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Master Thesis / PhD. Thesis

SUMMARY

CLONING, EXPRESSION, AND CHARACTERIZATION OF THE B-GLUCOSIDASE
FROM JIANGELLA UREILYTICA KC603

Arife KACIRAN

Karadeniz Technical University
The Graduate School of Natural and Applied Sciences
Molecular Biotechnology Graduate Program
Supervisor: Prof. Dr. Ali Osman BELDUZ
2020, 80 Pages,

Carbohydrates within organic molecules are the most common molecules in the biosphere.
The variety of these molecules is provided by the synthesis and demolition processes of many
enzymes. Among these enzymes, B-glucosidases (EC.3.2.1.21) is mostly in the glycoside hydrolase
family 1 and 3. B-glucosidases hydrolyzes oligosaccharides or the glycosidic bond between two
groups, one carbohydrate and the other non-carbohydrate (aryl or alkyl). B-glucosidases are
potenial candidate for use in deglycosylation of bulky phenolic compounds. In this study,
deglycosylation activity of JurBglIKC603 strain on phenolic compounds was investigated. First, the
DNA sequences encoding for B-glucosidase of Jiangella ureilytica KC603 (JurBglKC603) was
cloned into the p-GEM®-T easy cloning vector and then it was subcloned into the pET28a (+)
expression vector. JurBglIKC603 was characterized and effects on phenolic compounds were
investigated. The results obtained after the studies are as follows. The optimum temperature of
JurBgIKC603 was 35 'C and the optimum pH was 6,0. Para-nitrophenyl B-D-glucopyranoside
(PNPG) related kinetics parameters were examined for the substrate of the enzyme and for this
substrate, Kinetic parameters were determined as K, = 0.448757 mM, Vs = 3790.176 U / mg, Kea
=3217.405119 s and key / Ky = 7169.596 s'mM™. The effects of Mg?*, Ni?*, Ca®*, K**, Zn**, Fe?,
Cu®, Mn?*, Na**, Hg** and Co?" on this enzyme were examined. In the next step, the effect of
JurBgIKC603 on Cucubitacin (Cucurbitacin E-2-O-glucoside), Myricetin (myricetin-3-O-
glucoside) and Resveratrol (piceid) substrates with phenolic properties was determined by TLC
analysis. It was observed that JurBglKC603 deglycolysated only resveratrol out of these substrates.
Thus, resveratrol, which is used in cancer treatment, has become more antioxidant by liberating its

functional group as a result of deglycosylation.

Key Words: Jiangella ureilytica KC603, B-glucosidase, Cucubitacin, Resveratrol, Myricetin
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Yiksek Lisans/Doktora Tezi

OZET

CLONING, EXPRESSION, AND CHARACTERIZATION OF THE B-GLUCOSIDASE
FROM JIANGELLA UREILYTICA KC603

Arife KACIRAN

Karadeniz Teknik Universitesi
Fen Bilimleri Enstitiisii
Molekiiler Biyoteknoloji Anabilim Dal1
Danisman: Prof. Dr. Ali Osman BELDUZ
2020, 80 Sayfa,

Organik molekiiller iginde yer alan karbohidratlar biyosferde en yaygin olan molekiillerdir.
Bu molekiillerin gesitliligi bircok enzimin sentez ve yikim islemleri ile saglanir. Bu enzimlerden
glikozid hidrolaz ailesinden 1. ve 3. aile i¢inde biiyiik bir grup olan B-glukozidazlar (B-D-glukozid
glukohidrolazlar), oligosakkaritleri ya da biri karbohidrat digeri karbohidrat olmayan (aril veya
alkil) iki grup arasindaki glikozidik bagi hidrolizler. B-glukozidazlarin bilinen bir diger 6zelligi de
fenolik bilesikler istiideki etkisidir. Bu ¢alismada Jiangella ureilytica KC603 susundan elde edilen
B-glukozidaz (JurBgIKC603) enziminin belirlenen fenolik bilesikler iizerindeki etkisi incelendi. Ik
olarak Jiangella ureilytica KC603 susundan elde edilen B-glukozidaz genini kodlayan DNA
dizisinin p-GEM®-T easy klonlama vektoriine ve ardindan pET28a(+) ekspresyon vektdriine
klonlama islemi gergeklestirildi. Saf olarak elde edilen B-glukozidaz enziminin karakterizasyonu
gergeklestirildi. JurBgIKC603 nin optimum sicakligi 35 °C ve optimum pH degeri 6,0 oldugu tespit
edildi. Enzimin substrat1 olarak paranitrofenil butirat ile ilgili kinetik parametreleri incelendi ve bu
substrat i¢in kinetic parametreler, K., = 0,448757 mM, Vo« = 3790,176 U / mg, K. = 3217, 405119
st ve ke / Ky = 7169,596 s'mM™ olarak belirlendi. Mg*?, Ni, Ca*?, K, Zn*?, Fe*?, Cu*?, Mn*?,
Na*’, Hg** ve C*? iyonlarinin bu enzim iizerindeki etkisi incelendi. inhibitorler ve aktivatorlerin
JurBglKC603 iizerindeki etkileri belirlendi. Sonraki asamada fenolik 6zellik gosteren Cucubitasin
(Cucurbitasin E-2-O-glucoside), Mrisetin (myricetin-3-O-glucoside) ve Resveratrol (Piceid)
substratlar iizerinde JurBglKC603 nm etkisi, TLC analizi ile belirlendi. JurBgIKC603’iin, bu
substratlardan sadece resveratrolii deglikolize ettigi gdzlendi. Boylece kanser tedavisinde kullanilan
resveratol, deglikolizasyon sonucu fonksiyonel grubunun agiga ¢ikarilmasi ile daha antioksidan

hale getirilmis oldu.

Anahtar Kelimeler: Jiangella ureilytica KC603, B-glukozidaz, Cucubitasin, Resveratrol, Mirisetin
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1. INTRODUCTION

All living organisms on earth have been classified in to three groups: which
includes Bacteria, Archea and eukaryotes. Bacteria are most widely distributed everywhere
in the environment. On the basis of temperature conditions bacteria are categorized as: 1)
Psychrophiles; can live between -10 °C and 15 °C, 2) mesophiles that can tolerate
temperature range between 15 °C and 50 °C, however, 3) thermophiles can survive above
50 °C (Trent, 2000).

Bacteria exist in various habitats such as soil, seawater, deep in the ocean, crust of
earth, skin, intestines, and hides of animals, acidic hot water springs and radioactive waste.
Bacteria play significant role in various industrial sectors, such as wastewater treatment;
cheese, soy sauce, vinegar, wine and yoghurt production, as well as the production of
pharmaceuticals agents, antibiotics and other chemicals essential for biotechnological
fields. Bacteria are also of great importance in the elimination of industrial toxic wastes
from chemical industry and environment, also for the production of pharmaceuticals and
agrochemicals (Dworkin vd., 2006). Similarly, bacteria that can hydrolyze hydrocarbons in
petroleum are often used to remove petroleum scattering. Moreover, enzyme productions
by bacteria are also being exploited and their properties can be enhanced by modifying
structure of DNA and plasmids through mutation by several means. Bacteria have been
used as an experimental entity for comprehending biochemistry of cell by using enormous
amounts of enzyme kinetics and gene expression in mathematical models of living

organisms (Angelin-Bonnet vd., 2018).

Research on enyzmes have occupied most of the history of biochemistry. First
important trials on biological catalysis by enzymes were carried out between 1760-1825.
S.S.Berzelius, a Swedish chemist, conducted the first study on a particular enzyme in 1835,
showing that diastasis hydrolyzes starch ‘in vivo' at a higher yield than sulfuric acid.
Similarly, in 1860, L. Pasteur proved by experimentation that enzymes carried out the
fermentation event. Therefore, the term ‘ferment' has been used instead of the term
“enzyme”. However, Pasteur supposed that enzymes can only function within the cell. The

most important development in the field of enzyme technology was made in 1962 when J.



B. Sumner revealed that it was a protein compound after crystallizing the urease enzyme
from the 'Jack Bean' plant. These findings, which were approached with suspicion in the
past, was confirmed between 1930 and 1936 by J. Northrop crystallizing the pepsin,
trypsin and chymotrypsin enzymes and demonstrating that they were in protein structure
(Kiifrevioglu and Keha, 2012).

