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ABSTRACT

PURIFICATION AND BIOCHEMICAL CHARACTERIZATION OF
XYLANASE EXPRESSED IN THERMOPHILIC Geobacillus sp.

Xylanase is an enzyme that catalyzes the degradation of the linear polysaccharide
B-1,4-xylan into xylose and breaks down the hemicellulose structure of plant cell wall.
The xylanolytic property of the enzyme makes it preferable for many biotechnological
applications in industry. This enzyme is possibly produced by some bacterial and fungal
microorganisms.

In this study, briefly, xylanase enzyme was expressed in thermophillic
Geobacillus sp. and purified by cold acetone precipitation and gel filtration
chromatography. Molecular weight of our xylanase was found as 40.1 kDa by SDS-
PAGE and this protein band was verified by Native-PAGE activity staining. Finally, it
was characterized using biochemical methods.

For characterization studies, Km and Vmax values were calculated from
Lineweaver-Burk plot as 10.2 mg/ml and 31.7 U/ml, respectively. The optima
temperature and pH for enzyme activity were investigated using beechwood xylan as
substrate and found as 55°C and 8.0, respectively. Furthermore, effects of some metal
ions, various chemical reagents and organic solvents on enzyme activity were also
determined and we observed that Ca?*, Mn?* and Co?* affected the activity positively
while Zn?*, Cd?*, Fe**, EDTA, SDS, CHAPS and DTT shielded the activity. And only B-
mercaptoethanol caused a significant change amoung organic solvents. Lastly, that the
enzyme has a long shelf-life was confirmed assaying the samples taken from enzyme

stocks stored at +4°C and room temperature for six weeks.



OZET

TERMOFILIK Geobacillus sp.’den URETILEN KSILENAZ
ENZIMININ SAFLASTIRILMASI VE BiYOKIMYASAL
KARAKTERIZASYONU

Ksilanaz, B-1,4-ksilan diiz zincirli polisakkaritini ksiloza parcalayan ve bitki
hiicresi ¢eperinde bulunan hemiseliiloz yapisini yikan bir enzimdir. Ksilanaz, ksilan
sindirme 0zelligi sayesinde sanayinin pek ¢ok biyoteknolojik uygulama alaninda tercih
edilmektedir. Enzimi bakteriyel ve fungal ¢aligmalarla tiretmek miimkiindiir.

Calismamizi  kisaca anlatmak gerekirse; ksilanaz enzimi thermophillic
Geobacillus sp.’den iiretilerek, soguk aseton ¢oktiirmesi ve ardindan jel filtrasyon
kromatografisi ile saflastirilmis ve SDS-PAGE yontemi ile molekiiler agirligi 40.1 kDa
bulunmustur. Bu protein bandinin bizim enzimimize ait oldugu ise Native-PAGE’ten
sonra aktivite boyamasi yapilarak tasdiklenmistir. Son olarak, biyokimyasal yontemlerle
protein ¢aligmalar1 yapilarak karakterize edilmistir.

Karakterizasyon islemleri sirasinda, kayin kerestesi Kksilani substrat olarak
kullanilmistir. Ky Ve Vmax degerleri Lineweaver-Burk grafiginden sirasiyla 10.2 mg/ml
ve 31.7 U/ml olarak hesaplanmistir. Enzim aktivitesi i¢in optimum sicaklik ve pH
sirastyla 55°C ve 8.0 olarak saptanmis, enzim stabilitesinin genis sicaklik ve pH
aralikliklarinda 2 saate kadar siirdiigli goriilmiistiir. Ayrica, bazi metal iyonlarinin, ¢esitli
kimyasal maddelerin ve organik ¢oziiciilerin aktiviteye etkisi de arastirilmis, Ca?*, Mn?*
ve Co?*’ 1n aktiviteyi olumlu yonde etkiledigi, Zn?*, Cd?*, Fe%*, EDTA, SDS, DTT ve
CHAPS’ m aktiviteyi engelledigi, organik ¢oziiciiler arasinda ise sadece f-
merkaptoetanoliin kayda deger bir degisime sebep oldugu gézlemlenmistir. Son olarak,
enzimin raf omriiniin uzun oldugu da alt1 hafta boyunca +4°C’de ve oda sicakliginda

duran enzim stoklarindan haftada bir alinan 6rneklerle test edilip onaylanmistir.
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CHAPTER 1

INTRODUCTION

Enzymes are the macromolecular biological catalysts which increase the rate of a
biological reaction lowering the activation energy. The relationship between enzyme and
its substrate is highly specific and this specificity of enzymes is based upon their unique
three dimensional structures. Therefore, they are used in many industrial processes and

this is pulling the scientists’ attention towards enzyme researches.

1.1. Thermophiles

Temperature is one the most important factors characterizing the ecological
behaviors of living organisms (Kristjansson 1989). They can be classified with regards to
their biological relations with temperture as it possibly affects the ecological,
physiological and genomic properties of microorganisms in many aspects. The National
Center for Biotechnology Information (NCBI) Microbial Genome Project Database
defines these five terms with these temperature ranges in paranthesis to categorize
microorganisms according to their thermophilicity which means they grow at optimum
level; where cryophiles (-30°C to -2°C), psychrophiles ( -1°C to +10°C), mesophiles
(+11°C to +45°C), thermophiles (+46°C to +75°C), hyperthermophiles (above +75°C).
These organisms may live at ranges that overlap with more than one category (Zheng and
Wu 2010). On the other hand, slightly different temperature intervals are possibly
mentioned by other scientists to categorize the thermophilicity of the microorganisms
according to their maximal and minimal growth temperature intervals. Baker et al.
classified microorganisms like; moderate thermophiles ( +35 to +70°C), extreme
thermophiles ( +55 to +85°C) and hyperthermophiles ( +75 to +113°C) (Baker et al. 2001).

The thermophiles are commonly thrive geothermally or volcanically heated
hydrothermal springs, geysers and submarine vents (Grant et al. 1998). They are naturally
able to live at high temperatures and the enzymes from these organisms are generally

thermostable and highly active at high temperature.



1.2. Thermophilic Enzymes

Enzymes have been considerable industrial products for decades. The potential
application range has been increasing rapidly. Technological developments have lead up
the use of enzymes in more area and wider range of processes. New techniques in
recombinant DNA technology and protein engineering enable the high yielded production
of manipulated, human-designed and robust enzymes (Shuler and Kargi 2002). Such

enzymes may be produced in microbial or fungal microorganisms as listed in Table 1.1.

