and ice cream.
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B-Glucosidase plays an important role for cellulose saccharification and
transglycosylation reactions on an industrial scale. These types of reactions have great
importance in wine industry because of its ability to improve the release of aromatic
compounds like terpenol from the ghucosidic precursor terpenylglucoside in mango and
grapes. p-glucosidases are more effective and specific than acid hydrolysis process for
liberating terpenol from terpenylglucoside. These glycosidically bound volatiles also have
interest in the food, cosmetic and tobacco industries.

Oligosaccharides synthesized by enzymes are mainly used as food additives in
beverage, infants milk powder, yoghurts, chewing gums, in the manufacture of candy, pasiry.
bread and jam .In the food industries, p-glucosidase is used as a tool for the hydrolysis of
glucosidic Jinkages in various food materials, such as increase in starch recovery from
potatoes, extraction of essential oils and the extraction of green ica components. In the
flavour industry, B-glucosidase are key enzymes 10 release flavour compounds (Christine
Riou ef al., 1998). from glucosidic precursors present in fruits and fermenting products. In
the pulp and paper industry, cellulases having high ratio of B-glucosidase have been
employed for modification of mechanical pulp, deinking of recycled fibres and preparation

6f biodegradable cardboard (Ashok Pandey et al., 2005).

1.3.1 Ribbon structure of p- Glucosidase

X-ray structure of human acid-p-glucosidase, the defective enzyme in Gaucher
disease. A cluster of mutations in o-helix 7 that cause Gaucher disease. Transparent ribbon
diagram showing the three domains of acid-pglucosidase but rotated 90° around the x axis
to look down helix 7, which is shown in red. The amino acids on this helix that are mutated
in Gaucher discase (R359, Y363, $366, T369 and N370) are shown as red balls and sticks.

E235 and E340 (the active-site residues) are shown with carbon atoms as yellow balls and

oxygen atoms as red balls.
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Figure 5: Ribbion structure of cellobiase in Gaucher disease.
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2. LITERATURE REVIEW

2.1 a- Galactosidase

The o - galactosidase (v-gal) (0-D-galactoside galactohydrolase, EC.3.2.1.22) is an
exoglycosidase that catalyses hydrolysis of terminal a-1-6 galactosidic bonds present in
oligosaccharides (0-galactosides) of raffinose family sugars such as melibiose, raffinose,
stachyose and polymeric galactomannans and guar gum (Dey & Pridham, 1972; Naumoff
2004). Moreover, it also hydrolyses glycoproteins and glycosphingolipids. a-Galactosidases
have many potential biotechnological applications. a-Galactosidases are widely distributed
in nature, where it has been purified from a number of sources including plants, animals and

microorganisms.

2.1.1 Specificity:

a-Galactosidase exhibited a broad range of specificity and removes the terminal
o~D-galactose attached by 0-1,2-, a-1,3-, a-1,4-, and a-1,6-linkages (Dey and Pridham, 1972,
Varbanels et al., 2001). a-Galactosidase exhibits two types of activity. They are as follows:

A. Hydrolase activity, and

B. Transgalactosylase activity.
A. Hydrolase activity :

a-Galactosidase from Streptococcus bovis, Diplococcus pneumonia and Calvatia
cyathifomis cannot act on arabinosides (Dey and Pridham,1972). Dey and Pridham (1969}
have reported that p-nitrophenyl-a—D-fucoside can be hydrolyzed by alpha-
galactosidase,because p-nitrophenyl-a-D-fucoside has the similar configuration with that of
D-galactose. a-D-Galactopyranosy! residues from galactomannan are released during seed

getrmination and serves as energy source for the growing seedling(McCleary ef al.,1981).
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B.Transgalactosylase activity:

The galactose from one melibiose was transferred to a second acceptor molecule leading to
the formation of mannanotriose.This trsglycosylation property of w-galactosidase was
studied extensively with respect to the specificity of galactosyl donor and acceptor
specificity,donor and acceptor concentration,pH,temperature and source of enzyme(Dey and
Pridham, 1972). Apart from hydrolase activity, alpha-galactosidase also exhibits
transglycosylase properties, but relatively at high substrate concentrations (Ohtakara ef al.,
1984; Van Laere ef al., 1999). In recent years, transglycosylation catalysed by o-
galactosidase is receiving a considerable attraction form investigators (Eneyskaya ef al.,
1998; Van Laere et al., 1999; Spangenberg et al., 1999; Andre et al., 2001). At high substrate
concentrations, 64% of the enzyme showed transglycosylation activity.Disaccharides is
found to be good acceptors (Hinz ef al., 2005). Transglycosylation activity showed that the
enzyme has two galactose binding sites and hydrophobic site in its active center (Eneyskaya

et al., 1997).

2.1.2 Raffinose family sugars:

The raffinose family sugars have been identified as one of the important
contributors of flatus (gas production) in human and experimental animals (Cristafaro ef al.,
1973).
2.1.2.1 Raffinose:

Raffinose was first isolated in a crystalline form from Eucalyptus mann (Johnston,

1843).Raffinose and related oligosaccharides accumulates during seed maturation (Holl and
Vose, 1980).
2.1.3 Stachyose:

Stachyose was first isolated from the rhizomes of Stachys tubifera (Dey, 1985).
2.1.4 Verbascose:

Verbascose was first isolated from the roots of Verbascum thapus by Bourguelt
and Bridel (1910).
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2.2 Xylanases

Xylanases are genetically single chain glycoproteins, ranging from 6-80 kDa,
active between pH 4.5-6.5, at 40-60°C. Xylanases from different sources differ in their
requirements for temperature, pH, etc. for optimum functioning. The complete enzymatic
hydrolysis of xylan into its constituent monosaccharides requires the synergistic action of a
group of xylanolytic enzymes. This is due to the fact that xylans from different sources
exhibit a significant variation in composition and structure (Hazlewood and Gilbert, 1993;
Cesar and Mrsa, 1996; Latif et al., 2006). The most important enzyme is endo-1,4-xylanase
(EC 3.2.1.8) that initiates the conversion of xylan into xylooligosaccharides. Xylosidase,
debranching enzymes (L-arabinofuranosidase and glucuronidase) and esterases (acetyl xylan
esterase, feruloyl esterase) allow the complete degradation of the xylooligosaccharides to
their monomeric constituents (Jeffries, 1996; Biely et al., 1997; Subramaniyan and Prema,
1998).

The heterogeneity and complexity of xylan has resulted in an abundance of diverse
xylanases with varying specificities, primary sequences and structures. Wong ef al. (1988)
classified xylanases into two groups on the basis of their physicochemical properties: (i)
having low molecular mass (<30 kDa) and basic pl, and (if) having high molecular mass
(>30 kDa) and acidic pl. However, many xylanases, in particular fungal xylanases, cannot be
classified by this system. A more complete classification system has been introduced which
allows the classification of not only xylanases, but also of glycosidases in general. This
system has now become the standard means for the classification of these enzymes. It is
based on primary structure comparison of the catalytic domains only and classifies the
enzymes in families of related sequences (Henrissat and Coutinho, 2001).