Several studies had carried out on enzymes by scientists and still vast amount of
knowledge is being added into this field. Enzymes obtained as a result of these studies are
classified in six different categories according to their structure and function, and specific
enzyme commission (EC) number is alloted to them. According to International
Biochemistry and Molecular Biology (IUBMB), the designation and classification of
enzymes is based on the function of the enzyme in certain catalysis reaction mechanism
(McDonald vd.,2008). At present, six main enzyme groups exist and are briefly named as
Oxidoreductases, Transferases, Hydrolases, Lyases, Isomerases and Ligases (Table 1)
(Orhan, 2003).

Table 1. Enzyme groups and reactions that enzymes catalyze (Isbakan, 2006).

Enzymes / EC numbers Reactions that enzymes catalyze

Oxidoreductases (EC.1)  Enzymes that catalyze redox reactions between two substrates

Transferases (E.C.2) Enzymes that catalyze the transfer of groups without hydrogen
between two substrates.

Hydrolases (E.C.3) They are enzymes that catalyze the hydrolytic reaction by
releasing water molecule

Lyases (E.C.4) Specific molecules are joined by forming double bonds is
catalysed by these enzymes

Isomerases (E.C.5) Enzymes that catalyze the conversion of geometric, optical or
structural isomers to each other. It provide reorganization of bonds
in a single molecule.

Ligases (E.C.6) Enzymes that catalyzes the binding reactions of two molecules
with the help of energy that results from the breaking of the
phosphate bond from high energy phosphate compounds such as
ATP and GTP.




1.1. Actinobacteria

Actinobacteria, present in both aquatic and terrestrial environments, are gram-
positive bacteria with high GC content, which constitutes one of the largest bacterial phyla.
When the sequencing of the actinobacterial genomes are performed, it is assumed that they
belong to the relevant organisms in the field of medical, veterinary, biotechnology and
ecology. Similarly, these phyla reflect the biological diversity of the observed genomic
heterogeneity. Moreover, the fact that actinobacteria has a wide secondary metabolism,
makes this group widely used in the pharmaceutical industry and agriculture.
Actinomycetes are used in the production of most naturally derived antibiotics in the
current clinical conditions, as well as many antifungal, anticancer and insecticidal
compounds (Barka vd., 2016).

It is known that many of the actinobacteria have a free-living and undergo
complicated morphological differentiation. Actinomycetes, which can grow through the
combination of hyphae elongation and branching, have received their names due to these
properties. Actinomycetes derived from the Greek words ray (actisor beam) and fungus
(mucosa) and considered as properties between fungi and bacteria. Because of the
formation of mycelium of most actinobacteria and the many of these mycelium
actinomycetes reproduce by sporulation, it is similar to filamentous fungi (Bhatt vd.,
2017). On the other hand, it is superficial as compared to mushrooms. The cells of
actinomycetes are thin like all bacteria, as well as they have a prokaryotic nucleotide and a
chromosome arranged on a peptidoglycan cell walls. At the same time, their cells are
sensitive to antibacterial agents. When viewed physiologically and ecologically, most

Actinobacteria are aerobic (Barka vd., 2016).

In the last decade, due to development of genomic sequencing and metabolic
engineering, obtaining natural products and using their derivatives in the treatment of
many diseases, research on actinobacteria have increased. The actinobacteria that is
considered microbial cell factory used to produce most of the natural antibiotics. With the
introduction of new bioinformatic tools and methods of metabolic engineering, synthetic
reaction pathways of chemicals such as fatty acids and biofuels have been arranged in
model organisms. With the development of these methods, regulations have been made on

the production of natural antibiotics by actinobacteria (Tan and Liu, 2016).



1.1.2. General features of the Genus Jiangella

The members of the Jiangella located in the Jiangellaceae are in the
Actinobacteria. Jiangella can be distinguished by morphological and chemotaxonomic
features such as LL-diaminopimelic acid in the cell wall incorporated in the peptidoglycan
and MK9 (H4) as the main menaquinone. Jiangella genus has limited tolerance to high
sodium chloride level compared to other family types. There are eight species belong to the
genus Jiangella in the literature (Table 2). These are Jiangella gansuensis isolated from
desert soils, Jiangella alba, Jiangella alkaliphila, Jiangella endophytica and Jiangella
rizosphaerae isolated from plant tissues, Jiangella anatolica obtained from the crater lake
and mangrove beaches, and Jiangella muralis isolated from a mangroves soil environment
(Saygin vd., 2019).

Table 2. General information about strains of Jiangella genus and genomes of their species
(Saygin vd., 2019).

Genbank contig Size (bp) Protein RNA DNAG+C
accession coding content
number sequences (mole%o)
Jiangella SMKZ00000000 134 7034063 6786 51 71.0
asiatica
5K138
Jiangella SMLB00000000 102 6620775 6289 50 71.8
aurantiaca

8K307




Table 2. continues

Jiangella ~ SMKLO0000000 168 6345964 6104 50 72.5
ureilytica 0
KC603

Jiangella FNUCO00000000 4 7681885 7160 54 72.8
alba DSM

45237

Jiangella  LT629791 1 7716600 7399 53 72.1
alkaliphila

DSM

45079T

Jiangella  POTWO0100000 256 7005973 6785 51 72.5
anatolica 0

GTF31

Jiangella QVAI00000000 89 7850704 5344 51 72.3
endophytic

a KE2-3

Jiangella ~ AZXTO01000000 9 5584980 6945 50 70.9
gansuensis

DSM

44835

Jiangella SMKZ00000000 134 7034063 6786 51 71.0
asiatica

5K138

Jiangella SMLB00000000 102 6620775 6289 50 718
aurantiaca

8K307

Although Jiangella can be isolated from different habitats, arid and desert habitats
draw attention for their potential and metabolic abilities to host new Actinobacteria.
Therefore, Jiangella ureilytica KC603 isolated from soil from the Karakum Desert was

used in the present study (Saygin vd., 2020).



1.1.2.1. Jiangella ureilytica KC603

Jiangella ureilytica KC603 strain is aerobic and grouped into gram-positive
actinomycetes that form a substrate mycelium fragment to short or extended rods.
According to the studies in the literature, it is known that strains ISP3, ISP4 and Czapek
show good growth in agar environment, while 1SP2, ISP5 showed growth in tryptic soy
and nutrient agar medium growth, and do not produce dispersible pigment on any tested
medium. Optimum temperature required to grow is 28-37 °C, while the optimum pH range
IS 6.0-9.0. It has a 3% tolerance against NaCl (Saygin vd., 2020).

1.2. Hydrolases (EC 3)

Enzymes are bio-catalysts, produced by all domain of lives. They accelerate
chemical reactions in living organisms and proudce essential products at the end. Enzymes
have been used outside of the living cells in adequate enviroment which have replaced
many conventially used chemical reagents. For this reason, production, purification and
revealing effects of enzyme in biochemical reactions and investigating their Kinetic

properties are of great importance over the past few decades (Hamza, 2017).

Based on the literature, hydrolases are used more often in polymer studies than
other enzymes. Hydrolases that act on ester, glycosyl, ether, peptide, acid, anhydride C-C,
C-Halogen and P-N bonds catalyze the hydrolysis reactions of these compounds.
Hydrolases are known as macromolecular organic catalysts that can hydrolyze substrates in
the presence of water (Pandey vd.,2017). Hydrolases are widely used to perform
polymerization and polymer modification reactions in addition to their natural function of
hydrolyzing substrates. Many hydrolases are not specific and can be divided into many
subgroups. Lipases, phosphatases, glucosidases, peptidases, nucleosidases and esterases

are some commonly used hydrolase enzymes (Giibitz and Paulo, 2003).