Table 1.1. Some important industrial enzymes
(Source: Shuler and Kargi 2002)

Name Example of Source Application

Amylase Bacillus subtilis, Aspergillus niger Starch hydrolysis, glucose production

Glucoamylase A. niger, Rhizopus niveus, Endomycopsis Saccharification of starch, glucose
production

Trypsin Animal pancreas Meat tenderizer, beer haze removal

Papain Papaya Digestive aid, meat tenderizer, medical
applications

Pepsin Animal stomach Digestive aid, meat tenderizer

Rennet Calf stomach/recombinant E. coli Cheese manufacturing

Glucose isomerase Flavobacterium arborescens, Bacillus

coagulans, Lactobacillus brevis Isomerization of glucose to fructose

Penicillinase B. subtilis Degradation of penicillin

Glucose oxidase A. niger Glucose — gluconic acid, dried-egg
manufacture

Lignases Fungal Biopulping of wood for paper
manufacture

Lipases Rhizopus, pancreas Hydrolysis of lipids. flavoring and
digestive aid

Invertase S. cerevisiae Hydrolysis of sucrose for further
fermentation

Pectinase A. oryzae, A. niger, A. flavus Clarification of fruit juices, hydrolysis
of pectin

Cellulase Trichoderma viride Cellulose hydrolysis

Thermophiles naturally produce thermophilic enzymes which means these
enzymes are thermally stable and highly active at high temperatures. That is why, they
are preferentially used in many area of industry (Table 1.2). The greatest advantages of
performing processes at high temperatures are enhancing substrate solubility, lowering
viscosity, decreasing the risk of microbial contaminations (Bruins, Marieke E; Janssen
and Boom 2001). Apart from temperature, other extreme conditions, like pH and salt
concentration, may state the property of the microorganisms and make them be called
extremophiles (Rothschild and Mancinelli 2001).



Table 1.2. Thermophilic enzymes used in industry

(Source: Haki and Rakshit 2003)

Enzyme Temperature range (°C) Bioconversions Applications
u-Amylase (bacterial) 50-100 Starch — dextrose syrups Starch hydrolysis, brewing,
baking, detergents
a-Amylase (fungal) 50-60 Starch — dextrose syrups Production of maltose
Pullulanase 50-60 Starch — dextrose syrups Production of glucose syrups
Xylanase 45-65 Craft pulp— xylan + lignin Pulp and paper industry
Chitinase 65-75 Chitin — chitobiose Food, cosmetics, pharmaceuticals,
agrochemicals
Chitin — N-acetyl glucosamine
(chitibiase)
N-acetyl glucosamine —
glucosamine (deacetylation)
Chitin — chitosan (deacetylase)
Cellulase 45-55 Cellulose — glucose Cellulose hydrolysis, polymer
degradation in detergents
Protease 65-85 Protein — amino acids and Baking, brewing, detergents, leather
peptides industry
Lipase 30-70 Fat removal, hydrolysis, Dairy, oleo chemical, detergent,
interesterification, alcholysis, pulp, pharmaceuticals, cosmetics
aminolysis and leather industry
DNA polymerase 90-95 DNA amplification Genetic engineering/PCR

1.3. Structure of Plant Cell Wall: Cellulose, Hemicellulose and Lignin

Plant cell wall is composed of lignocellulosic structure that contains cellulose
(1,4-B-glucan), hemicellulose and lignin (a hydrophobic, polyphenolic compound)
(Kulkarni, Shendye, and Rao 1999). Lignin is linked to hemicellulose covalently, and so,
assists the attachment of hemicellulose to cellulose microfibrils.

Hemicellulose is the name of heteropolymer including mainly xylan and other
polymers like glucuronoxylan, arabinoxylan, glucomannan, and xyloglucan (Gibson
2012). Therefore degradation of this structure is only possible with a complex mixture of
xylanolytic enzymes that includes xylanases (EC 3.2.1.8), a-L-arabinofuranosidase (EC
3.2.1.55), B-xylosidases (EC 3.2.1.37), acetylxylan esterase (EC 3.1.1.72) and feruloyl
esterase (EC 3.2.1.73) digesting the different points of the main chain. For example, as
shown in Figure 1.1, xylanase cuts the backbone of -1,4-xylan structure into the xylose
as a reducing sugar, B-xylosidases hydrolyzes the oligosaccharides releasing xylose, a-L-
arabinofuranosidase degrades a-1-2, 1-3 and 1-5 arabinofuranosidic bonds and release L-
arabinose as a reducing sugar (Collins, Gerday, and Feller 2005; Khandeparker and
Numan 2008).
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Figure 1.1. Lignocellulosic structure
(Source: Khandeparker and Numan 2008)

1.4. The Substrate: Xylan

Xylan is the second most abundant heteropolymer in nature and the main
component of hemicellulose structure of plant cell wall (Biely 1985) (Schédel et al. 2010).
Xylan is formed by a backbone of B-1,4-D-xylopyranosyl residues with various substitute
groups on the side chain. Because of its heterogeneous structure, the biodegradation of
xylan requires the accesory enzymes besides main chain degradating enzymes as shown

in Figure 1.2.
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Figure 1.2. a) Xylan structure and the attack sites by xylanolytic enzymes. The
backbone of the substrate is composed of 1,4- B-linked xylose residues. (b) Hydrolysis of
xylo-oligosaccharide by B-xylosidase. Abbreviations: Ac. (Acetyl group), a-araf. (o-
arabinofuranose), a-4-O-Me-GIcUA (a-4-O-methylglucuronic acid), pcou. (p-coumaric
acid), fer. (ferulic acid) (Source: Collins, Gerday, and Feller 2005).

1.5. Xylanase

Xylanases (B-1,4-D-xylan xylanohydrolase; EC 3.2.1.8) are hydrolytic enzymes
which catalyze the random cleavage of the p-1,4-glycosidic linkages and degrade the
backbone of B-1,4-xylan being a part of the complex plant cell wall and produce xylose
and xylo-oligosaccharides (Kamble and Jadhav 2012). Xylanases are produced by
bacterial and fungal organisms as shown in Table 1.3.

Xylanases are important enzymes for industrial applications which are paper pulp
bleaching in paper manufacturing for enhancing the brightness of paper (Viikari et al.
1994), increasing the digestibility of animal feed stock (Wong, Tan, and Saddler 1988)
and for clarification of fruit juices (Nagar, Mittal, and Gupta 2012). Additionally, as
enzymes are reusable biomolecules, it can be immobilized on magnetic nanoparticles
(Soozanipour, Taheri-Kafrani, and Landarani Isfahani 2015; Shahrestani et al. 2016),

chitosan (M. Liu et al. 2015) or nanofiber membranes (Kumar et al. 2013) for recovery.



Applications of xylanase avoid the use of expensive, toxic and pollutive chemical
reagents (Huitro 1997).