Different enzymes may be more effective in the hydrolysis of xylobiose, substituted
xylo-oligosaccharides, xylosyl substituents or oligosaccharides containing xylosyl and other
residues. The different forms may also have varying abilities to interact with xyldnases in
xylan hydrolysis (Reilly, 1981). Three apparent xylosidases have been classified as

'exoxylanases' because they have detectable activity on xylan. Two of these enzymes
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apparently lack transferase activity and one enzyme causes configuration inversion (initially
vield a-Dxylose during hydrolysis), which is the characteristic used to distinguish between
B-glucosidases and exoglucanases (Reilly, 1981; Eriksson and Wood, 1985).

Furthermore, an exoglucanase from Trichoderma yiride has been shown fo attack
xylan in an endwise fashion to initially yield xylobiose. Exoxylanases increase the rate of
xylan hydrolysis by attacking large xylo-oligosaccharides that are released by endoxylanases
and are ineffectively hydrolyzed by p-xylosidases. This form of cooperation would not be
expected 10 increase the extent of hydrolysis unless other factors are involved e.g
accessibility of xylosidic linkages in short and/or branched xylo-oligosaccharides, reduction
of product inhibitions, or amounts of extracellular ﬁ-xylosidases (Shikata and Nisizawa,
1975). Xylans are usually cleaved at unsubstituted regions t0 yield mixtures of
unsubstituted xylo-oligomers, as well as short and long chain substituted xylooligomers.
Removal of the substituents groups by auxiliary enzymes creates new substrates for

endoxylanase (EC32.1.8) action (Si, 1997; Maheshwari et al., 2000).

2.2.1 Xylanase production

The various biotechnological techniques like submerged and solid state fermentation
are employed for xylanase biosynthesis (Cai et al., 1998; Gawande and Kamat, 1999
Kansoh and Gammel, 2001). The submerged fermentation is most beneficial as compared 10
other techniques due t0 more nutrients availability, sufficient oxygen supply and less time
required for the fermentation (Hoq et al., 1994; Gomes et al., 1994; Veluz ef al., 1999; Bim
and Franco, 2000; Gouda, 2000). The production of microbial xylanases is preferred over
plant and animal sources because of their availability. structural stability and easy genetic
manipulation (Bilgrami and Pandy, 1992)-

Over the years, 2 pumbet of organisms including the strains of Penicillium spp (Fadel
and Fouda, 1993; Gasper et al., 1997), Trichoderma reesei (Liu et al., 1999), Aspergillus
nidulans.(Pinaga et al., 1994; Ganga e al., 1998), Aspergillus Kawachii (1to et al.. 2000),
Streptomyces (Patel et al., 1994, Kansoh and Gammel, 2001) and Bacilus pumilus (Rashid,

1999) are being manipulted for xylanase biosynthesis. However, Aspergillus niger 18
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described as the most potent organism for xylanase biosynthesis (Wang et al., 1998; Chen ef
4L, 1999; Wu et al., 2000; Hag ef al., 2002b). |

Aspergillus niger has been investigated for xylanase synthesis and Gawande and
Kamat (1999) reported maximum Xxylanase activity (26.7 [U/m)) after 48 hours of incubation
whereas, Chen ef al. (1999) reported maximum enzyme recovery (357.2 U/ml) at 28-32°C
after 60 hrs of incubation. Palma ef al. (1996) and Kohli e? al. (2001) observed maximum
enzyme production after 96 hrs. However, in another study conducted by 1smail (1996),
Aspergillus niger A-20 produced highly active enzyme system in shake flask culture when
the fermentation was carried out for 5 days. Agricultural waste materials/by products like
wheat bran, com cobs, sugar cané bagasse , rice husk, rice straw and oat straw have been
used by many scientists for xylanase synthesis (Siedenberg éf al., 1998; Christov éf al., 1999;
Gawande and Kamat,1999; Haq éf al.. 2002). When sugarcane bagasse was used as
subsratse, the crude enzyme produced highest yields (026 g/2) of reducing sugar
(Sawarachom, 1999).

During the investigations on biosynthesis of xylanase from Aspergillus niger using
pure xylan polymer, wheat bran, sugar cane bagasse and rice straw, it was observed that
wheat bran gives maximum activity of xylanase as compared to other substrates (Ferriera ef
al., 1999; Park et al., 200Z; Haq et al., 2002a).Grajek and Gervais, (1987) produced D-
xylanase by thermophillic fungi using different culture methods. Seven strains of fungi were
examined for their ability to produce xylanase in liquid and solid state fermentation. It was
found that the best organisms for xylanase synthesis were H. lgnuginosa and S. thermophile.

Mutant strains of Aspergillus niger NCIM 1207 when tested for xylanase, CMCase and
B-glucosidase production, it secreted low jevels of all enzymes in the culture broth. However,
mutants UV-10 and UVII-39 showed almost two times enhanced productivity of xylanase
over the wild strain in shake flask culture (Gokhale et al., 1988). Biswas et al. (1990)
produced xylanase from Aspergillus ochraceus employing both fermentation methods i.e.
liquid broth and solid state fermentation. The enzyme Wwas purified using ammonium
sulphate precipitation and gel filtration. The optimum pH for the enzyme Wwas found to be

6.0.
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Chen et al. (1990) screened a strain of Aspergillus niger C-2 from the soil and
treated with UV and EMS to obtain mutant colonies and the conditions for submerged
fermentation were studied. The produced enzyme had weak thermal stability and when
incubated at 55°C for one hour, it lost 60% of its stability. Higher levels of xylanase and B-
glucosidase have been obtained when A. niger NCIM 1207 was cultivated by submerged
fermentation. Ammonium sulphate, ammonium-di-hydrogen-orthophosphate and corn-steep
liquor were found to be the best carbon source for the production of enzymes (Gokhale ef al.,
1991).In another study, Haq ef al. (1993) obtained higher yields of xylanase and cellulase
when A. niger was cultured on wheat bran. Different culture conditions like enzyme
synthesis rate, effect of diluents and nitrogen sources Were optimized for the maximum
recovery of cellulase and xylanase. Costa el al. (1994) investigated A. niger CCMI 850 for
the production of xylanolytic enzymes in batch cultures with 4% xylan as carbon source. A
maximum activity of 65 TU/m] of p-xylanase was observed during the experiment. Likewise,
Siedenberg et al. (1997) produced xylanase from A. niger awamori on synthetic medium and
investigated the role of stirred tank and airlift tower top reactors; stirrer speed and phosphate
concentration for xylanase biosynthesis. The highest xylanase activity was obtained at
intermediate stirrer speed and low phosphate concentration.

Veluz et al. (1999) screened 67 strains of Rhizopus sp. on the basis of their capability
to produce xylanase in solid state and liquid fermentation method. The highest xylanase
activity of 516 [U/mi for liquid culture was exhibited by strain Rhizopus peka from
Philippine. For solid state fermentation, the highest activity of 7802 {U/m] was achieved by
Rhizopus sp- MKU 32 from Thailand. The xylanase can be synthesized by Trichoderma reesi
by providing proper fermentation conditions. The rate of synthesis depends on the nature of
carbon source, 1ts concentration and carbon to nitrogen ratio. It can be enhanced by
reducing the carbon source and increasing C/N ratio (Liu et al., 1999). Xiong ef al. (2005)
studied the effect of L-arabinose-rich plant hydrolysate for the synthesis of xylanase by T.
reesi C-30. The researchers reported higher activities of xylanase in cultures containing oat
husk and sugar beet pulp hydrolysate than on lactose. The xylanase activity was about 9

times higher with oat husk (510 [U/m!) than in lactose (60 1U/mi). In the case of batch
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cultivations on sugar beet pulp hydrolysate and lactose even higher xylanase activity
(6301U/ml) was obtained.