1.2.1. Glycoside Hydrolases (EC.3.2)

Many enzymes such as polysaccharide ligases, carbohydrate esterases and
glycoside hydrolases are involved in the complete decomposition of polysaccharides.
Glycoside hydrolases are group of enzymes hydrolyze the glycoside bond between two or
more carbohydrates or a carbohydrate and a non-carbohydrate moiety. This group of
enzymes breaks down the glycoside bonds in polysaccharides and oligosaccharides and
produces shorter metabolizable products. According to International Biochemistry and
Molecular Biology (IUBMB), the designation of glycoside hydrolases is done by looking
at the substrate specificity and sometimes its molecular mechanism rather than the
structural features of the enzyme. However, some glycoside hydrolases, such as GH16,
exhibit mixed substrate specificity. Identification of sequenced genomes and specific
glycoside hydrolase sites in metagenomes provide estimation of the structural analysis

potential of molecules such as starch, cellulose, chitin and dextran (Pandey vd., 2017).

1.2.2. B-Glucosidase (EC3.2.1.21)

Carbohydrates within organic molecules are the most common molecules in the
biosphere. The variety of these molecules is provided by the synthesis and demolition
processes of many enzymes. Among these enzymes, [B-glucosidases (p-D-glucoside
glycohydrolase), a large group in the 1st and 3rd family of the glycoside hydrolase family,
hydrolyzes oligosaccharides or the glycosidic bond between two groups which is one
carbohydrate and the other non-carbohydrate (aryl or alkyl). These enzymes are found in
all living things, from bacteria to humans, and they have great importance in basic
biological and biotechnological processes. Most of the microbial beta-glucosidases belong
to family 1 and 3 of glycosyl hydolyses family. These enzymes, B-O-glucosidases (EC
3.2.1.21) that hydrolyze oxygen-bound B-glycosides, and 3-S- glucosidases (3.2.3.1) which
are largely in the Brassicaceae family in plants that hydrolyze sulfur-bound B-glycosides

(glucosinolates, B-thioglucosides), can be grouped in two (Gemici, 2006).

There have been many studies intended to understand the structure and functions of

B-glucosidases. Although plant B-glucosidases have high sequence homology between



them, researchers suggest that there are many differences in their substrate specificities.
Therefore, plant B-glucosidases are used as a model system especially for the solution of

problems related to substrate specificity (Esen,1993).

1.2.2.1. General Features of p-Glucosidases

Besides the aryl and alkyl p-D-glucosides, B- glucosidases are known as - D -
glucoside glycohydrolases. They catalyze glycoside bond that have a carbohydrate moiety
such as cellobiose and oligosaccharides. These enzymes are known as cellulolytic -
glucosidases found in bacteria and yeasts, lysosomal glucocerebrosidases found in animals
and B-glucosidases found in plants. The cellulolytic B-glucosidases found in bacteria and
yeast are involved in the reduction of cellulose to glucose, while the B-glucosidases in the
plant are involved in defense in plant membranes, lignification, phytohormone activation
and cell wall component catabolism. According to Ergé¢en; bacteria, fungi, human and
such as Sinapis alba (white mustard), some binary plant that had the B-glucosidases were
glycosylated, but some monochromatic plant such as Zea mays (maize) and Sorghum
bicolor (millet) were not glycosylated (Ergogen, 2013).

In the basic structure of each of the B-glucosidase family 1 monomers, high
conservation peptide motifs are situated. These motifs are known as SAYQI, YRFSI,
TFNEP, LGLNYY, YITENG and DNFEW. Of these motifs, the TFNEP and YITENG
region are part of the active site of the enzymes and contain two catalytic glutamates
(Ekmekci, 2016).

In general, it is accepted that the structural and functional properties of B-
glucosidase enzyme are common. The active forms of these enzymes, which are composed
of subunits with molecular weights of 50-70 kD, vary from monomeric structure to
homomultimeric structure. When the three-dimensional structures of B-glucosidases
obtained in different origins were examined, although there was 17-44% sequence
similarity between them, it was observed that the structures formed bearingly with the
(o/B)8 turn were the same (Figure 1) (Ekmekci, 2016).


https://tureng.com/tr/turkce-ingilizce/cellulolytic

Figure 1. Three-dimensional structure of p-glucosidase obtained from
Streptomyces sp. A) Schematic representation of the protein
backbone shape, colored by secondary structure types: B) Surface
representation accessible by the solvent, colored by residue types
(Guasch vd., 2002).

Substrates of B-glucosidases contain glycon and aglycone (aryl or alkyl) groups and
aglycone parts of the substrates are bonded by B-glycoside bond or oligosaccharide that has
B-bond. Beta glucosidases need substrates with glycon and aglycone (aryl or alkyl) groups
in order to complete their catalytic functions. The maximum pH range that the enzyme -
glucosidase can make catalyis is generally 4-7. B-glucosidases from different organisms
have been shown to have high substrate specificity with B-glycosides aglycon groups
(Sonmez, 2013).

1.2.2.2. Catalysis Mechanisms of B-Glucosidases

It is known that B-glucosidases perform hydrolysis of B-glucoside bonds in
oligosaccharides or glucosides. These enzymes biochemically perform hydrolysis of the
glycosidic bonds of aryl or alkyl B-glucosides and release a B-glucose and an aglycon
(Figure 2) (Kara, 2010).
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- Glucoside S Aglycone B-Glucose
> ar

‘ B -Glucosidase J

Figure 2. General catalysis reaction scheme of pB-glucosidases. Hydrolysis of the
glycosidic bonds of aryl or alkyl B-glucosides by B-glucosidases release a -
glucose and an aglycon.

B-glucosidases are ubiquitous to all domain of lives and are involved in many
biochemical reactions in living cells. B-glucosidases along with other hydrolyases of
cellulolytic enzymatic system deconstruct cellulose. It has been found that B-glucosidases
of bacteria, fungi, humans and dicotyledon plants such as Sinapis alba (white mustard) are
glycosylated, whereas those of monocot plants such as Zea mays (maize) and Sorghum
bicolor (millet) are not glycosylated (Gemici, 2006). These enzymes are mainly exo-
gluconases/exo-celluloses and endo-gluconases. Exo-gluconases acts on terminal ends of
the cellulose chains, producing short chains which are in turn acted upon by
endogluconases to produce cellobioses. B-glucosidases in turn acts on cellobioses to

produce glucose (Figure 3) (Artzi vd., 2016).


https://tureng.com/tr/turkce-ingilizce/cellulolytic
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Figure 3. Deconstruction of cellulose by cellulolytic enzymatic system. B-glucosidase
degrade the cellulose that is intermediate product to glucose (Uzun, 2015).

The second task of B-glucosidases is involved in the hydrolysis of the B-glucosidic
bond in endogenous cyanogenic glycosides. In this reaction, B-glucosidases catalyze the
formation of aglycan and cyanohydrins by hydrolyzing the B-glucosidic bonds found in
endogenous cyanogenic glycosides. Cyanohydrins in the aglycan part of cyanogenic
glycosides are known as the source of HCN in nature and also take part in nitrogen
transport metabolism. HCN, which is used as a nitrogen source in the biosynthesis of L-
asparagine, protects the plant in tissue injuries caused by herbivore and fungal attacks. The
demolition of cyanogenic glucosides, which are largely in plants, is known as
cyanogenesis, and in this event, glucosides occur in a two-stage decomposition reaction

(Kara, 2010). The reaction steps are shown in Figure 4.



https://tureng.com/tr/turkce-ingilizce/cellulolytic
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p-Hydroxy (S) Mandelonitril- f-D- v p-Hydroxy (S) Mandelonitril
. Glucose

p-Glucosidase

HCN

p-Hydroxy (S) Mandelonitril J < N ( p-hydroxybenzaldehyde

ch

‘ Hydroxynitrile lyase

Figure 4. General flow scheme of hydrolysis of cyanogenic B-glucosidases. In the first
step, it has been shown that cyanogenic glycosides are hydrolyzed to glucose
and hydroxynitrile by B-glucosidase. Second step, the hydroxynitrile is
separated into ketone and HCN by a hydroxynitrile lyase.

In the first step, cyanogenic glucosides are hydrolyzed into glucose and
hydroxynitrine by B-glucosidase. In the second step, hydroxynitrile is divided into ketone
and HCN compounds by a hydroxynitrile lyase. The catalysis mechanism performing the
hydrolysis of the glycosidic bonds in the B-glucosides, used as substrate by the -
glucosidases, is called “retention”. In this mechanism, firstly the B-glucosidic bonds are
hydrolyzed, the enzyme is glycosylated and the aglycon is released; Secondly, glucose is

separated from the enzyme and glucon is released (Ekmekci, 2016).