Table 1.3. Source of microorganisms and properties of thermostable xylanases
(Source: Haki and Rakshit 2003)

Organism Enzyme properties

Optimal temperature (°C) Optimal pH
Baccillus amyloliquefaciens 80 6.8-7.0
Bacillus circulans 80 6.0-7.0
Bacillus sp. 60-75 8.0-9.0
Bacillus sp. strain SPS-0 75 6.0
Bacillus subtilis 50 6.0
Clostridium abosum 75 8.5
Dictyoglomus sp. strain B, 90 6.0-7.0
Fusarium proliferatum 55 5.0-5.5
Pyrococcus furiosus 100 6.0
Pyrococcus furiosus 102 -
Scyralidivm thermophilum 65 6.0
Streptomyces sp. strain S38 60 6.0
Sulfolobus solfataricus 105 53
Teheromyces lanuginosus (wild and mutant) 60, 70 7.0, 6.7
Teheromyces lanuginosus-SSBP 70-75 6.5
Thermoascus aurantiacus 50 5.0
Thermotoga maritima MSBR 92 6.2
Thermotoga maritima MSB8 95 6.0-7.5
Thermotoga maritima MSB8 TS 6.2
Thermotoga neapolitana 95 6.0
Thermotoga neapolitana 85 5.5
Thermotoga neapolitana 102 55
Thermotoga sp. strain FjSS3-B1 80 7.0
Thermotoga sp. strain FjSS3-Bl 105 6.8-7.8
Thermotoga sp. strain FjSS3-B1 115 53
Thermotoga thermarum 80 6.6

1.6. Aim of This Study

Considering the importance of xylanase enzyme explained above, in this study,
our aim was expression, purification and biochemical characterization of a xylanase from

thermophilic Geobacillus sp.



CHAPTER 2

MATERIALS AND METHODS

2.1. Materials

The complete list of the chemicals used in this study is given in Appendix A and

preparations of the buffer solutions are explained in Appendix B.

2.2. Methods

2.2.1. Bacterial Strain and Growth Condition

Thermophillic Geobacillus sp. was isolated from Bal¢cova (Agamemnon)
Geothermal Region in Izmir of Turkey (Yavuz et al. 2004) .

Bacterial strain was streak-plated in antibiotic-free LB-agar medium and
incubated at 55°C overnight. Then, one of the single colonies was inoculated into a liquid

medium described in Appendix C and cultivated overnight at 55°C and 200 rpm.

2.2.2. Protein Extraction

The culture was harvested by centrifugation at 5,600 x g for 15 minutes at 4°C.
The cell pellet and the supernatant were both kept separately for further enzyme activity
assays (Section 2.2.4).

The supernatant was the extracellular crude extract. Besides this, the cell pellet
was resuspended in 10 ml of 50 mM sodium phosphate buffer, pH 7.0 and disrupted by
discontinuous sonication in ice bath for 10 minutes. The homogenate was centrifuged at
6,000 x g, 4°C for 20 minutes in order to remove cell debris and the supernatant was used

as crude intracellular enzyme extract.



2.2.3. Protein Purification

For both intracellular and extracellular enzyme extracts, total protein precipitation
by an organic solvent was applied. Double sample volume of cold (-20°C) acetone was
added slowly to the protein extract, briefly vortexed and incubated at -20°C for 1 hour.
They were centrifuged at 6,000 x g, 4°C for 20 minutes, the supernatants were decanted
and remaining acetone was evaporated from uncapped tubes at room temperature for 30
minutes.

Protein pellets were resuspended in 50 mM sodium phosphate buffer (pH 7.0) and
crude xylanase extracts were ready for activity assays.

According to the activity assay results (Section 3.1), our xylanase was stated as a
majorly extracellular enzyme and the rest of the studies were continued accordingly.

As next step, the crude enzyme was loaded to gel filtration (Sephadex G-100,
Sigma) column (2.5 x 50 cm, Sigma) which had been equilibrated with sodium phosphate
buffer (50 mM, pH 7.0) before use. Every 60 drops were collected as a fraction and then
activities of each fraction were assayed. By highest activity, top five of the forty fractions

were selected (Section 3.1), pooled and stored at -20 °C until the following experiments.

2.2.4. Enzyme Activity Determination

The enzyme activity determination assays were performed via the DNS method
(Miller 1959). The method is based upon measuring the amount of reducing sugars which
form a complexation with 3,5-dinitrosalicylic acid (DNS) and give absorbance after
enzymatic degradation reactions (Appendix D).

The reaction mixture (total volume 1.0 ml, in 1.5 ml mini-centrifuge tubes)
containing 0.36 ml of 1% beechwood xylan (prepared in 50 mM sodium phosphate buffer,
pH 7.0) as substrate and 0.04 ml enzyme sample was incubated at 55°C for 10 minutes.
Then, the reaction was terminated adding 0.60 ml of DNS reagent. The tubes were placed
in boiling water for 15 minutes (Bailey 1992). After cooling to room temperature, the
absorbance was measured against blank (which contained all the reagents but enzyme, 50
mM sodium phosphate buffer, pH 7.0 instead) at 540 nm using Perkin ElImer Lambda
Bio+ Spectrophotometer.



A series of activity assays were performed for intracellular and extracellular
protein extracts before and after acetone precipitation and gel filtrated protein.

To evaluate the absorbance values we recorded, a standard curve was formed
using xylose standard solutions (Appendix E). As in the method described by Bailey et
al., 0.010 M xylose solution was prepared in 50 mM sodium phosphate buffer (pH 7.0)
and 1:1, 1:2, 1:3, 1:5 diluted samples served as standards (Bailey 1992).

The protein concentration was determined by Bradford protein assay benefitting
from a BSA standard curve (Bradford 1976). Bradford protein assay is a total protein
concentration determination method based on binding the arginine, lysine primaryly and
histidine aromatic residues in lower degree (Compton and Jones, 1985) (Congdon et al.,
1993). The concentration data were used to calculate the total protein mass (in mg). The

curve and the preparation of BSA standards were presented in detail in Appendix F.

2.2.5. Electrophoretic Studies

To determine the molecular weight of Geobacillus sp. xylanase and to profile the
purity of the enzyme, SDS-PAGE method was performed. Moreover, by activity staining
property of the Native-PAGE, it was verified that the protein band we observed positively

belonged to our enzyme.

2.2.5.1. SDS-PAGE

SDS-PAGE is an electrophoretic technique to separate the proteins in an electrical
field according to their size. The main principle is to denaturate the protein samples by
heat and strong denaturants like SDS and B-mercaptoethanol, then to image the vertical
separation of all the linearized protein content of the sample by their sizes. Smaller
proteins easily move further through the pores of the polyacrylamide gel, whereas larger
proteins retain. This principle provides us to image the purity of the sample and to

estimate the size of the target protein by the help of a defined protein marker.



From the protein expression to obtaining the purified protein, aliquots were
collected in each step for SDS-PAGE analysis (Laemmli 1970). Purified protein, total
protein before and after acetone precipitation, inactive fractions of gel filtration

chromatography and intracellular protein were profiled on the same gel.