Gokhale et al. (1986) obtained higher yields of the enzyme when A. niger NCIM 1207
was grown on either xylan (3%) or wheat bran (4%). The optimum pH and temperature for
p-xylosidase were 4.5 and 650C respectively.Bailey et al. (1992) used A. fumigarus and A.
oryzae for kylanase production using the xylan as carbon source. A. fumigatus produced
higher levels of xylanase on insoluble xylan than on soluble oligosaccharides due to the
presence of inhibitors. 1t produced high levels of xylanase at pH below 3.0. In case of birch
wood xylan, 4. oryzae produced less xylanase activities as compared to 4. fumigatus. Cai et
al. (1997) studied the potential of A. niger A3 for the production of xylanase in solid state
fermentation. At the initial pH 4.6, temperature 28°C, 1.0 ml spore suspension inoculum,
ratio of wheat bran to bagasse 1: 1.5 and fermentation for 72 hours; optimum activity of
xylanase (51471U/g) wasobserved.

In another study, Chen ef al. (1999) investigated 150 fungal strains
for xylanase synthesis. Fight strains produced mainly xylanase with activity more than 100
TU/ml. The fungus No 49 produced the highest activities of xylanase and was identified as 4.
niger. The most suitable medium for the xylanase synthesis was NaNO3 1% and wheat bran
1% that was prepared in Mandel’s nutritional solution without NH4804 and Urea. After
incubation by shake flask fermentation, the maximum activity (357.2 [U/ml) was obtained at
18-32°C and 60 hours of incubation period. The optimum pH for the xylanase activity was
4.6 and the enzyme was able to retain its stability between the pH values 3-11.

Gawande and Kamat {1999) separated xylanase using affinity precipitation and a
commercial enteric polymer Eudragit $100 from crude culture filtrates of Aspergillus sp 5
and Aspergillus Sp 44. The vyields after precipitation were 853 and 82.7% and the
purification folds in specific activity were 10.8 and 4.08 for Aspergillus sp 5 and Aspergillus
sp 44, respectively. The analysis of zymograms revealed the recovery of three and two
forms of xylanases from Aspergillus sp 5 and Aspergillus Sp 44, respectively. Later,
Gawande and Kamat (1999) studied A terreus and A. niger for the production of xylanolytic
enzymes. 1t was found that the both strains produced valuable amounts of xylanase with

almost undetectable activities of cellulase under solid state fermentation conditions. The
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medium of A. rerreus consisted wheat bran moistened with Mandel’s and Stenberg mineral
solution containing 0.1 % tryptone at 35°C. Aspergillus terreus produced 68.9 1U/ml of
xylanase and 4. niger 14.5 [U/ml.

During another research work, Gouda (2000) evaluated 4. tamarii for the biosynthesis
of xylanase in both solid state and submerged fermentation methods. The fungus produced
the maximum xylanase activity (124.83U/ g} in solid state method when corncobs were used
as carbon source. In case of solid state fermentation, the optimum temperature was 35°C
while 30°C was found to be the best for maximum enzyme recovery during submerged
fermentation.

The cellulase free, endo 1,4-B-xylanase production was carried out at 50°C and pH
8.5 by Thermoactinomyces thalophilus. The maximum xylanase activity was achieved in the
fermentation medium using birch wood xylan as carbon source afier 96 hours of growth
(Kohli et al., 2001).Kansoh and Gammal (2001) isolated 24 strains of Streptontyces from soil
and evaluated their ability to produce xylanase. Among all the isolates, Streptomyces lividans
was found the most potent to produce xylanase. The optimum temperature and time of
incubation for xylanase activity were 5 days and 30°C, respectively. Park et al. (2002)
optimized conditions in solid state fermentation for xylanase synthesis. The activity of
xylanase obtained after 5 days of fermentation was 50171 TU/ml.

Similarly, Haq et al. (2002) used the mutant strain 4. niger GCBMX-45 for enhanced
xylanase production. The organism Wwas found to produce high activities of xylanase
(1845U/g). Later, it was selected for optimization of conditions for solid state fermentation.
Ten gram wheat bran with 1: 1 dilution ratio was found to be the best for optimum xylanase
synthesis. The xylanase production obtained from the mutant strain was 1.36 folds higher
than the parental A. niger. Senthilkumar et al. (2005) used 4. fischeri to produce alkali-stable

xylanase at pH 9.0 using wheat bran as carbon source in solid state fermentation.

2.2.2 Xylan
Xylan is the major type of hemicellulose and its hydrolysis depends on two
classes of enzymes. The Endoxylanases (EC 3.2.1.8) cleave the xylan backbone into smaller

parts like oligosaccharides that are further degraded to xylose by xylosidases (EC 3.2.1.37).
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During the last few decades, great interest has been developed in xylan and its hydrolytic
enzymatic complex, for application in bread production, supplement in animal feed,
preparation of drinks, textiles, bleaching of cellulose pulp, ethanol and xylitol production.
The plant cell wall is a composite material in which cellulose, hemicellulose .
(mainly xylan) and lignin are closely joined together. Xylan is the second most abundant
polysaccharide and major component i1 plant cell wall that consists of B-l,4-linked
xylopyranosyl residues (Puls, 1997). The structure of xylans found in cell walls of plants can
differ greatly depending on their origin and different Structures attached to the xylan
hackbone. Although most of the xylans have branched structures. however some linear
polysaccharides have been isolated (De Vries and Visser, 2001). Lignin is bound to xylans
by an ester linkage 10 4-O-methyl-D—glucuronic acid residues. These linkages in
lignocellulose can be disrupted by using various pretreatment methods that expose most of
the polysaccharide components 10 enzymatic hydrolysis (Chang ef al.., 1981).
Selective hydrolysis of xylan has been observed when purified (Paice and Jurasek,
1984) and crude enzyme was applied in which cellulases were inhibited (Mora ef al., 1986).
In all of these cases, complete removal of the xylosyl residues from the fibers was not
achieved. The residual xylosyl residues may be inaccessible 10 xylanolytic enzymes due 10
the presence of substituents; modification of fiber synthesis and occurrence of xylans
enclosed by other polysaccharides. There are observations which suggest that cellulose is
protected from cellulases due to xylan and mannarn (Sinnet ef al., 1979). When xylan or
mannan 1S selectively removed from delignified fiber, the residual cellulose becomes
accessible t0 cellulase hydrolysis. However, a similar prehydrolysis of cellulose or mannan
does not ImMprove accessibility of xylan to xylanases. Selective removal of xylans increases
accessibility of other polysaccharides due to increased fiber porosity that is positively
correlated with cellulose hydrolysis in pretreated fibers (Grethlein, 1985; Wong ef al., 1988).
In cereals, arabinoxylans ar¢ among the major non-starch polysaccharides. They
constitute 4-8% of barley kernel and represent 25 and 70% of the cell wall polysaccharides
of endosperm and aleurone layer, respectively.- The arabinoxylans are partly water-soluble
and result in highly viscous aqueous solution (Dervilly Pinel et al., 2001). Cereal xylans

contain large quantities of L-arabinose and therefore, often referred as arabinoxylans
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whereas, hardwood xylans are often referred to as glucuronoxylans due to large amount of
D-glucoronic acid attached to the backbone. Arabinose is connected to the backbone of xylan
vig a-1,2 or a-1,3 linkage either as single residues or as short side chains. The side chains
also contain xylose o-1 .2-linked to arabinose, and galactose, which can be either B-1,5-linked

to arabinose or o-1,4-linked to xylose (De Vries and Visser, 2001).