Another important task of B-glucosidases is that it plays a role in the regulation of
biological activities of plant hormones. B-glucosidases regulate the biological activity of
hormones such as cytokinin, gibberellin and auxine, by releasing active hormone forms

from hormonal glucoside compounds found inactivated in plants (Morant vd., 2008).
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1.2.2.3. Use of p-Glucosidases in Industrial Processes

B-glucosidases, which are of great importance for biological systems, are used in
many fields such as biomass, food detoxification, beverage flavoring, pharmaceutical and
detergent industry if in vitro ambient conditions are provided. It is known that (-
glucosidases are responsible for the hydrolysis of cellobiose, the formation of
intermediates necessary for cell wall lignification in plants and plant defense against biotic
stress (Singh vd., 2016). B-glucosidases in mammals are thought to play a role in the
metabolism and signal functions of glycolipids and dietary glycosides. -glucosidases are
of great importance both in terms of their functions and industry. These enzymes are used
in various biotechnological applications in the food, cosmetics, pharmaceutical and
detergent industries, such as the synthesis of different glycosides, surfactants, biofuels and
the agricultural industry (Singh vd., 2016). Besides, many B-glucosidase enzymes have
important biological activities such as showing antioxidant properties, lowering blood
glucose level, protecting against harmful freezing and thawing damage, and inhibiting
tyrosinase. The use of B-glucosidases in some industrial areas is given in detail in the Table
3 (Singhania vd., 2013).

Table 3. The use of B-glucosidases obtained from microorganisms in some industrial
process (Singhania vd., 2013).

Microorganism used Method used Application areas
Debaryomyces Shake-Flask  (Shaking) )
) Increase of Wine Flavor
Pseudopolymorphus Fermentation
) o Shake-Flask  (Shaking) )
Trichoderma atroviride Biomass Hydrolysis

Fermentation
Smf, (Fermentor with
Penicillium pinophilum  Working Volume Less Cellobiose Hydrolysis
Than 200ml)
o o Solid-State (solid state) o ]
Penicillium citrinum ) Cellulosic Biomass Conversion
Fermentation

Periconia Sp. Smf Biomass Transformation




Table 3. continues
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Penicillium decumbens ~ Smf Biomass Transformation(from corncob)
Penicillium echinulatum  Smf Biomass Hydrolysis

Stachybotrys sp Fed-Batch Smf Cellobiose Hydrolysis

Humicola insolens Shake Flask Cellulosic Biomass Hydrolysis
Fomitopsis palustris Shake Flask Cellobiose Hydrolysis

Fomitopsis sp

Aspergillus niger

Solid-State Fermentation
Smf, Shake Flask

Rice and Wheat Straw Hydrolysis

Biomass Hydrolysis

Debaryomyces . .
Smf, Shake Flask Biomass Hydrolysis

Pseudopolymorphus

B-glucosidases are used in many fields in industrial process. The most striking part
of these areas of use is biofuel production. Biofuel production is a technique developed to
solve existing environmental problems that are originate from fossil fuels. B-glucosidases
in biofuel production from biomass produce monomeric sugars from cellulose based
oligosaccharides, providing hydrolysis of biomass. At the same time, the production and
availability of this enzyme plays an important role in increasing the total production cost in
biofuel production technology (Srivastava vd., 2018). Therefore, B-glucosidases are highly
needed enzymes in biogas production. B-glucosidases also play a major role in the
conversion of biomass into liquid biofuels. B-glucosidases are the important enzyme
component found among cellulases and complete the final stage by converting cellobiose
to glucose during cellulose hydrolysis. Considering this function of the B-glucosidase
enzyme, it plays a key role in the production of bioethanol from biomass by enzymatic
route. In a sample study, a B-glucosidase gene obtained from Saccharomycopsis fibuligera
was transferred to the selected host cell and its expression was achieved. During the
studies, the amount of enzymes produced using different host cells and their effect on
bioethanol production were examined and the results presented new information applicable

to bioethanol production (Gurgu vd., 2011).
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1.2.2.4. Substrate Specificity of p-glucosidases

Representing the most important group of glycoside hydrolases, B-glucosidases
play an important role in various basic biological and biotechnological processes. -
glucosidases, which are abundant in nature, show specificity in terms of substrate
recognition and binding ability. Products such as steroid B-glucosides and B-glucoside
ceramides produced by mammals, cyanogenic B-glucosides and glucosinolates of plant
secondary metabolism and oligosaccharides released from the demolition of cellulose in
the plant cell wall are known as natural substrates of B-glucosidases. B-glucosidases are
highly specific to these naturally occurring substrates. (Some natural products are included
in Table 4.) Substrate specificity in B-glycosidases generally means aglycon specificity, as
the glucose group in B-glycosidic substrates is unchanged. Since the glycon part (glucose)
of the substrate does not change, it cannot be considered as the basis of substrate
specificity (Kim and Ma, 2018).

Table 4. Natural substrates obtained in different organisms (Gemici, 2006).

Substrate Mono-/ Di glucoside Source Organism
Amygdalin di- Prunus serotina
Prunasin mono- Manihat esculenta Crantz
Linustatin di- Linum usitatissimum
Neolinustatin di- Linum usitatissimum
Dihurin mono- Sorghum bicolor Moench
Linamarin mono- Linum usitatissimum
Gentiobiose3 mono- Prunus serotina
Coniferin di- Hevea brasiliensis

Prunus serotina

Cellobiose reesei di- Trichoderma reesei
Cello-oligosaccharides di- Trichoderma reesei
DIMBOAGIc mono- Zea mays Hordeum vulgare

DIBOAGIc mono- Secale cereale
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Hydrolysis of the B-glycosidic bond of B-glucosidases in the glucose hydrolase 1
family is of great importance for substrates. This catalysis mechanism takes place in two
steps (glycosylation and deglycosylation) with the hydrolysis of the B-glycosidic bond, the
maintenance of the anomeric configuration (Withers, 1996). The reaction is usually carried
out by protein donor region and nucleophilic active region that are conserved. Nucleophile
active region which have conserved amino acids, take part in the substrate hydrolysis,
whereas protein donor region take part in the formation of hydrogen bond and catalysis
(Graebin vd., 2016). In the first stage, the nucleophile active region plays the role of a
nucleophile, attacking the anomeric centre to displace the aglycone and form a glycosyl
enzyme intermediate. At the same time protein donor region functions as an acid catalyst
and protonates the glycosidic oxygen. In the second step (known as the deglycosylation
step), the glycosyl enzyme is hydrolyzed with water, and the active regions of the enzyme

return to their normal form (Xu vd., 2004).

Although natural substrates are pure and easily obtainable, they are not used during
enzyme purification and characterization. Synthetic substrates are commonly used to
determine the activity of enzymes in in vitro conditions and to identify and characterize
natural substrates (Czjzek vd., 2000). It is frequently used in biochemical analysis since the
speed of enzymatic reactions with artificial substrates and the relevance of the enzyme to
the substrate can be easily tested. On the other hand, B-glucosidases have limited ability to
hydrolyze their artificial substrates qualitatively and quantitatively. These artificial
substrates are chromogenic in nature, such as benzyl and nitrophenylglycosides, or
fluorogenic in nature, such as methylumbelliferyl-glycoses (Kim and Ma, 2018). These
synthetic substrates have the chromogenic structure, such as benzyl and
nitrophenylglycosides, or fluogenic structure, such as methylumbelliferyl-glycoses. In

Figure 5, natural and artificial substrates are given as examples (URL-1).



17

OH \kﬂ\‘
HAWAR o o
OH
“"OH
OH
DIMBOA--glucoside Sinigrin Linamarin
(A)
HO
HO
0
HO, . NO, 0
wo N o
OH HO Br
OH

4-Nitrophenyl a-D-glucopyranoside 6-Bromo-2-naphthyl 3-D-glucopyranoside

(PNPG) (B)

Figure 5. Chemical structure of substrates specific to B-glucosidases. A) Chemical
structure of some natural substrates. B) Chemical structure of chromogenic
synthetic substrates.