Samples were diluted with the dye-containing sample buffer by a volume ratio of
1:4 and held in boiling water for 10 minutes for complete denaturation of the proteins.
Starting from the first well of the gel, 5 pl of molecular weight marker and 25 ul of
sample-sample buffer mixture were loaded into the wells. The gel cassette was inserted
in the buffer tank (Bio-Rad Mini-PROTEAN® Tetra Cell) and it half-filled with 1X
electrode (running) buffer. After electrophoretic run (100 V for 85 minutes), silver

staining method was applied to dye the protein bands.

Preparation protocols of the buffer systems, gels (separationg gel 12% and

stacking gel 4%) and silver staining reagents were explained in detail in Appendix G.

2.2.5.2. Native-PAGE

Native-PAGE is an electrophoretic method but the main difference with SDS-
PAGE is that the proteins are separated according to their size and also charge. The aim
for preparing a native gel is to separate the proteins without any denaturation to preserve
the enzyme activity. Thus, the samples were not heated and while preparing the buffer
systems and gels, the denaturants; SDS and B-mercaptoethanol were excluded.

For activity-staining of the desired bands, the gel was incubated in 2% xylan
solution at 55°C and 60 rpm, overnight.

Preparations of the buffer systems, gels (12% separating gel and 4% stacking gel)
and substrate solution were listed in detail in Appendix G.
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2.2.6. Biochemical Characterization Studies

After expression and purification steps, lastly, the enzyme was characterized
biochemically determining its kinetic parameters, optimum temperature and pH,
thermostability, stability against pH, shelf life and response to various metal ions,

chemicals and organic solvents.

2.2.6.1. Analysis of Kinetic Parameters

In this section, kinetic parameters of the enzyme, Km and Vmax, were investigated
by Lineweaver-Burk plot method (Lineweaver and Burk 1934). The substrate
concentrations of the reaction media were varied in the range of 1 to 20 mg/ml and the

double reciprocal plot was drawn.

2.2.6.2. Effect of Temperature on Activity and Stability of Xylanase

The optimum temperature for the activity of the Xxylanase expressed in
Geobacillus sp. was determined under the standard activity assay conditions. The only
parameter changed was the incubation temperature of substrate-enzyme reaction medium
ranging from 30°C to 90°C (5°C intervals).

To investigate the thermal stability of the enzyme, six enzyme aliquots were pre-
incubated at varying temperatures from 30°C to 90°C (10°C intervals) for 120 minutes.
From these aliquots, samples were collected after 15, 30, 60 and 120 minutes respectively.
Each sample was brought to 55°C quickly and each was assayed for its residual activity

at 55°C as summarized in Figure 2.1.

2.2.6.3. Effect of pH on Activity and Stability of Xylanase

The effect of pH on the activity of our xylanase was studied by performing the
assays at different pH values using different buffer systems; pH 3.0, 4.0, 5.0, 6.0 (citrate
buffer), pH 7.0 (sodium-phosphate buffer), pH 8.0 (Tris-HCI buffer), pH 9.0 (Glycine-
NaOH buffer).
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To test the pH stability of the enzyme, enzyme aliquots were pre-incubated with
the buffers mentioned above for 15, 30, 60 and 120 minutes at room temperature before
activity measurements as charted in Figure 2.2. The residual activity of each was

calculated and evaluated as percent relative activities.

Optimum Temperature Thermostability

Substrate + Enzyme

at30°C-90 °C for

reaction was termmf_it.ed by DNS T E——]
reagent addition i ) )
10 minutes incubation at 55 °C
I in boiling water for 15 minutes : s
the rest of the the residual activity
assay 1s the same as these three.
I absorbance reading (540 nm)

Figure 2.1. Method chart for optimum temperature and thermostability

| Enzyme was pre-incubated |

10 minutes mcubation at
30°C-90°C

Optimum pH pH Stability

Substrate + Enzyme I

Enzyme was pre-incubated
atpH 4.0, 5.0,6.0, 7.0, 8.0,9.0

| reaction was terminated by DNS ‘

10 minutes mcubation at 55 °C and
pH4.0,5.0,6.0,7.0,8.0,9.0

reagent addition ) ) ]
10 minutes incubation at 55 °C

Substrate was added. ‘

in boiling water for 15 minutes

the rest of the the residual activity
assay is the same as these three.

I absorbance reading (540 nm)

Figure 2.2. Method chart for optimum pH and pH stability
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2.2.6.4. Effects of Metal lons, Chemical Reagents and Organic Solvents
On Xylanase Activity

Effects of different metal ions were determined by applying standard activity
assay after incubating the enzyme with various metal ions for 10 minutes (KCI, NaCl,
CaCl,, MgClz, MnCl,, NaF, FeCls, NiCl, CuSOas, CdSQO4, CoClz, ZnClz with 1 mM and
10 mM final reaction mixture concentrations).

Similarly, the effects of EDTA, SDS, CHAPS and DTT (10 mM final reaction
mixture concentrations) and DMSO, Triton X-100, Tween 20, Tween 80 (10% v/v in
reaction mixture) were tested.

Lastly, how the organic solvents affect the activity was assayed by incubating the
enzyme with ethanol, methanol, acetone, isopropanol, chloroform, acetonitrile and f-
mercaptoethanol (10% v/v in reaction mixture) for 10 minutes before assaying the
residual activity.

A sample containing no additive served as control and its activity was accepted as
100% to be compared with the activities of the other samples. Besides this, absorbance
values were measured against blanks containing additives, substrate, DNS reagent and
the same volume of sodium phosphate buffer (pH 7.0) instead of enzyme.

2.2.6.5. Shelf-life Determination

To investigate the shelf-life of our xylanase, one aliquot was stored at room
temperature and another aliquot was stored at +4°C for 6 weeks. The activities of the enzyme

samples were checked every week.
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3.1. Total Protein and Purified Protein

CHAPTER 3

RESULTS AND DISCUSSION

In this study, partial purification of xylanase from thermophilic Geobacillus sp.

by acetone precipitation and gel filtration chromatography was achieved. According to

preliminary activity assays, being consistent with the literature studies, our xylanase was

found out to be an extracellular enzyme. Therefore, extracellular extract was selected for

following gel filtration step.

After centrifugation, the cell debris was left and the supernatant was collected.

Then, acetone precipitation was applied to collect the total protein. The precipitate was

resuspended in sodium phosphate buffer (50 mM, pH 7.0) and loaded to gel filtration

column which separates the proteins according to their molecular sizes. Each fraction was

tested for activity and the ones with highest activity were pooled (Figure 3.1). The

purification steps result in 8.089 fold, but unfortunately 16.395% yield, while the specific

activity of the purified Geobacillus sp. xylanase was calculated as 160.619 U/mg.