2.2.3 Purification and characterization
During enzyme production, in addition to the required enzyme, growth medium may have
some undesirable metabolites of the micro-organisms which lead to lower enzyme activity.
Purified enzymes exhibit higher activity, lesser risk of harmful substances and better
application for the specific product. Moreover, characterization of enzyme is vital to achieve
better performance in a particular application; as it provides information regarding suitable
conditions for enzyme functioning.

Kavita et al. (2002) observed higher yields of xylanase (40 TU/ml) when grew A.
nidulans KX-99 on a basal medium supplemented with wheat bran (2% w/v) and KNO3 (at
0.15% N) at pH 10.0 and 37°C. The enzyme was alkaline, thermostable and the optimum
activity of partially purified xylanase was found at pH 8.0 and 55°C temperature. It retained
more than 80% of its activity at 55°C over a broad pH range of 4.0-9.5. In another study,
Taneja et al. (2002) used A. nidulans KK-99 to produce xylanase and reported an activity of
401U/ml when incubated in basal medjum containing 2% wheat bran (w/v) and KNO3
(0.15% N) at pH 10.0 and 37°C. The partially purified enzyme showed maximum activity at
55°C and pH 8.0. The xylanase was active in a wide range of pH i.e. 4.0-9.5 for 1 hour at
55°C and retained almost 80% of its activity.

Later, Anthony et al. (2005) used 4. niger BRFM?281 in shake flask fermentation for
overproduction of XynB and reported a yield of 900 mg/L. The recombinant enzyme was
purified to 1.5-fold by immobilized metal affinity chromatography with enzyme recovery of
71%. During characterization of the enzyme, it was found that it had molecular weight 23
kDa, optimum pH 5.5 and optimum temperature 50°C. The enzyme showed stability over a
pH range of 4.0 to 7.0 and temperature up to 50°C. The thermophilic fungus Humicola

grisea var. thermoidea has potential to produce several extracellular enzymes (Chaves er al.,
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1989; Peralta ef al., 1990; Tosil et al., 1993; Zimmermann &/ al.. 1990). Monti et al. (2003)
used this fungus 10 produce two forms of extracellular xylanase. After the production, 2
fraction of crude enzyme was purified by electroelution method. The molecular mass of the
purified enzyme Was found to be 61.8 kDa.

An alkaline xylanase was purified from crude xylanase fermentation broth extracted in
aqueous two phase system (ATPS) composed of 16% polyethylene glycol (PEG 6000 ) and
6.0% phosphate salt. A- purification factor 57 and 41% yield of the enzyme activity were
calculated for the system containing 16% PEG 6000, 8% K2HPO4 and 12% NaCl (Duarte ef
al., 1999).

Coelho and Carmona (2003) stated that xylanase exhibited high thermalstability in the
pH range 4.5 to 10.5. Earlier Christakopoulos ef al. (1996) demonstrated that xylanase 11
from the fungus Fusarium oxysporum F3 was stable at a temperature 44-55°C. Damasco é!
al. (2002) produced cellulase free xylanase from Thermomyces lanuginosus in shake cultures
by using corm cobs as carbon source and found that crude xylanase exhibited appreciable
thermostability, retaining almost 50% of activity during 24 hours of incubation at 500C and
about 50% of activity was present at 600C even after 4 hours of incubation.

Damasco et al. (2000) reported that xyalanase was active in the broad range of pH
and temperature, however the optimum pH and temperature Were found as 6.0 and 75°C
respectively. Carmona et al. (1998) described the temperature 550C for the optimum activity
of xylanase from Aspergillus versicolor and 700C from A. niger. However according to
Uhlig (1998), 2 temperature range of 50-550C seems the best for optimum xylanase
activity.Coral et al. (2002) determined the molecular weight of xylanase produced by an
Aspergillus niger strain as 36KDa. These results are also supported by the findings of
Kulkarni e al. (1999); according to them, xylanase from the microbial origin are single sub
unit proteins with the molecular mass ranging from 8-145 KDa.

Camacho and Aguillar (2003) estimated the molecular weight of xylanase from
Aspergillus sp as 72 KDa. A study conducted by Sardar ef al. (2000} indicated that when the
purified xylanase was subjected to SDS-PAGE, the molecular weight of xylanase was found

to be 24 KDa.
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2.3 Cellobiase or B-Glucosidase

The B-Glucosidase (B-D-glucoside glucohydrolase EC3.2.1.22)
catalyze the hydrolysis of B-(1,4)—g1ucosidic linkages in the terminal non-reducing B-
glucoside residues of cellobiose and lactose in to simple sugars (glucose and galctose) as
well as the synthesis of oligosaccharides by transglycosylation (Chodi Masui ef al.,2009).
The exocollobiohydrolase and the endoglucanases act together to hydrolyze cellulose into
small oligosaccharides. B-Glucosidase have many potential biotechnological applications. B-
Glucosidase are widely distributed in nature, where it has been purified from a number of

sources including plants, animals and microorganisms.

2.3.1. Mechanism of Action of p-glucosidase

B-Glucosidases are retaining enzymes since their products retain the same
anomeric configuration as the substrate. Their reaction follows 2 double-displacement

mechanism.

2.3.1.1 Hydrolysis
B-Glucosidases normally catalyze the hydrolysis of p 1,4-glucosidic bonds

in aryl- and alkyl B—D—glucosides from the non-reducing termini. In the first step the
enzyme’s nucleophile in the active centre attacks the substrate and an a-glycosyl enzyme
intermediate is formed. In the second step the intermediate is hydrolyzed by H20 and B-
glucose is released as the product . The nucleophile residue is in many cases Asp Of Glu. In
Rhizomucor miehei the analysis of the p-glucosidase identified that the residue Asp254 acts
as the catalytic nucleophile, situated in a conserved motif SDW. For the release of the
aglycon, another amino acid residue in the catalytic domain acts as a H+ donor to the
glycosidic oxygen, resulting in the departure of the aglycon in R-OH form. The potential H+
donor can be His. The p-glucosidase from R. miehei, the residue His177 was proposed as

H+ donor in the motif KHY.
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Figure 6: Mechanism of action of p- Glucosidase

2.3.2 Hydrolysis of lactose:

lyse the hydrolysis of B-1,4 glucosidic linkages in

The B-glucosidase cata
-glucosidase used in the production of

lactose (Korish et al ., 2007). In food industries , p

low lactose milk which alleviates lactose maldigestion problems such as abdominal pain,

flatulence or diarrhoea which may result from the fermentation of undigested lactose by

colonic bacteria with production of Hz, CH,, CO: and short chain organic acids.

M@WQ5

gRlacksse Glucosa

Figure 7: Hydrolysis reaction of lactose
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2.3.3 Biotechnological Applications of p-glucosidase

B-glucosidase is widely distributed ~ in nature. p-glucosidase are B-D
glucohydrolases , which release p—-D-glucose from cellobiose and lactose (Chodi Masui ef
al.,2009).