Substrate specificity is of great importance in the investigation of the
biotechnological and clinical effect of enzymes. Substrate specificity in B-glucosidases is
qualified as the aglycone specificity, since the substrates are unchanged in the glucon
portion. There is insufficient information about the catalysis mechanisms of B-glucosidase,
therefore, researchers have done various studies on [B-glucosidase enzyme and its
substrates. In parallel with these studies, B-glucosidases with different substrate specificity
were taken into account. Mutant enzyme was obtained by directed mutagenesis studies
between enzymes showing different substrate specificity (Czjzek vd., 2000). These mutant
enzymes were searched for answering the questions about substrate specificity and the
glycon-aglycone regions that provide this specificity, with using X-ray crystallography. In

a study related to this; in order to answer questions about the mechanism and location of
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substrate specificity, an inactive form of maize B-glucosidase isozyme Glul was produced
by site-directed mutagenesis, and enzyme substrate, enzyme aglycon and enzyme crystals
were obtained with X-ray crystallography. As a result of this study, B-glucosidase
presented new information about the understanding the functional analysis of the enzyme.

1.3. Antioxidant Activity

The oxidation process, which is an essential part of aerobic life and its metabolism,
occurs by transferring electrons between two atoms. Although this electron flow reaches
sufficient quantity, free radicals and reactive oxygen species are formed in the environment
(ROS). The molecule or molecular fragment that has one or more unpaired electrons in the
medium is considered free radicals. In this case, the presence of unpaired electrons
provides significant reactivity on free radicals. Reactive oxygen types formed in this case
show much higher chemical reactivity than normal and damage many biological materials
such as protein, lipid, DNA and nucleotide coenzymes. These damages are created by
excessive reactive molecules (reactive oxygen species (ROS) and reactive nitrogen species
(RNS)), at the cellular level and biomolecular functions, trigger aging in the body and also
many diseases such as cardiovascular diseases, various types of cancer, ingestion,

slimming in the intestinal system and digestive system diseases (Topal vd.,2015).

Many studies have been done to balance the overproduction of ROS and RNS.
Antioxidants are the major part of these studies. The process of a bioactive compound that
is able to sustain cell structure and function by effectively cleaning free radicals, inhibition
of lipid peroxidation reactions and preventing other oxidative damage is called
antioxidation activity (Zeu, 2016).

Antioxidants have the ability to capture and stabilize free radical groups in the
environment. According to their mechanism of action antioxidants are divided into two
groups. Primary antioxidants react with existing radicals and prevents these molecules
from turning into a more harmful form and the formation of new reactive molecules (Wang
vd., 2015). Primary antioxidants are superoxide dismutase (SOD), glutathione peroxidase
(GSHPx) and catalase enzymes. Secondary antioxidants break radical chain reactions that
capture oxygen radicals. Examples of these antioxidants are vitamin C, vitamin E and

polyphenols.
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When the mechanism of action of antioxidants is examined, it is seen as the basis of

many biological functions such as anticancer, anti inflammation and anti aging. Therefore,

many studies have been done on antioxidants in vitro and in vivo conditions. Antioxidants

naturally occurring in nature are at the top of these studies. Many fruits and vegetables are

products rich in natural antioxidant molecules. In particular, citrus fruits A, C and E are the

source of many phytochemicals such as vitamins, mineral elements, flavonoids, coumarins,

limonoids, carotenoids and pectins. The phytochemicals found in fresh fruits have many

biological functions, including antioxidants, anti-inflammation and anticarcinogenic

(Liang, vd.,2018). The chemical formulas and mechanism of some structures in fruits are
given briefly in the Table 5 (Zou vd., 2016).

Table 5. Some antioxidant structures and the effect of mechanisms (Zou vd., 2016).

Compound Name

Antioxidant activity

vitamins

A

Reacts with free radicals, especially O,
Reacts with peroxyl radicals

Scavenge variety species of ROS
Clear O,

Reduce sulfur radicals

Synergistic  effect with selenium to protect
mitochondria against free radical damage and their
membranes against peroxidation damage

Prevent the oxidation of carotenoid, enhancing their

antioxidant capacity

minerals

Selenium (Se)

Zinc (Zn)

Copper (Cu)

Iron (Fe)

Manganese (Mg)

Se: Destroy free radicals in the cytoplasm as an
essential component of antioxidant enzyme
glutathione peroxidase (GSH-Px)

Se: Synergistic effect with vitamin E to protect
mitochondria against free radical damage and their

membranes against peroxidation damage




20

Table 5. continues

Phenolic Flavonoids | Naringin Inhibit the body’s oxidant enzymes
compounds Naringenin Improve the body’s antioxidant enzyme activity

Hesperidin Scavenge ROS directly

Quercetin Anti-lipid oxidation in vitro
Rutin Decrease quality of peroxide formation in vivo
Myricetin

Phenolic acid Have different levels of free radical scavenging effect

The dehydrogenation capacity of hydroxyl group
The effect of ortho substitution on benzene ring

Coumarins Coumarins have been shown to possess strongly
antioxidant activities because of their phenolic
hydroxy! groups in molecule structure

1.3.1. Polyphenolic and Phenolic Compounds

Plants that survive in nature synthesize some compounds within their bodies. These
compounds can be examined in two different groups. Of them connected with
photosynthesis, respiration, growth and development, and the group that includes
phytosterols, acyl lipids, nucleotides, amino acids and organic acids, are called primary
metabolites. Phytochemical compounds that are outside this group and many of them
accumulate in high concentration in the plant are called secondary metabolites. Secondary
metabolites are structurally diverse and can be diagnosed by chemotaxonomic studies,
many of which are distributed among plants in a limited number of species. Although
antibiotics are seen as potential sources of natural medicines and herbicides today, they are
also widely used in paints, fibers, glues, oils, flavors, medicines and perfumes (Tapas vd.,
2008).

Phenolic compounds contained in secondary metabolites are of great importance in
the sensory and nutritional quality of fruits, vegetables and other plants. Phenolic
compounds have an aromatic ring that carries one or more hydroxyl groups, and its
structure can vary from the complex state of a phenolic molecule to polymer molecules

with high molecular weight (Wang vd., 2015).
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Three different phenolic compounds were selected for use in this study. These are;
Cucurbitacin E-2-O-glucoside, Myricetin-3-0-glucoside and Polydatin (Resveratrol-3-O--
glucoside). Chemical formulas are shown in Fig. 6. B-glucosidases hydrolyze a glucose
from these substrates to release the functional group, thus, increase the antioxidant effects
of these substrates (Fig 6).

HO,

[e]

o]
OH

o
\”/ HO
o

O
HO OH

Cucurbitacin Myricetin Polydatin
E-2-O-glucoside 3-O-glucoside
(A)

OH

OH

Cucurbitacin Myricetin Resveratrol

(B)

Figure 6. Phenolic compounds used in this study. A) Cucurbitacin E-2-O-glucoside,
Myricetin-3-O-glucoside and Polydatin phenolic compounds can be
deglycolysated by B-glucosidase. Cucurbitacin E-2-O-glucoside, Myricetin-3-
O-glucoside and Polydatin are glycosylated phenolic compounds, while
Cucurbitacin, Myricetin and Resveratrol do not have a glucose moiety (URL-
2). B) Cucurbitacin E, Myricetin and Resveratrol phenolic compounds have
high antioxidant activity (URL-3).
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1.3.2. The effect of p-glucosidases on Antioxidants

There are many studies on the effect of B-glucosidases on antioxidants. These
studies are directed towards increasing the effect of flavanoid compounds in the
environment or increasing the flavonol accumulation rather than the antioxidant effect.
Many studies have been done on this. Plants were generally used in these studies. In
examining the effect of the B-glucosidase enzyme on antioxidants, soybean appears a lot
(Lee vd., 2018).

The process of glycosylation and deglycosylation in plants are important
mechanisms involved in regulating the biological activity of a number of secondary
metabolites. Despite increasing glycosylation solubility and creating a favorable
environment for transporting and separating metabolites, deglycosylation activates them to
perform biological functions. Site-directed mutagenesis either of the two conserved
catalytic glutamic acid residues (Glu200 and Glu414) of the active site completely
eliminates -glucosidase activity (Baba vs., 2017). Excessive amounts of B-glucosidases in
the environment allow the accumulation of antioxidant flavonols and abiotic stress. Many
studies have been done on this subject. Studies and antioxidant analyzes have shown that
the accumulation decreases of reactive oxygen species during abiotic stress conditions in
the accumulation of flavanol. B-glucosidases are known to cause dehydration in abiotic
stresses, especially through abscisic acid, but their role in the accumulation of flavanols is
not fully known. A study associated with this subject explains the role of a B-glucosidase
(CsBGlul2) obtained from Crocus sativus effect on ROS in abiotic stress. B-glucoside
provides the accumulation of cleansing flavonols for reactive oxygen species by
deglycosization of flovanols (Baba vd., 2017).