Table 3.1. Activity of xylanase from thermophilic Geobacillus sp.

Total Total Specific
Protein Activity protein Activity Purification Yield
(V) (mg) (U/mg) fold (%)
Crude extract
(before acet. ppt.) 29.395 1.480 19.857 1.000 100
Total protein
(after acetone ppt.) 66.971 0.685 97.712 4.921 46.230
Purified protein
(after gel filtration) 38.981 0.243 160.619 8.089 16.395
Intracellular crude
protein 12.702 0.354 35.842

14
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Figure 3.1: Gel filtration profile of total protein containing xylanase

3.2. Electrophoretic Studies and Activity Staining

SDS-PAGE and Native-PAGE were both run and desired bands were observed.

3.2.1. SDS-PAGE

A single distinct band was observed for the protein sample which was purified by
gel filtration, while no band was observable for inactive fractions as it was supposed to
be. The same band with the purified protein existed in the total protein and crude extract
together with some other bands. On the other hand, intracellular protein sample gave a

smear image (Figure 3.2) (Bio-Rad Molecular Imager VersaDoc™ MP 4000 System).

When we compared our protein band with the molecular weight marker
(Fermentas #SM0671), we calculated the molecular weight of our enzyme was ~40.1
kDa. The size of xylanase expressed in other bacterial species vary from ~20 to ~49 kDa,
fungal xylanases have relatively smaller average, but there are some exceptionally larger
xylanases as well (Subramaniyan and Prema 2002). For example, xylanase from
Enterobacter isolates is ~43 kDa (Sharma, Pujari, and Patel 2009), from a Bacillus sp. is
~29.8 kDa (Kamble and Jadhav 2012).
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Figure 3.2. SDS-PAGE image

Figure 3.3. Native-PAGE image

Order of the lanes for both gels is as follows:

M — Molecular marker (Fermentas #SM0671) (only on SDS polyacrylamide gel)

1 — Purified protein (fraction 15-20)

5 — Inactive fraction of gel filt. (1-9)

2 — Intracellular protein

6 — Inactive fraction of gel filt. (10-14)

3 — Total protein (after acetone ppt.)

7 — Inactive fraction of gel filt. (21-30)

4 — Crude extract (before acet. ppt.)

8 — Inactive fraction of gel filt. (31-40)
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3.2.2. Native-PAGE

The native polyacrylamide gel was stained overnight in the substrate solution to
verify that the protein band observed on SDS gel was xylanase. Only on the lane 1 and
lane 4, a brown band appeared where the enzyme is due to the xylanolytic activity with
the substrate (Figure 3.3).

3.3. Biochemical Characterization of Xylanase

Using the biochemical methods based upon the enzyme-substrate relations,
conditional behaviours of the xylanase were investigated.

3.3.1. Kinetic Analysis

To determine the Kinetic parameters, Kmn and Vma, Of the thermophilic
Geobacillus sp. xylanase, initial reaction rates at different substrate concentrations
ranging from 1 to 20 mg/ml were measured. It exhibited a hyperbolic response obeying
Michaelis-Menten Kinetics. In order to obtain Lineweaver-Burk plot (Figure 3.4.),
1/Substrate concentration (1/[S]) values were plotted against 1/Reaction rate (1/V) and

kinetic parameters were calculated using the trendline equation of this double reciprocal

graph.
0-5 T T
- 0.4 =
E
- 5 0.3 =
—
o
S 0.2F 3
— y =0,3215x + 0,0316
L 0.1 Rz =0,9933 .
1 1
-0.5 0.0 0.5 1.0 1.5

1/[S] (1/mg/ml)

Figure 3.4. Lineweaver-Burk plot of xylanase
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Kmand Vmax values of our xylanase were determined as 10.2 mg/ml and 31.7 U/ml,
respectively.

The K of an alkali-thermostable xylanase from Geobacillus sp. WBI is 0.9 mg/mi
(Mitra et al. 2015). The native xylanase of Geobacillus thermoleovorans results a Km
value of 2.6 mg/ml (Verma and Satyanarayana 2012). The Kn value of xylanase Bacillus
arseniciselenatis DSM 15340 acted on birchwood xylan is 5.26 mg/ml (Kamble and
Jadhav 2012). Compared with the xylanases of other organisms, xylanase of Geobacillus
sp. has a larger Km value, which means it has a lower affinity for its substrate and requires

a greater concentration of substrate to achieve its Vmax.

3.3.2. Optimum Temperature for Enzyme Activity

Measurements of xylanase activity at variable temperatures showed that the
activity never drops below 70% of the standard activity. Thus, we can pronounce our
xylanase as a quite convenient and favorable enzyme for any industrial or lab-scale
applications.

The optimum temperature of the purified xylanase from Geobacillus sp. was
55°C, the enzyme shows the highest activity at this temperature in the range of 30-90°C
(Figure 3.5).
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Figure 3.5. Effect of temperature on Geobacillus sp. xylanase activity
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The optimum temperatures of xylanases from Bacillus Subtilis ASH (Sanghi et al.
2010) and from Aspergillus terreus (M. Sorgatto 2012) are 55°C as well. Closely, it is
noted that thermoalkalophilic species of Bacillus gives the best results at 50°C (Kamble
and Jadhav 2012). On the other hand, xylanase from Streptomyces sp. CH-M-1035 is
highly thermophilic that it requires 70°C for highest activity (Huitro 1997). Similarly, the
optimum temperature is 75°C for Geobacillus sp. TC-W?7 xylanase (B. Liu et al. 2012)
and even 80°C for Nonomuraea flexuosa and Thermoascus aurantiacus xylanases (Zhang
et al. 2011). The xylanase we expressed in Geobacillus sp. has a moderate optimum
temperature, whereas that it remains active in a wide temperature range makes it

compensative at high temperatures.

3.3.3. Thermostability

Thermostability assays of the purified enzyme revealed that our xylanase did not
lose its activity when it was incubated at high temperatures. First 30 minutes, the relative
activity did not drop below 90% in any condition. After 1 hour, 85% activity was observed
at 60°C and after 2 hours, the lowest residual activity reaches down to 65% at 90°C. The
pattern of the graph states that the breaking point was 60°C (Figure 3.6).
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Figure 3.6. Thermostability profile of Geobacillus sp. xylanase
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The xylanase from Bacillus subtilis ASH retains active until 45°C for 10 minutes
incubation. Then, the relative activity drops to 50% as approching to 60°C (Sanghi et al.
2010). Thermobifida halotolerans Y1M 90462 xylanase maintains 90% of its activity until
30 minutes when the temperature passes 70°C, but the relative activity dramatically drops
to 0% after 30 minutes at 80 and 90°C. Similarly, the xylanase from Geobacillus sp. WBI
keeps active until 65°C when incubated for 1 hour and approaches to 0% relative activity
at 80°C (Mitra et al. 2015). Whereas, as Cordeiro et al. stated (Cordeiro et al., 2002.),
their Bacillus sp. xylanase was stable for 2 hours at temperatures ranging from 30-50°C
while at 60°C and 100°C, 10% and 29% of the activities were lost respectively, but it
does not get below 70% even at 100°C. Compared with the other studies, xylanase

expressed in Geobacillus sp. can be counted as a highly thermostable enzyme.