B-Glucosidase has the following biotechnological applications:
A. Pulp and paper industry | B. Food processing industry
C. Bioethanol production, & D. Medicinal applications

A. Use of p-glucosidase in pulp and paper industry:

In the pulp and paper industry, cellulases have been employed for biomechanical
pulping for modification of the coarse mechanical pulp (Ashok Pandey ez al., 2005) and band
sheet strength properties, de-inking of recycled fibres, for improving drainage and
runnability of paper mills. The enzyme is used in the manufacture of soft paper including

towels and sanitary paper.
B. Applications of B;glucosidase in food processing industry :

In the flavor industry, B-glucosidases are key enzymes in the enzymatic release of aromatic
compounds like terpenol from the glucosidic precursor terpenylglucoside in mango and
grapes(Christine Riou et al.,1998). Finally, p-glucosidases can also improve the organoleptic
properties of citrus fruit juices, in which the bitterness is in part due to a glucosidic
compound, naringin is removed. Unlike acidic hydrolysis, enzymatic hydrolysis is highly

efficient and does not result in modifications of the aromatic character.

C. Applications of B-glucosidase in bio ethanol production:

B- glucosidases as part of the cellulase enzyme complex hydrolyze cellobiose and
cello-oligosaccharides to yield glucose which is fermentable by yeasts into fuel ethanol. The
conversion of cellulosic biomass into fermentable sugars is a very attractive way of ethanol

production (Ming Chena ef al., 2006).
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D. Medicinal applications of cellobiase

Oligosaccharides can be used as therapeutic agents, diagnostic tools, and growth
promoting agents for probiotic bacteria. They have important functions in biological systems
including fertilization, embryogenesis, and cell proliferation. Galacto-oligosaccharides, the
transga‘lactosylation products from lactose, werc found to be good growth factors for
intestinal Bifidobacteria. Alkyl-glycosides are non-ionic surfactants  with high

biodegradability, and have good antimicrobial properties.
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3. MATERIALS AND METHODS
3.1. Materials

1. Fungal isolates.

2. Raffinose, stachyose and p-nitrophenyl-a—D-galactopyranoside (PNPG) were
purchased from Sigma Chemical Co.,USA.

3. Galactose, fructose, sucrose, maltose, and PMSF were obtained from Hi-Media,
Mumbai.

4. Molecular weight markers (Genei, Bangalore)

3.2. Methods

3.2.1. Preparation of enzyme extract

Fungal isolates 1,2 and 3 were ‘solated from soil samples collected from KCT
campus. They were sub-cultured periodically on Czapak-Dox broth and maintained at 4°C.
Batch, submerged fermentations were carried in 250 ml Erlenmeyer flasks containing 50 ml
of Czapak-Dox broth with maltose as source of carbonThe flasks were kept on an orbital
shaker for 5 days at 30°C and 120 rpm. At the end of the fifth day the contents were
filtered through Whatman filter paper no.1, the filtrate was dialyzed and the dialyzate was
used as source of enzyme.
3.2.2. Assay of a-galactosidase

Table 1: Assay of o-galactosidase

FSI. no. | Acetate buffer | Enzyme | PNPG Incubate | 0.2 M Optical
(m!) {(ml) the Na,COs Density
(ml) tubes at at

37°C 405 nm

Blank | 0.9 0 0.1 for 15 3 J
min.

1 0.8 0.1 0.1 | 3 )
2 0.8 0.1 0.1 ‘ 3 J

Assay of a-galactosidase was carried out by incubating 100 pl of
appropriately diluted enzyme, 800 pl of acetate buffer (0.2M, pH 5) and 100pl of 10mM p-
nitrophenyl-a-galactopyranoside PNPG for 15 min at 37°C. The reaction was stopped by the
addition of 3 ml of 0.2 M Na,CO; solution and the absorbance of the liberated p-nitrophenol

liberated was measured at 405 nm (Mulimani and Ramalingam, 1995). One unit of enzyme
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activity was defined as the amount of enzyme required to liberate one micromole of the p-
nitrophenol per minute under assay conditions.
3.2.3 Assay of Xylanase

Xylanase assay was carried out using 1% (w/v) Xylan as substrate and 1 ml of enzyme,
the mixture was kept at 40°C for 15 minutes. Then, 1 ml of DNS was added. The tubes were
kept in a boiling water bath exactly for 5 minutes and the optical density was measured at
540 nm. One unit of xylanase activity was described as the amount of enzyme producing 1
umo! of reducing sugar per min per ml of enzyme under assay conditions.

Preparation of 1% xylan solution:

1 g of xylan is dissolved in 100 m! of distilled water and it is kept in a boiling water
bath for 5 minutes. The contents were filtered through Whatman filter paper no.l and the
filtrate was made upto 100 ml with distilled water.

Dinitrosalicylic acid reagent (DNSA):
NaOH : 80¢g
DNSA : 50¢g
Sodium potassium tartarate: 150 g
Distilled water : 500 ml
Sodium hydroxide was dissolved in 300 ml of distilled water. DNS was slowly
added to this with continuous stirring on a magnetic stirrer for complete solubilisation.
Sodium potassium tartarate was then added slowly with stirring till all of it was solubilised.
The volume of the solution was then made up to 500 ml.
3.2.4 Assay of B- glucosidase (cellobiase)
Table 2 Assay of - glucosidase

[ SI. no. | Acetate buffer | Enzyme PNPG | Incubate | 0.2 M Optical
(ml) (ml) the Na;COs Den51ty
(ml) tubes at
45°C 405 nm
Blank | 0.9 0 0.1 for 15 3 J
1 0.8 0.1 o1 |™" 3 J
2 0.8 0.1 0.1 3 J
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Assay of B-Glucosidase was carried out by incubating 100 ul of appropriately
diluted enzyme, 800 ul of acetate buffer (0.2M, pH 4.5) and 100ul of 10 mM p-nitropheny!-
B-D-glucopyranoside (PNPG) for 15 min at 45°C. The reaction was stopped by the addition
of 3 ml of 0.2 M Na,CO; solution and the absorbance of the liberated p-nitrophenol liberated
was measured at 405 nm (Xin-Liang Li ef al. 2004). One unit of enzyme activity was defined
as the amount of enzyfne required to liberate one micromole of the p-nitrophenol per minute
under assay conditions.

3.2.5 Protein estimation
A standard protein curve was constructed by the method described by
Lowry et al (1951). Bovine serum albumin (BSA) Img/ml was used as standard protein.
Different concentrations of BSA solutions were pipetted out in a series of test tubes and the
total volume was made up to Iml with distilled water. About 2.1 ml of alkaline copper
reagent was added to each test tube, mixed thoroughly and allowed to stand at room
temperature for 10 min. Then, 0.2 ml of freshly prepared 1 N Folin-Ciocalteau’s reagent was
added to each tube and the solution was shaken well. The extinction was read after 20 min
incubation at 660nm in ELICO spectrophotometer. A standard graph was constructed.
3.2.51 Alkaline copper reagent
= Reagent A was prepared by dissolving 2% sodium carbonate in 0.1N sodium
hydroxide solution.
= Reagent B was prepared by dissolving 0.5% copper sulfate in 1% sodium
potassium tartarate solution.”
® Reagent C was prepared by mixing 50m! of reagent A and 1ml of reagent B just
before use.
3.2.5.2 Folin-Ciocalteau’s reagent
2N Folin-Ciocalteau reagent commercially available was diluted with distilled water

in the ratio 1:1 (v/v) just before use.
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Table 3: BSA calibration table:

Reagents

Volume of working standard (p1)

Concentration of protein (ng)

Volume of distilled water (ul)

Absorbance at 660 nm

Concentration {ng)
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3.2.6 Xylose Calibration Curve:

A standard calibration curve of xylose was constructed. A standard xylose solution was

prepared with a concentration of 1 mg/ml.