1.4. Glucose Tolerance of g-glucosidase

B-glucosidases are known to hydrolyze the glycosidic bonds of alkyl-, amino- or
aryl-B-D-glucosides, cyanogenic glucosides, disaccharides and short oligosaccharides.
Moreover, these enzymes carry out the hydrolysis of glycosyl bonds between different

molecules by transglycosylation. The ubiquitous phylogenetic distribution, substrate
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diversity and their ability to both hydrolysis and synthesis glycosidic bonds increase the
importance of these enzymes. Although beta glucosidases are used in much industrial
process, their tolerance to glucose limits the use of this enzyme. Because many -
glucosidases are inhibited by the reaction product glucose. The reduction of the catalytic
activity of beta glucosidases by glucose causes to the use of these enzymes in the industrial
field to impose restriction. Therefore, beta glucosidases that are high glucose tolerance are
ordinarily used in the industrial field. There are many studies on glucose tolerance of beta
glucosidases. In a study related to this, enzymes that are tolerant to glucose and enzyme

that are not tolerant to glucose were compared structurally (Giuseppe vd., 2014) (Fig 7).

GH1

B-glucosidase
H. insolens

B-glucosidase
A. aculeatus

Acid/base

Acid/base

Nucleophile

Nucleophile [ B

Figure 7. A schematic view of two enzyme active sites and the mechanism
proposed for glucose tolerance in B-glucosidases; A) Structure of
the active site of the B -glucosidases that is tolerant to glucose; B)
The structure of the active site of the B -glucosidases that is
intolerant to glucose (Giuseppe vd., 2014).
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1.5. Purpose of the Study

The factors such as environmental pollution, alcohol and tobacco using, forest fires,
X-Ray rays and UV radiation cause to increase the free radicals in the human body. This
increase in free radical sources causes damage to carbohydrates, fats, proteins and DNA in
humans. This situation is accepted as the cause of many diseases, especially cancer (Zou
vd., 2016). Therefore, consumption of exogenous antioxidants is required. As the need for
antioxidants increases, new approaches are being developed by scientists. One of them is
increasing the activity of antioxidants with biocatalysts such as B-glucosidase. The use of
B-glucosidase as biocatalysis is an alternative and environmentally friendly way to
strengthen the antioxidant potential of phytochemicals with great potential for cancer

prevention and use in neurodegenerative diseases.

Enzymes of Actinomycetes are preferred in the industrial field due to their small
size, low K, and high activity and stable structure. In this study, we aim to characterize f3-
glucosidase of Jiangella ureilytica KC603 (kindly provided from Ondokuzmayis
University) from actinomycetes group. In this direction, the gene fragment was amplified
by specific primers, cloned into the expression vector, and then protein was expressed,

purified and characterized.

We aim to obtain more antioxidant phytochemical substrates (Cucurbitacin E,
Myricetin and Resveratrol) by liberating functional groups with deglycosylation of
phytochemical such as Cucurbitacin E-2-O-glucoside, Myricetin-3-0-glucoside and

Polydatin.
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2. MATERIAL AND METHOD

2.1. Material

2.1.1. Chemicals, Enzymes and Kits

Yeast extract (Merck), NaCl (Merck), Tripton (Merck), Tag DNA Polymerase
(Promega), dNTP (Promega), pGEM®-T Easy Vector System | (Promega), EDTA (Merck),
X-Gal (Applichem), IPTG (Applichem), CaCl, (Aktar Kimya), CuSO, (Merck),
Kanamycin (Applichem), Ethyl Alchol, Ampicillin (Applichem), EcoRI (Promega), Ncol
(Promega), T4 DNA Ligase (NEB), Xhol (Promga), Gel Extracting Kit (Thermoschintific),
Na,HPO, (Merck), Methylene Blue (Merck), p-mercaptoethanol (Merck),
Methanol(lsolab), Acetic acid (Isolab), Glyserol (Merck), Amonium Sulfate (Merck),
TEMED (Janssen Chimica), Protein Ladder (Biolab), KCI (Merck), MgCl, (Sigma), LiCl
(Sigma), CuCl; (Sigma), Commassie Brillant Blue G-250, Commassie Brillant Blue R-250
(Merck), Phosphoric Acid (Merck), BSA (NEB), Sodium Acetate (Merck), Trisma Base
(Sigma), Acrylamide (Sigma), Bis-Acrylamide (Promega), Bromophenol Blue (Gerbu),
NaOH (Merck), KOH (Sigma-Aldrich), Citric Acid (Merck), Cucurbitacin (89613)
(Sigma-Aldrich), Myricitin (M6760) (Sigma-Aldrich), Resveratrol(A1020B) (Sigma-
Aldrich), pNPG (4-Nitrophenyl-p-D- glucopyranoside) (Sigma-Aldrich).
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2.1.2. Vectors and Bacteria

Information be related to bacteria and vectors used in the study is given in Table 6.

Table 6. Vectors and bacteria strains to used in the study.

Bacteria/ vectors Referance Speciality

Jiangella ureilytica 19 Mayis University,

KC603 Samsun, TURKEY

(NZ_SMKL000000001)

E.coli K12 JM101 NEB-Laboratory stock F’, traD36, proA'B*, Laclq, A(lacZ),
M15/A(lacproAB),gInV, thi*

E. coli BL21(D3) Novagen F’, ompT, hsdSg, (rsmg), gal, decm(D3),
pLysS, Cam®

pET28a(+) Novagen High expression level, T7 promoter,

His*Tag”, lacl gene, Kan® and MCS
(multiple cloning region) in C terminal
region

PGEM®-T Easy | Promega High copy number, T7 and SP6
RNApolimerase  promoters, an MCS
(multiple cloning site) located within the a-
peptide cloning region of the -galactosidase
enzyme, 3-T end and Amp®

2.1.3. Bioinformatic Analysis

In this study, the presence of B-glucosidase gene in genome of Jiangella ureilytica
KC603 was searched in databases by using bioinformatics methods such as NCBI, Esembl,
PDB. Jiangella ureilytica KC603 was kindly provided by Ass. Prof. Dr. Hilal Ay at
Ondokuzmayis University, Molecular Biology and Genetics Department. Presence of -
glucosidase is demonstrated by esculin test and after approvel of B-glucosidase activity,
cloning, expression and characterization processes were performed. Following the
databank scanning, the three-dimensional structure and active regions of the B-glucosidase
belonging to Jiangella ureilytica KC603 (JurBIgKC603) were examined in the PyMOL

program.
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2.2. Method

2.2.1. Esculin Assay

Jiangella ureilytica KC603 is grown in ISP2 medium at 30 °C. The B-glucosidase
activity was determined by plate assay using Luria-Bertani (LB) agar supplemented with
%1 Esculin and 0.5 g/L ferric ammonuim chloride. B-glucosidase act on esculin to produce
esculetin and glucose with in turn is reduced in the presence of iron and produce black

color as zone of hydrolysis indicating B-glucosidase activity (Sagib and Whitney, 2005).

2.2.2. Cloning and Expression of B-glucosidase

2.2.2.1. Primer Design and Amplification of B-Glucosidase Gene

In order to amplify B-glucosidase gene, forward and reverse primers are designed
according to genome of Jiangella ureilytica KC603 by Snapgene software. The designed

primers are given in Table 7.

Table 7. The designed primers for JurBglKC603. The restriction enzyme digestion sites

are underlined.