3.3.4. Optimum pH for Enzyme Activity

Based on the results of testing the effect of pH on enzyme activity, we can say
that our enzyme was suitable to work in a wide pH range. The relative activity never
dropped below 84%. Besides this, alkali media helped our enzyme as an activator that

relative activity was the highest at pH 8.0 (Figure 3.7).
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Figure 3.7. Effect of pH on Geobacillus sp. xylanase activity
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3.3.5. pH Stability

The activity of enzyme which was not subjected to any pH treatment was accepted
as 100%. Then the activities were calculated and plotted against pH values (Figure 3.8).
The pattern of the graph tells us that both acidic and basic conditions were appropriate
for Geobacillus sp. xylanase to show its activity. No significant change was observed up
to pH 8.0 and relative activity remained above 80% until 60 and 120 minutes incubations
of pH 9.0. The Thermobifida fusca xylanase is stable in the pH range 3.0-9.0 (Zhao et al.
2015), xylanase from T. lanuginosus CBS 288.54 in pH 6.5-10.0 (Li et al. 2005) and

xylanase from Bacillus amyloliquefaciens is stable up to pH 9.0 (Breccia et al. 1998).

Relative Activity (%)

15 min i

—a— 30 min
—4— 60 min ]
- 120 min 7]

Figure 3.8. pH stability profile of Geobacillus sp. xylanase

3.3.6. Effects of Metal lons on Enzyme Activity

In order to determine the effects of various metal ions on xylanase activity, the
enzyme was incubated at room temperature in the presence of 1.0 mM and 10.0 mM total
ion concentrations and the activity was assayed by the standard protocol. Each blank
contained substrate, metal ions, buffer and DNS reagent and a sample which did not
contain any metal ion was our control and accepted as hundred percent active. The effects

of metal ions on enzyme activity were calculated as residual activity (Table 3.2).

21



Table 3.2. Effects of metal ions on Geobacillus sp. xylanase activity

Residual Activity (%) Residual Activity (%)
Metal lon (2.0 mM) (10.0 mM)

None 100.0 100.0

KCI 100.5 89.8
NaCl 109.4 100.1
CaCl> 142.1 177.7
MgCl. 109.0 81.0
MnCl> 135.8 184.3

NaF 109.3 105.4
FeCls 62.4 17.0
NiCl> 137.7 89.4
CuSOq4 124.6 95.0
CdSO4 79.6 73.9
CoCl; 148.7 126.6
ZnCl; 86.6 68.1

Ca?*, Mn?" and Co?* ions with the concentration of 1 mM and 10 mM increased
the activity, whereas Mg?*, Ni?*, Cu?* affected the activity positively only when the total
concentration was 1 mM. Besides these, Zn?*, Cd?* and especially Fe®** shielded the

activity considerably.

3.3.7. Effects of Various Chemical Reagents on Enzyme Activity

Surfactants may cause denaturations in the three dimensional structures of the
enzymes by disrupting their non-covalent bonds. An enzyme that has lost its native
conformation loses its activity. Similarly, reagents with thiol groups bring about activity
losts by reducing the disulphide bonds and consequently damage enzyme structure.
Moreover, DMSO addition results in protein unfolding due to preferential binding of
sulphoxide to hydrophobic and aromatic side chains. Also, DMSO decreases the water
solubility of the proteins as it is a strong polar aprotic solvent (Arakawa, Kita, and
Timasheff 2007). In here, SDS and DTT both caused remarkable activity fall down to

~55%.
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Table 3.3. Effects of various chemical reagents on Geobacillus sp. xylanase activity

Reagent Residual Activity (%)
None 100.0
EDTA (10 mM) 88.2
SDS (10 mM) 55.8
CHAPS (10 mM) 67.0
DTT (10 mM) 55.2
DMSO (10%) 91.8
TritonX-100 (10%) 88.8
Tween 20 (10%) 94.1
Tween 80 (10%) 86.3

Solvents are supposed to affect the hydrophobic interactions on the protein

3.3.8. Effects of Organic Solvents on Enzyme Activity

structure and result in change of the protein solubility in water and conformational
structure. The Geobacillus sp. xylanase activity was not strongly affected by organic

solvent additions, except B-mercaptoethanol which dropped the activity to ~65%.

Table 3.4. Effects of common organic solvents on Geobacillus sp. xylanase activity

Organic Solvent

Residual Activity (%)

None 100.0
Hexane (10%) 93.4
EtOH (10%) 97.4
MeOH (10%) 91.9
Acetone (10%) 104.7
Isopropanol (10%) 86.7
Chloroform (10%) 103.7
Acetonitrile (10%) 91.2
B-ME (10%) 65.3




3.3.9. Shelf-life Determination

The activities of the enzymes are supposed to change in time. Thus, we tested the

shelf-life of our protein when stored in refrigerator and at room temperature. Both the

total protein and the purified enzyme remained active at room temperature and +4°C for

first 3 weeks, then slight changes was observed by fourth week espeacially for room

temperaure storages (Table 3.5.) Sanghi et al. states that Bacillus subtilis ASH had not

lost its activity for six weeks but therafter, a decline had been observed for +4°C storage.

Whereas, at room temperature, the enzyme had stayed active first three weeks and then

lost half of its activity up to 10 weeks (Sanghi et al. 2010).

Table 3.5. Shelf-life determination for total protein and purified protein

Time Total protein Total protein Purified protein | Purified protein
(%0) at +4°C at room temp. at+4°C at room temp.
Week-1 99.5 99.8 99.1 99.3
Week-2 98.2 99.1 97.0 97.5
Week-3 98.4 99.4 97.5 96.1
Week-4 92.5 92.2 96.1 88.9
Week-5 90.0 91.0 94.0 88.0
Week-6 88.6 89.4 92.5 86.5
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CHAPTER 4

CONCLUSION

In our study, we mainly aimed to isolate, purify and characterize a xylanase
expressed in thermophilic Geobacillus sp.

After isolation, acetone precipitation and gel filtration chromatography techniques
were followed, electrophoretic studies were completed and the molecular weight was
found as ~40.1 kDa. Then, a series of biochemical characterization assays were
performed.