0.4,0.8,1.2,1.6 and 2 ml was taken in a series 0

Different volume of xylose solution

f test tubes and the volume was made up to 2

m} with distilled water to each tube. One m} of DNS was added and the tubes were kept in a

boiling water bath exactly for 5 minutes. The optical density was measured at 540 nm

against blank in spectrophotometer. A standard graph was constructed.

‘Table 4: Xylose Calibration Table:

T

\ 0.0 \ 0.4 \ 0.8

Sl

Reagents

Volume of working standard (ml)
Concentration of protein (1g)
Volume of distilled water (ml)

il

rVolume of DNS reagent (ml)

e
el

o

F(eep the tubes in boiling water bath for 5 minutes

Absorbance at 660 nm

\0.00 \0.065 \0.130 \0.200\0.265 \0.3%
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Figure 9: Xylose Calibration Curve
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3.2.7 Purification of enzyme

Figure 10: Purification of a-galactosidase, xylanase and cellobiose from fungal isolates.
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3.2.7.1 Acetone precipitation

Chilled acetone (-20°C) in ratio of 1:1 (v/v) was added to the culture filtrate
(1260 ml) of fungal isolate 3 with mild stirring and the mixture was kept aside at 4°C for 12
h. At the end of the 12® h, the mixture was centrifuged at 10,000 rpm for 10 min and the
pellet was collected. The pellet was dissolved in minimum amount of acetate buffer (0.1 M,
pH 4.0). The supernatant was discarded and the pellet containing centrifuge tubes kept in an
inverted pésition till there is no acetone odour. Then, the pellet was dissolved in minimum
amount of buffer (0.2 M, pH 4.0). The mixture was cenfrifuged and the the supernatant was

used as source of enzyme for characterization studies.

3.2.7.2 Ammonium sulphate fractional precipitation:

Ammonium sulphate (35%, w/v) was added to the culture filtrate (1490 ml) with
stirring and the mixture was kept aside at 4°C for 12 h. At the end of the 12 h, the mixture
was centrifuged at 10000 rpm for 10 min and the supernatant was collected. The pellet thus
obtained was dissolved in a minimum amount of acetate buffer (25 mM, pH 6.0). The above

procedure was repeated with supernatant for 75% ammonium sulphate fractionation.

3.2.7.3 Dialysis

Dialysis bag was filled with ammonium sulphate precipitated enzyme. Dialysis bag was
immersed in 25 mM acetate buffer (pH 4.0). The dialysis bag was kept at 4°C with
intermittent change in buffer for every 12 hours. The content of dialysis bag was centrifuged

and the enzyme activity was carried out in the supernatant by standard assay procedure.

3.2.7.4 Molecular weight determination

Native-PAGE was carried out with 10% polyacrylamide slab gel and the
protein bands were stained with Coomassive brilliant blue R250 (Medium range 14.3-97.4
kDa) and the molecular weight of the enzyme was calculated from standard molecular

weight markers (Genei, Bangaluru).
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3.2.7.3 Polyacrylamide gel elctrophoresis

PAGE was used to analyze the proteins present in the samples according to the method of

Lammli (1970). Non-denaturating PAGE (native-PAGE) was carried out without SDS.

3.2.7.6 Effect of temperature on enzyme activity

The effect of temperature on d- -glactosidase activity was measured in the range
of 10-90°C at pH 4, pH 3.5 and pH 4 for fungal isolates 1, 2 and 3, respectively. The effect
of temperature oD xylanase activity was determined by incubating the assay mixture for 15
minutes at temperature from 10-80°C  for fugal isolates 1, 2 and 3, respectively.
The effect of temperature 01 cellobiase activity was measured in the range of 30-90°C at

pH 4.5 for fugal isolates 3 and 3, respectively.

3.2.7.7. Effect of metal ions, sugars and reagents concentration:
a-Glactosidase assays were performed with various metal ions (concentratlons
1 mM and 5 mM) such as K*, Ca*', Hg*', and Fe3™ as chloride salts; Ag" as nitrate salt; Cu,
ng and Fe*as sulphate salts, Sugars such as glucose, galactose, fructose, lactose, sucrose,
raffinose, ribose, maltose, arabinose and melibiose (final concentrations 1Mm and 5mM)
and some reagents (EDTA, 1,10- phenanthrolme N—bromosuccinimide, iodoacetate,
iodoacetamide and PMSF, final concentrations - 1mM and 5§ mM ) were incubated for 135
minutes at 55°C, prior to addition of substrate PNPaG / PNPBG. The residual activity of the
enzyme was calculated by comparison of its activity in the presence and absence of the
reagent Of metal ions or sugars.
The reaction mixture consisting of 0.5 ml of xylanase enzyme solution,
5 ml of 0.2 M acetate buffer and 50 i of metal ions (K, Cca®*, He™ and Fe'* as chloride
salts, Ag" as nitrate salt, cu?*, Mg’ and Fe2* as sulphate salts) or sugars (glucose, galactose,
fructose, lactose, SUCrose, raffinose, ribose, maltose, arabinose and melibiose) or Some
reagents (EDTA, 1 10—phenanthrolme N-bromosuccinimide, iodoacetate, iodoacetamide and

PMSF) were :ncubated for 5 minutes at room temperature. About 1 ml of xylan was added to
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the reaction mixture and the test tubes were incubated for 15 minutes at optimum

temperature. Then 1 ml of DNS was added to arrest the reaction and the tubes kept it in a

boiling water bath exactly for 5 minutes and the absorbance was measured at 540 nm

spectrophotometrically.
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RESULTS AND DISCUSSION
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For convenient clarity,

a-Galactosidase

Xylanase, &
Cellobiase

4.1 a-Galactosidase

4.1.1 Partial Purification of e-galactosidase from fungal isolate 3

Acetone precipitation (ratio 1:1) increased the spe

4. RESULTS AND DISCUSSION

result and discussion is classified into 3 categories:

0.479 U/mg. The enzyme was purified to 29-fold with 70% yield (Table 5).

Table 5: Purification chart of a-galactosidase from fungal isolate 3

cific activity from 0.017 to

Enzyme Volume Protein } Total Specific Purification | Yield

fraction (ml) conc. (mg) | Activity Activity (Fold) (%)
) (U/mg)

Crude extract 1260 0.92 19.353 0.017 1 100

Acetone 36 0.78 13.46 0.479 29 69.5

precipitation

4.1.2 Optimum pH

o-Galactosidase showed its activity in a pH range of 3-53.5 and the optimum

activity was observed at pH 4.0 for fungal isolate 3, with PNPG as substrate (Figure 14). ¢-

Galactosidase from Gibberella fujikuroi
and Mulimani, 2002). a-Galactosidase
exhibited their optimal activity at
2003). a-Galactosidase from Hum
the pH range of 4.5-6.5. The enzyme lost only 45% and 33
5.5, after 60 and 90 minute

minutes at pH 6.0.