Primer name Primer sequence

JurBglu_KC603_F 5’- CCCATggCC TTC CgC TTC CCg -3’
Ncol

JurBglu_KC603_R_Histag | 5’- CTC GAG CGC GTCCTC ACTCTCC-3
Xhol

For the genomic DNA isolation from Jiangella ureilytica KC603, Promega DNA
isolation kit was used. For lysis step, Jiangella ureilytica KC603 was inoculated into ISP2
liquid medium and incubated at 30 °C for 2-4 day. Then, the grown bacteria was pelletted

by centrifugation and pellet was saved. The pellet was dissolved in TE buffer (10 mM) and
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kept at -80 °C for 20 minutes. Then, heat shock was applied at 100 °C for 5 minutes. Then,
the product was taken to 37 °C and kept for 15 minutes. Afterwards, 120 ul lysozyme (50
mM) and 50 pl proteinase K (20 mM) were added and kept for one day at 37 °C. The lysis
step was completed and the genomic DNA was isolated by Promega DNA isolation kit.
The isolation procedure determined by the company was taken into account while
performing the isolation. The product that was run at 1% agarose gel electrophoresis was

monitored with Biorad Gel Imaging System.

The genomic DNA obtained from Jiangella ureilytica KC603 was used as template
in PCR application. The PCR conditions are as following table 8.

Table 8. Cycle of PCR

Step Temperature Time (second)  Cycle
Heating 95 °C 120 1
Denaturation 95 °C 50

Annealing 49 °C 50 35
Extension 72 °C 90

Final Extension 72 °C 300 1

The DNA fragment formed as a result of PCR run on agarose gel was viewed by
Biorad Gel Imaging System. The resulting DNA was extracted from the gel using the gel

extraction Kkit.

2.2.2.2. Cloning of the p-glucosidase Gene into pGEM®-T Easy Vector System
I

pGEM®-T Easy Vector System | was used to clone the gene fragment amplified by
PCR. Firstly, the ligation was performed under the conditions prescribed by the company
(1 pl pGEM®-T Easy vector, 1 ul T4 DNA ligase, 5 ul PCR product, 1 ul 10X DNA ligase
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and 2 ul dH,0), and incubated overnight at 16 °C. The ligation product was transformed
into E. coli JM101 competently prepared by CaCl, method. The transformation process
was carried out as follows; 10 ul of ligation product was added to the tube containing 200
ul of competent cells and kept on ice for 30 minutes. After incubation, the samples were
shocked in 42 °C heater block for 2 minutes to allow the plasmid to enter the cell. After
incubation for two hours at 37 °C, samples were spread on LB plates containing 50 pg/ul
ampicillin by adding 40 pl of X-Gal and 40 ul of 100 mM and incubated overnight at 37
°C. White colonies were selected among blue-white colonies that are formed after
transformation. The plasmid DNA samples were isolated according to alkali lysis method.
The isolates which were digested with the EcoRI restriction enzyme were checked and the
recombinant clones were determined. The plasmid clones that were isolated by plasmid
isolation kit (Promega) was sequenced by Macrogen (Netherlands), and identified by the
Advanced Blast Program of GenBank (NCBI, NIH, Washington DC).

2.2.2.3. Cloning of the p-glucosidase Gene into pET28a (+) Expression Vector

The ends of B-glucosidase gene amplified by PCR contains Ncol and Xhol
restriction endonuclease regions. Therefore, the recombinant pGEM-T Easy vector and
PET28a (+) expression vector were digested with Xhol and Ncol restriction endonucleases
under the conditions recommended by the company. The gene fragment and linearized
pET28a(+) vector were extracted by gel extraction kit separately and mixed and ligated.
The product of ligation transformed to E. coli JIM101 competent cell by CaCl, method. The
recombinant plasmids were isolated by alkali lysis method, digested with Ncol and EcoRI
restriction endonucleases and run on agarose gel. The recombinant plasmid was
determined and transformed into E. coli BL21 (DE3) pLys.

2.2.2.4. Expression of p-glucosidase

Different conditions were tested since the expression conditions were not fully

known. Firstly, in order to precisely adjust its duration, expression was performed under
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different time conditions in LB containing 1 mM of IPTG and 0.5 mM of kanamycin.
Secondly, different IPTG concentrations were tested. Finally, different temperature
conditions were tried (conditions are given in detail in Table 9). As a result of these trials,
the best expression conditions were determined. According to the determined expression
conditions; a 16-hour expression in the range of 20-30 °C was performed at 1% IPTG, 1%
kanamycin and. After expression, 5 min centrifuge was performed at 10,000 rpm and pellet
was saved. Pellet was treated with pH 7,0 sodium citrate buffer, sonicated with 80%
amplitude for 5 min, 0.6 cycle by Sartorius Labsonic M. And then, lysate was centrifuged

at 14,000 rpm for 15 minutes and the supernatant was saved.

Table 9. Expression parameters tested for most suitable expression conditions

Trial 1 Trial 2 Trial 3 Trial 4
Kanamycin 0.5 0.5 0.5 0.5
(mM)
IPTG (mM) 0.1 0.1 0.1 0.1
0.5 0.5 0.5 0.5
0.7 0.7 0.7 0.7
1 1 1 1
Temperature 18 °C 24 °C 28 °C 30°C
Time (hour) Overnight 4 4 4
6 6 6
9 9 9
Overnight Overnight Overnight
O.D. 0.1 0.1 0.1 0.1
0.5 0.5 0.5 0.5
0.7 0.7 0.7 0.7
1 1 1 1
2 2 2

2.2.2.5. Purification of p -glucosidase

The purification of the B-glucosidase carrying HisTag in its C terminal was
performed by the Ni-affinity chromatography. The buffer A and buffer B solutions were

adapted to achieve optimal conditions for a target protein from procedure recommended by
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the company (Buffer A: 20 mM, pH 7.5 Tris HCI, 200 mM NacCl, Buffer B: 20 mM, pH
7.5 Tris HCI, 200 mM NacCl, 500 mM imidazole). The column was equilibrated with 10 ml
of buffer A. Protein was diluted 1:2 with buffer A and passed through the column. The
column was washed with 10 ml of buffer A and eluted with 1 ml buffer B. The pure

fraction was stored at +4 °C for characterization.

2.2.2.6. SDS Polyacrylamide Gel Electrophoresis

Protein gel electrophoresis was performed under a current of 15 mA using 12% gel.
The purity and molecular weight of the B-glucosidase protein was determined after running
the fractions in SDS polyacrylamide gel electrophoresis. The sample buffer was prepared
by mixing 0.15 M Tris-HCI pH 6.8, 4% SDS, 20% Glycerol and 6% [-mercaptoethanol. 15
ul protein fraction and 5 pul loading dye were mixed and incubated for 5 minutes at 95 °C.
The denatured proteins were loaded into 12% SDS-PAGE. After running, the gel was
stained with Commansie Brillant Blue R-250 (0.125% Commassie Brillant Blue R-250,
50% methanol, 10% acetic acid) for one hour. Proteins were fixed into gel with the
solution 1 (50% methanol, 40% ddH,0, 10% acetic acid) for an hour and, finally, gel was
washed with solution 11 (7% methanol, 10% acetic acid, 83% ddH,0).

2.2.2.7. Enzyme Assay

The activity of p-glucosidase against pNPG substrates was determined by
monitoring absorbance of colorimetric product (yellow). 250 ml reaction solution
consisting of 50 mM sodium citrat buffer (pH 6.0), 0,8 ug enzyme and 1 mM substrate
were incubated at 35 °C for 30 min. Reaction was stopped by adding 250 ml NaHCO3 (50
mM), subsequently, measured at 405 nm (Garcia, vd., 2020).
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2.2.3. Characterization of the p-glucosidase

2.2.3.1. Optimum Temperature

The optimal temperature value of JurBgIKC603 was determined by a series of
reactions performed in the heater block set at 20, 25, 30, 35, 40, 45, 50 and 55 °C. In next

characterization steps, determined optimum temperature value was used.

2.2.3.2. Optimum pH

In order to determine the effect of pH on the activity of JurBglKC603, 100 mM
sodium citrate buffer (pH 3-6), 100 mM sodium phosphate buffer (pH 7-8), 100 mM Gly-
NaOH (pH 9-10), 100 mM CAPS buffer (pH 11) was used. The reactions were carried out
at the determined optimum temperature. The optimum pH activity value observed was

used as the reaction pH in studies such as determining the kinetic parameters to be
performed later.