Initially, Km and Vmax values were estimated from varying xylan concentrations
against reaction rate double reciprocal plot as 10.2 mg/ml and 31.7 U/ml, respectively.
Secondly, temperature and pH optima values for highest enzyme activity were detected.
Optimum temperature was found as 55°C and pH as 8.0. Additionally, effects of
temperature and pH on enzyme stability were investigated. According to our results, the
enzyme shows high resistance against temperature and pH and is able to work any
condition up to 2 hours, but only when it was incubated over 80°C for 120 minutes, the
residual activity drops below 70%. Also, we have tested the effects of metal ions, some
specific chemicals and common organic solvents on enzyme activity. Briefly; Ca®*, Mn?*
and Co?* act as strong activators whereas Zn?*, Cd?*, Fe®*, EDTA, SDS, CHAPS and DTT
inhibit the activity. None of the organic solvents, but B-mercaptoethanol affect the activity
significantly. Lastly, shelf-lives at +4°C and room temperature were tested and no
remarkable falling observed up to 6 weeks for purified protein. It drops below 90%
resiudual activity only for room temperature storage.

In conclusion, the enzyme was purified and some general biochemical
characteristics were determined. Further purification steps may be applied to obtain
higher activities and different biotechnologies (like recombinant technologies and/or

enzyme engineering techniques) may be prefered for higher yields during expression.
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APPENDIX A

CHEMICALS USED IN THE EXPERIMENTS

Bacto Agar

Tryptone

Yeast Extract

Sodium chloride ( NaCl )

Ammonium nitrate ( NHsNO3)

Potassium dihydrogen phosphate ( KH2PO4)
Magnesium sulfate heptahydrate ( MgSO4.7H.0 )
Manganese (11) sulfate monohydrate ( MnSO4.H20 )
Sodium hydrogen phosphate ( NazHPO4)
Sodium dihydrogen phosphate ( NaH2PO4)
Monosodium citrate

Citric acid

Tris Base

Hydrogen chloride ( HCI )

Sodium hydroxide ( NaOH )

Glycine

EDTA

SDS

CHAPS

DMSO

DTT

Triton X-100

Tween 20

Tween 80

Hexane

Ethanol

Methanol
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Acetone

Isopropanol

Chloroform

Acetonitrile

[-mercaptoethanol
3,5-Dinitrosalicylic acid

Potassium sodium tartrate
Acrylamide
N’N’-bis-methylene-acrylamide
Bromophenol blue ( CBB G-250)
Phosphoric acid

Glycerol

Ammonium persulfate ( (NH4)2S20s )
TEMED

Sodium thiosulfate pentahydrate ( Na2S203.5H20 )
Acetic acid

Formaldehyde

Silver nitrate ( AgNO3)

Potassium carbonate ( K2COs3)
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APPENDIX B

BUFFER SOLUTIONS

l. Citrate Buffer (pH 3.0, pH 4.0, pH 5.0, pH 6.0)

Citrate buffer (Gomori 1955) stock solutions:
o 0.1 M citric acid (21.01gin1.0L)
o 0.1 M sodium citrate (29.41gin1.0L)

Following buffer systems were prepared using these stock solutions and diluting
them to 100.0 ml with 50.0 ml dH20. In the end, they were diluted 1:2 to obtain 50.0 mM

concentration.

Volume of Volume of
0.1 M Citric acid (ml) 0.1 M Sodium citrate (ml) Desired pH
46.5 35 3.0
33.0 17.0 4.0
20.5 29.5 5.0
9.5 41.5 6.0

1. Sodium Phosphate Buffer, 0.1 M (pH 7.0)

Below listed amounts of stock solutions were mixed and diluted 1:2 to obtain 50.0

mM buffer system at pH 7.0.

Volume of Volume of
1.0 M NazHPO4 (ml) 1.0 M NaH2PO4 (ml) Desired pH
57.7 42.3 7.0




I11.  Tris-Cl Buffer, 1.0 M (pH 8.0)

121.1 g of Tris-base was dissolved in 700.0 ml of dH20. pH was adjusted to 8.0
using concentrated HCI. The solution was filled up to 1.0 L with dH20. Finally, the stock
solution was diluted to 50.0 mM with dHO.

IV.  Glycine-NaOH Buffer (pH 9.0)

First, 0.2 M glycine and 0.2 M NaOH were prepared and mixed as listed below
in the table. Then, it was diluted to 100.0 ml with dH2O (Pearse 1980).

Volume of Volume of
0.2 M Glycine (ml) 0.2 M NaOH (ml) Desired pH
25.0 4.4 9.0

Buffers used for electrophoretic studies are listed in Appendix D.
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APPENDIX C

MEDIUM

Liquid Medium, 100 ml (pH 7.0)

o Beechwood xylan, 1%
. Tryptone, 2%

. Yeast extract, 0.25%
. NH4NO3, 0.2%

. KH2PO4, 0.2%

. MgS04.7H20, 0.1%

. MnSQO4, 0.005%

The solid components above were diluted to 100.0 ml with deionized water and

autoclaved.
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APPENDIX D

PREPARATION OF DNS REAGENT

o 1.0 g 3,5-dinitrosalicylic acid

o 20.0 ml 2N NaOH

were dissolved together.

o 30.0 g potassium sodium tartrate (also know as Rochelle salt)

was added and completed to a final volume of 100.0 ml with dH20.

For 2N NaOH,;
. 8.0 g NaOH
was completed to 100.0 ml with dH0.
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APPENDIX E

XYLOSE STANDARD CURVE

. Preparation of Xylose Stock Solution (0.01 M)

o 0.0375 gram xylose
was dissolved in 25.0 ml Na-P buffer (50.0mM, pH 7.0) (stored at -20°C).

Dilution ratio Concentrations
11 10.00 pumol/ml
1:2 5.00 pumol/ml
1:3 3.33 umol/ml
1:5 2.00 umol/ml
0.8 T T T T T | T

=
N
T
|

R’=0.9994

Absorbance (540 nm)
(=3
N
T

0.2 y=0.0499x+0.0215
0.0 ' ' ' : : ; '
0 2 4 6 8 10 12 14

Xylose Concentration (Lmol/ml)

Figure E.1. Xylose standard curve
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APPENDIX F

BRADFORD ASSAY AND BSA STANDARD CURVE

. Preparation of 5X Bradford Reagent

o 50.0 mg Coomassie Brilliant Blue G-250
o 25.0 ml 95% ethanol
o 50.0 ml 85% phosphoric acid

were dissolved within the order above and brought to 100.0 ml with ultra pure

water and filtered through Whatman Grade 1 qualitative filter paper (stored at 4°C).
The Bradford reagent was diluted to 1X before use.

Il.  Preparation of BSA Stock Solution (0.2 mg/ml)

0.02 gram BSA was dissolved in 1.0 ml distilled water. 10 pl was taken from this

solution and diluted to 1.0 ml with distilled water.