showed optimum activity at pH 5.8 (Thippeswamy
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from Lactobacillus fermenti and Aspergillus flavipes
pH 5.0 and 4.5-5.0 (Mudgett ef al.,1993; Ozsoy et al.,
icola sp. (Kotwal et al., 1999) showed enzyme stability in
% of its original activity at pH

s While it lost 19% and 26% of its original activity in 60 and 90




4.1.3 Optimum Temperature
a-Galactosidase from fungal isolate 3 had an optimum temperature at 55°C. The
enzyme activity increased with increase in temperature up to 55°C and then decreased
(Figure 14).
4.1.4 Effect of metal ions, sugars and reagents
, Among the cations tested, heavy metal ions such as Ag  and Hg™ strongly
inhibited the alpha galactosidase activity to about 80.93% and 51.3%, respectively (Figure
19) for concentration 3 mM where as for 1 mM it was 7227% and 55%, respectively
(Figure 18 ) for.fungal isolate 3. The inhibition of u—galactosidase activity by Hg®" shows the
presence of tryptophan residues at or near the active site of the enzyme. These ions also
inhibited a-galactosidase from plant Cucurbita pepo (Richard ef al.,1983), sugarcane
(Chinen éf al., 1981) and bacterial sources L. fermentum (Garro el al.,1993), alkalophilic
bacteria (Akiba et al.,1976).

Among the sugars tested, fructose and galactose (5 mM) inhibited o-
galactosidase activity by 29.41% and 24.1%, respectively (Figure 20) while for concentration
10 mM its 78% and 28%, respectively (Figure 21) for fungal isolate 3. Glucose, lactose,
melibiose and raffinose inhibited the enzyme activity to varying extent. Galactose also
strongly inhibited a-galactosidase from plant, sugar cane (Chinen et al., 1981)and fungal
sources Sources such as G.lucidum (Sripaun €? al., 2003), Pycnoporus cinnabarinus
(Ohtakara e! al., 1984) and Aspergillus oryzaé (Ramalingam and Mulimani, 2004) but did
not inhibit o-galactosidase from alkalophilic bacteria such as Micrococcus Sp. and Bacillus
sp. (Akiba and Horikoshi, 1976).

Among the reagents tested N-bromosuccinimide inhibited the enzyme
activity to about 35.5% at ImM (Figure 22) and 17.4% at 5 mM (Figure 23)and for fungal
isolate 3. Inhibition of enzyme activity by N-bromosuccinimid'e indicated the presence of
tryptophan at of near the active site of an enzyme. The reagents such as EDTA and 1,10~
phenanthroline did inhibit the enzyme activity suggesting {hat the metal ion is required for

enzyme activity.
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4.2 Cellobiase.
4.2.1 Partial Purification of cellobiase from fungal isolate 2

Acetone precipitation (ratio 1:1) increased the specific activity from

0.41 to 1.22 U/mg. The enzyme Wwas purified 3-fold with 7.93% yield. (Table 6).

Table 6: Purification chart of cellobiase from fungal isolate 2

Volume | Activity Total
Activity
Fraction | (m))

Crude

filtrate
Acetone .
precipitate

4.2.2 Optimum pH

The enzyme exhibite
4.5 for fungal isolate 2, with PNPG as substrate (Figure 24)-

Specific
activity

tein | Total
protein
conc.(mg)

Pro
conc.

d cellobiase activity in 2 pH range of 2.7.5 and the optimum

activity was observed at pH

This result was of much importance since the optimum

peltata (Badal et al., 1996) was 3.0. B- Glucosidase from Aspergillus niger (Kiong et al.,

pH of B-glucosidase from Candida

1992) showed an optimum pH 4.6 and for Melanocarpus Sp- (Badhan ef al., 2006) the

optimum pH was 6.0.

4.2.3 Optimum Temperature
Cellobiase from fungal isolate 5 had an optimum temperature at 70°C. The enzyme

activity increased with increase in temperature up to 70°C and then decreased (Figure 25).
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4.2.4 Effect of metal ions, sugars and reagents
Among the cations tested, heavy metal ions such as Fe’* and Cu®" strongly inhibited
the enzyme activity to about 87.3% and 84.5 % respectively(Figure 26) for concentration
1mM .The inhibition of activity by Cu?* shows the presence of tryptophan residues at or near
the active site of the enzyme. These ions inhibited B-glucosidase from fungi Melanocarpus
sp (Chada et al., 2006).

Among the sugars tested, glucose and galactose at 5 mM completely inhibited
cellobiase activity and raffinose at 5 mM concentration inhibited cellobiase activity of
55.3% (Figure 28). On the contrary glucose,galactose and raffinose at 10 mM concentration
inhibited cellobiase activity to about 78%, 42.6 % and 50.4 %, respectively (Figure 29).

Among the reagents tested N-bromosuccinimide completely inhibited the
enzyme activity to about 100% at 5SmM and | mM concentration (Figure 30 and 31).
Inhibition of enzyme activity by N-bromosuccinimide indicated the presence of tryptophan
at or near the active site of an enzyme. The reagents such as EDTA and 1, 10-phenanthroline

did inhibit the enzyme activity suggesting that the metal ion is required for enzyme activity

4.3 Xylanase
4.3.1 Partial Purification of xylanase from fungal isolate 3
Ammonium sulphate was.used to precipitate the enzyme. The enzyme was purified to
0.67 fold with 4.84% yield. The enzyme obtained by 75% ammonium sulfate was preferred

to 35% because of less protein with more enzyme activity (Table 7).
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Table 7: Purification chart of xylanase from fungal isolate 3

Enzyme Volume( | Protein Total Specific Purificatin | Yied
ml activity(U/m (fold %%
Fraction ) cone.(mg) | Activity(U) ty(U/me) ) (%)
\* Crude filtrate ‘ 1490 \ 447 ‘ 449.98 ‘ 1.01 \ 1 \ 100J
NH,SO4precipitation 30 15 17.58 1.17 1.16 3.91
{35%) '
NH,SOgprecipitation 35 322 21.77 0.68 0.67 4.84
(75%)
4.3.2 Optimum pH

The effect of pH on activity of xylanase was examined in the pH range of
4-6 for fungal isolate 3. The xylanase showed optimum pH at 5.0 for fungal isolate 1 (Figure
32) and 5.5 for fungal isolate 2 and 3 (Figure 33 and 34). The optimum pH is similar to A.
niger BRFM281 as reported by Anthony e? al. (2005). The optimum pH for the enzyme
xylanase from Aspergillus ochraceus Wwas found to be 6.0 (Biswas ef al., 1990). In A.
awamori K-1 the optimum pH for xylanase was found to be 3.5-4.0 (llieva et al., 1995). For
Trichoderma harzianum the optimum pH for xylanase was found to be 4.0-4.5 (Tan et al.,

1985).
4.3.3 Optimum Temperature

Xylanase from fungal isolate 3 had an optimum temperature at 55°C. The enzyme

activity increased with increase in temperature up to 55°C and then decreased (Figure 36).
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4.3.4 Effect of metal ions, Sugars and reagents

Among the cations tested, heavy metal ions such as Ag and Hg™ at 1 mM concentration
cmpletley inhibited the xylanase activity while Fe*' also totally inactivated the enzyme (Figutre
37). Similarly Ag and Ca* at 5 mM level complexly inhibited the xylanase activity (Figure 38 ).

Among the sugars tested, fructose, arabinose, xvlose and glucose at 5 mM concentration
inhibited xylanase activity completely (Figure 39) while sucrose and raffinose at 10 mM level
inhibited enzyme activity to about 39 71% and 82.72 % (Figure 40 ).

Among the reagents tested, 1, 10-phenanthroline at 5 mM concentration inhibited the
xylanase activity completely and for EDTA it inhibited to about 76.74 % (Figure 41).

4.4 Characterization of the purified enzymes

Figure 11: Native PAGE of purified enzyme

Lane 1 Lane 2

Lane 1: Cellobiase

Lane 2: Xylanase
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Figure 12: The effect of pH on a-galactosidase from fungal isolate 1
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Figure 13: The effect of pH on a-galactosidase from fungal isolate 2
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Figure 14: The effect of pH on a-galactosidase from fungal isolate 3
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Figure 15: The effect of temperature on a-galactosidase from fungal isolate 1
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Figurel6: The effect of temperature on a-galactosidase from fungal isolate 2
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Table 8: Effect of metal ions on a-galactosidase from funga) isolate 3

Metal ions Cone. (mM) Residual activity (%)
Control Nil \ 100
FeSO4 \ 1 \ 95.5
KCl \ 1 \ 68.2 J
| CaCl, \ 1 \ 72.7
) FeCl3 \ 1 \ 54.55
CuSO; ‘ 1 \ 34.5
HgCla \ 1 \ 45
F MgSOs \ ] \ 54.6
E AgNO; \ 1 \ 27.7
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Table 9; Effect of metal ions on a-

galactosidase from fungal isolate 3

r Metal ions Conc.(mM) Residual activity(%e)
r Control ‘ \ 100

FeSO4 \ 5 ‘ 81.4 J
F KCl \ 5 \ 105 J
T CaCl; ‘ 5 \ 118 J
y FeCls ‘ 5 \ 22.4
T CuSO,4 ‘ 5 ‘ 79.6 j
\ HgCls \ 5 \ 48.7

MgSO04 \ 5 \ 8.3

AgNO; \ 5 \ 19.07
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Table 10: Effect of sugars on g-galactosidase from fungal isolate 3

Sugars Cone.(mM) Residual activity (%)
Control Nil 100
Fructose 5 70.59
Sucrose 5 70.59
Galactose 5 75.88
Arabinose 5 08.82
Glucose 5 95
Lactose 5 102.94
Raffinose 5 105.88
Maltose 5 111.76
Xylose 5 111.76
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Table 11: Effect of sugars on o-galactosidase from fungal isolate 3

m Residual activity (%)

“(Galactose

Arabinose

s on a-galactosidase from fungal isolate 3

Table 12: Effect of reagent




Table 13: Effect of reagents on a-galactosidase from fungal isolate 3
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Figure 18: Effect of pH on cellobiase from fungal isolate 2
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Figure 19: Effect of temperature on cellobiase from fungal isolate 2
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Table 14: Effect of metal ions ont cellobiase from fungal isolate 2
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Table 15: Effect of metals ions on cellobiase from fungal isolate 2

Metal ions l Conc. (mM) ] Residual activity (%)J
Control | Nil \ 100
| FeSOs l 5 \ 0
| KCl | 5 ! 42.8
| CaCl; | 5 | 52.94
| FeCls | 5 | 0
F CuSO4 1 5 | 0
HeCly 1 5 | 35.3
| MgSOs | 5 | 76.4
| AgNOs | 5 \ 20.9 ﬂ

Table 16: Effect of sugars on cellobiase from fungal isolate 2

Sugars Concentration (mM) Residual activity

i o |

| Control | Nil \ 100 |

| Arabinose | 5 [ 77.7 |

\: Galactose \ 5 l 44.7 AJ
Lactose ! 5 | 100
Maltose ] 5 | 0

& Fructose l 5 ] 52.8 i
Sucrose l 5 ] 45
Glucose | 5 \ 16.7
Xylose | 5 \ 63.9
Raffinose \ 5 [ 0

E Melibiose \ 5 l 47.2 %
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of sugars on cellobiase from fungal isolate 2

Table 17: Effect

Residual activity

Melibiose

se from fungal isolate 2

Table 18: Effect of reagents on cellobia
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Table 19: Effect of reagents on cellobiase from fungal isolate 2

[ Reagents Conc.(mM) | Residual activity(%)
Control Nil 100
N — bromo succinimide 5 0
Phenanthroline 5 0
lodo acetamide 5 53.7
lodo acetate 5 52.21
EDTA 5 473

Figure 20: Effect of pH on xylanase from fungal isolate 1
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Figure 21: Effect of pH on

xylanase from fungal isolate 2
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Figure 22: Effect of pH on xylanase from fungal isolate 3
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Figure 23: Effect of temperature OR xylanase from fungal isolate 1
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Figure 25: Effect of temperature on xylanase from fungal isolate 3
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Table 21: Effect of metal ions on xylanase from fungal isolate 3

Metal ions \ Conc.(mM) Residual activity (%U
T Control \ Nil 100 J

- CaCl, ‘ '5 \ 0' J
F - AgNos \ 5 \ 0 J
( MgSos ‘ 5 \ 23.16 J
T KCl 5 ) 46.10 J
y FeCls 5 ‘ 53.90 }
T CuSos 5 \ 53.90 J

FeSo, \ 5 \ 57.58
\ HeCl, \ 5 \ 49221 ﬂ
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Table 22: Effect of sugars on xylanase from fungal isolate 3

| Sugars Conc.(mM) | Residual activity
(%e)
Control Nil 100
Arabinose 5 0
Fructose 5 0
Xylose 5 0
Glucose 5 0
Sucrose 5 10.29
Raffinose 5 17.28
Maltose 5 31.07
Galactose 5 34.56
Melibiose 5 68.93
Lactose 5 79.42
|
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Table23: Effect of sugars on xylanase from fungal isolate 3

Sugars Conc.(mM) Residual activity (%)
Control Nil 100
Arabinose 10 0
Fructose 10 0
Xylose 10 0
Glucose 10 0
Sucrose 10 7.79
Raffinose 10 7.79
Maltose 10 19.26
Galactose 10 23.16
Melibiose 10 38.53
Lactose 10 65.37
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SUMMARY AND CONCLUSION

The a-galactosidase from fungal isolate 3 was partially purified by acetone
precipitation. The optimum pH, temperature, effect of metal lons, sugars and some
reagentswere of partially purified enzyme Were carried out. The results indicate that the
enzyme has potential applications in food processing industry for the production of

flatulence-free soymilk and legume products, etc.

The xylanase from fungal isolate 3 was partially purified by
ammonium sulphate precipitation followed by dialysis. The optimum pH, temperature, effect
of metal ions, sugars and some reagentswere of partially purified enzyme were carried out.
The results indicate that the enzyme has potential applications in various field like paper and

pulp industry, baking industry, €tc .

The B-glucosidase from fungal isolate 2 was also partially purified
by acetone precipitation. The optimum pH, temperature, effect of metal ions, sugars and
some reagents on partially purified enzyme were carried out. The results indicate that the
enzyme has potential applications in various fields like ethanol production, hydrolysis of

lactose, eic.
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