I11. Preparation of BSA Standards and The Standard Curve

Standard BSA (ul) dH20 (ul) Bradford Reagent (ul)
Blank 0.0 800.0 200.0

1 pg/ml 5.0 795.0 200.0

2 pg/ml 10.0 790.0 200.0

4 pg/ml 20.0 780.0 200.0

6 pg/ml 30.0 770.0 200.0

8 pg/ml 40.0 760.0 200.0

37



Standard samples were prepared as in the table above and incubated at the room
temperature for 5 minutes. Absorbances were measured (595 nm) using Perkin Elmer

Lambda Bio+ Spectrophotometer and standard curve was plotted (Figure F.1.).

0.5 T T ] T
_ o
E 0.4 o -
W /,./’@
e P
0 0.3t o |
ra
02 .
= y=0,036x+0,1612
2 9ql R2=0,9906 i
<

0.0 | 1 | |

0 2 4 6 8 10

BSA concentration (ng/ml)

Figure F.1. BSA standard curve
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APPENDIX G

PREPARATIONS FOR SDS-PAGE AND NATIVE-PAGE

l. Stock Solutions for SDS-PAGE

A. 30% Acrylamide Mixture
e 87.6 g acrylamide
e 2.4 g N’N’-bis-methylene-acrylamide

were diluted to 300.0 ml with deionized water (stored at 4°C).

B. 1.5M Tris-HCI (pH 8.8)

e 27.23 g Tris Base
was dissolved in 120.0 ml deionized water, pH was adjusted to 8.8 with 6N HCI.
Then, it was diluted to 150.0 ml with deionized water (stored at 4°C).

C. 0.5M Tris-HCI, pH 6.8

e 6.0g Tris Base
was dissolved in 80.0 ml deionized water, pH was adjusted to 6.8 with 6N HCI.
And, it was diluted up to 100.0 ml with deionized water (stored at 4°C).

D. 10% SDS
e 10.0gSDS

was dissolved in 90.0 ml deionized water by gentle stirring and brought to 100.0 ml with

deionized water (stored at room temperature).

E. Sample Buffer

e 3.55 ml deionized water

e 1.25ml 0.5M Tris-HCI (pH 6.8)
e 2.5 ml Glycerol

e 2.0ml 10% (w/v) SDS
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e 0.2 ml 0.5% (w/v) bromophenol blue (CBB G-250)
e 50.0 ul B-mercaptoethanol

were mixed together (stored at room temperature).

F. 10X Running Buffer (pH 8.3)

e 30.3g Tris Base
e 144.0 g Glycine
e 10.0gSDS

were dissolved in 800.0 ml deionized water and brought up to 1.0 L. Required amount

was diluted to 1X just before use (stored at 4°C).

G. 10% Ammonium persulfate (APS)

e 0.1gAPS

was dissolved in 1.0 ml deionized water just before gel preparation as it is required to be

fresh.

Il.  Gel Preparation for SDS-PAGE

Separating Gel (12%) and Stacking Gel (4%) were prepared as in the table.

12% SDS-PAGE

4% SDS-PAGE

Reagents separating gel stacking gel
Acrylamide/Bis (30%) 4.00 ml 1.30 ml
Deionized water 3.35ml 6.10 ml

1.5M Tris-HCI (pH 8.8) 2.50 ml -

0.5M Tris-HCI (pH 6.8) - 2.50 ml
10% SDS 1.00 ml 10.00 pl
10% APS 50.00 pl 50.00 pl
TEMED 5.00 pl 10.00 pl
Total volume 10.90 mi 9.97ml
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A

were mixed and completed to 300.0 ml with deionized water.

C.

Silver Staining for SDS-PAGE

Fixer Solution

150.0 ml methanol

36.0 ml acetic acid

150.0 pl 37% formaldehyde

50% Ethanol
600.0 ml absolute ethanol

600.0 ml deionized water

Pretreatment Solution
0.08 g Na2S203.5H,0

was dissolved in 400.0 ml deionized water.

F.

Silver Nitrate Solution
0.8 g silver nitrate
400.0 ml deionized water

300.0 pl 37% formaldehyde

Developing Solution

400.0 ml deionized water

9.0 g potassium carbonate

8.0 ml from pretreatment solution above
300.0 pl 37% formaldehyde

Stop Solution
200.0 ml methanol

48.0 ml acetic acid

were mixed and completed to 400 ml with deionized water.

All were stored at room temperature.
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IV. Stock Solutions for Native-PAGE

Stock solutions for Native-PAGE were prepared quite similarly to solutions of

SDS-PAGE. Only difference was the absence of denaturating reagents like SDS and (-

mercaptoethanol.

A. 30% Acrylamide Mixture
e 87.6 g acrylamide
e 2.4 g N’N’-bis-methylene-acrylamide
were diluted to 300.0 ml with deionized water (stored at 4°C).

B. 1.5M Tris-HCI (pH 8.8)

e 27.23 g Tris Base
was dissolved in 120.0 ml deionized water, pH was adjusted to 8.8 with 6N HCI.
Then, it was diluted to 150.0 ml with deionized water (stored at 4°C).

C. 0.5M Tris-HCI, pH 6.8

e 6.0g Tris Base
was dissolved in 80.0 ml deionized water, pH was adjusted to 6.8 with 6.0N HCI.
And, it was diluted up to 100.0 ml with deionized water (stored at 4°C).

D. Sample Buffer

e 5.55 ml deionized water

e 1.25ml 0.5M Tris-HCI (pH 6.8)

e 3.00 ml Glycerol

e 0.20 ml 0.5% (w/v) bromophenol blue (CBB G-250)

were mixed together (stored at room temperature).

E. 10X Running Buffer
e 30.3g Tris Base
e 144.1 g Glycine
were diluted to 1.0 L with deionized water (stored at 4°C).
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F. 10% Ammonium persulfate (APS)

e 0.1gAPS

was dissolved in 1.0 ml deionized water just before gel preparation as it is required to be

fresh.

V.  Gel Preparation for Native-PAGE

Separating Gel (12%) and Stacking Gel (4%) were prepared as in the table.

12% Native-PAGE

4% Native-PAGE

Reagents separating gel stacking gel
Acrylamide/Bis (30%) 4.00 ml 1.30 ml
Deionized water 4.35 ml 6.20 mi

1.5M Tris-HCI (pH 8.8) 2.50 ml -

0.5M Tris-HCI (pH 6.8) - 2.50 ml
10% APS 50.00 pl 50.00 pl
TEMED 5.00 pl 10.00 pl
Total volume 10.90 ml 10.06ml

VI.  Substrate Solution for Activity Staining of Native-PAGE

For 2% substrate solution, 4.0 gram of beechwood xylan was dissolved in 200.0

ml deionized water by boiling and then cooled. The gel was incubated in this solution

overnight at 55 °C, 60 rpm.
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