2.2.3.3. Enzyme Kinetics

The kinetic data of JurBgIKC603 were determined by serial reactions performed
with substrate (p-NPG) concentrations between 0.1 and 7 mM, determined as a result of
preliminary studies. Reactions were carried out with 50 mM sodium citrate buffer (pH 6) at
35 °C. Michaelis-Menten constant (Ky) and maximum velocity (Vmax) Vvalues were
determined as the inverse of the values corresponding to the points where the x and y axes

intersect in the Lineweaver — Burk curve (Lineweaver and Burk, 1934).
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2.2.3.4. Thermal Stability

JurBglKC603 was incubated to examine the effect of heat on the stability of the
enzyme at 20, 25, 30, 35, 40, 45, 50, and 55 °C with sodium citrate (pH-6.0) buffer at
different time intervals. Remaining activity was determined by using p-NPG substrate at a

30-minute reaction and checked for stability.

2.2.3.5. pH Stability

In order to determine the pH stability of JurBgIKC603, enzyme was incubated in 50
mM sodium citrate buffer (pH 3-6), 50 mM sodium phosphate buffer (pH 7-8), 50 mM
Gly-NaOH (pH9-10), 50 mM CAPS buffer (pH 11) in the temperature at which the
enzyme is stable at 25 °C. The activity was measured along continuing incubation time,
until it decreases below 50%. Remaining activity was measured as a result of a 30-minute
reaction with the p-NPG substrate and checked for stability. After the activity

measurement, the pH at which the enzyme is stable was determined.

2.2.3.6. Metal lon Effect

Effects of metal ions on the activity of JurBglIKC603 were carried out with chloride
salts of following metal ions; Mg**, Li, Ca**, K, Zn?*, Cu?*, Mn?*, Hg®*, Na?*, Co?* and
Fe?*. After the addition of 1 mM, and 5 mM metal ions, the enzyme was incubated for 30
minutes in the temperature at which the enzyme is stable at 25 °C. The enzyme activities
were measured after 30 minutes reaction with p-NPG substrate. The activity of the enzyme
on optimal conditions was considered as 100 % and the relative activity of the enzyme

incubated with metal was calculated.
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2.2.3.7. Effects of Inhibitors and Organic Solvents

The effects of detergents and organic solvents on the activity of JurBglKC603 were
investigated. 1%, 5% of detergents (SDS, Triton X-100, Tween 20), 1 mM, 5 mM of
inhibitors (EDTA, DTT, PMSF, EGTA, DEPC) and 5%, 10% of organic solvents (DMSO,
Dioxane, Methanol, Butanol, Ethanol, Isopropanol) were treated with enzyme and
incubated for 30 min at room temperature. Then, remaining activity was measured at the
optimum pH and temperature with a reaction of 30 min with p-NPG substrate. The activity
of the enzyme on optimal conditions was considered as 100 %, and the remaining activity

of the enzyme incubated with chemicals was calculated.

2.2.3.8. Glucose Tolerance

The effect of glucose on the activity of JurBgIKC603 was examined. 200 mM, 400
mM, 600 mM, 800 mM, 1 M, 2 M, 3 M and 4 M glucose were treated with enzyme and
incubated for 30 minutes in the temperature at which the enzyme is stable at 25 °C. The
activity of enzymes with p-NPG substrate was measured and the effect of glucose was

determined.

2.2.4 Analysis of Polydatin by Thin Layer Chromatography (TLC)

TLC analysis was performed to determine the effect of B-glucosidase on substrates
(Cucurbitacin, Myricetin and Piceid). The reaction solution consisting of 50 mM sodium
citrate buffer (pH 6.0), 0.8 ug enzyme and 100 uM were inoculated at 35 °C for 1 hour.
TLC analysis was carried out on pre-coated silica gel plates. Polydatin, Myricetin and
Cucurbitacin were run with ethyl acetate/hexane/glacial acetic acid (8:1:0.5, v/v/v) on
silica gel plates, and visualized by spraying with 10% phosphomolybdic acid, 90% ethanol.
They was oxidized by phosphomolybdic acid and appeared in green as colour after heating

up for 3 min at 110 °C.



35

3. RESULTS

3.1. Esculin Assay

On esculin assay plate, black color formation was observed as a sign of -

glucosidase activity (Fig 8).

Figure 8. B-glucosidase activity of JurBglKC603 by esculin assay.

3.2. B-Glucosidase Amplification of Jiangella ureilytica KC603

Genomic DNA of Jiangella ureilytica KC603 was used as a PCR template. As a
result of the PCR reaction, ~1400 fragment was obtained as a product, indicating the

presence of B-glucosidase. (Fig 9).
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Figure 9. Jiangella ureilytica KC603 B-glucosidase gene. A) PCR known
to be 1374. B) PCR product

3.3. Results of Bioinformatic Analysis

The amino acid sequence of JurBglKC603 was determined by translating DNA
sequence with the EXPASyY program. The determined amino acid sequence was aligned
with a few B-glucosidase of Actinobacteria from NCBI with Clustal Omega software and

two conserved active sites were identified (Fig. 10).
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Pseudomonas PTPALNRRGFPTGFRWGVATARYOIEGAATADGREGOS IWDVYAHTPGRMANGDTGDVAID 51

Actinobacteria TERSSSIDAFPEGFLWGVATSA EGAVDEDGRGESIWDTFCRIPGTVRHGDTGDVACD 61
Saccharomonospora TREGPGPVTFPPGEFVWGVATAL EGSTTADGRSPSIWDTFCDTDGAVAGGDTGEPRAAD 115
Micromonospora ————-MSELRFPDNFVWGAATAAYOIEGAARDDGRGEPSIWDTFSRTPGRVHAGHTGDVACD 56

Lctinomadura LOTDHRPLTFPPGEFVWGAATARYOIEGAARDDGRGPSIWDTFSOVPGEVAGGHTGDVACD 75
Streptomyces DEDAPRTLREFPEGEWWGTATSL EGAEQEDGRGESVWDRFSEVPGAVERGETGATACD 70
Microbacterium = =00Z—————- MTAFPADFLWGAATSAYQIEGSLDVDGRGRSIWDTFAEQOPGATIEGGGDARVACD 54
Jiangella =0 0————= MTFRFPPEFLWGRATS IEGSLDADGRGESVWDVFARRPGAIEGGGDGSLASD 55
Nonomurasa 0z 0———==- MMSFPEGFLWGAGT SAYRIEGH-——-HGRGESVWDVFCRRPGAVEGGGDGSRACD 51
e e £ ww__w:w_w:ww _Jr:_ w:ww . e B L . W
Pseudomonas HYHRYREDIOQIIRELGANAYRFSIAWPRLFPNGTGRLNEAGLDFY SRELVDAQLEAGIEPF 151
Actinobacteria OYHRYEEDVATMAGFGVEAYRFSVAWPRIOPEGRGTPNOPGLDHYRELVDATNRHGISPL 121
Saccharomonospora HYRRMPSDVATLMRELGVGAYRFSLAWPRVRPDG-GDVNPRGLDEFYERLVDTLLEAGITEW 174
Micromonospora HYHRYADDVALMARLGLEAYRFSIAWPRIQPDGTGEVEPRGLDFYDELTDALLDRGIDET 116
Lctinomadura HYHRFRDDVGLMAGLGLSVYRFSVAWPRVOPDGSGPVNPRGIGFYDRLVDELLOAGITRPY 135
Streptomyces HYHRVEQDVALMAATGTNAYRCSVSWPRLLPEGTGEPVNRRGLDHYHRLVDRELLEHGITPL 130
Microbacterium SYRRWEDDLEILSELGMFAYRFSLAWSRIMPDGRGRVNSRGLDHYERTITIDELRRRETEPT 114
Jiangella SYRRWADDVELIAGLGLNAYRFSVGWSRIVEDGRGRVEERGLDHYERLVDALLDRGVTEV 1135
Nonomuraea SFLEWREDVALVGELGLTAYRFSTGWSRVMPDGAH-PDPEALDHYERFTDALLEAGREPV 110
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Pseudomonas LTL DLPOATLODEGGWOSRDTAFRAFADYRAVVASRLGDRVEHE 211
Lctinobacteria FTL DLEPOATLEDEGGWGNRDTAARFAEYALTVHRSLENDVHSWI 181
Saccharomonospora PTL DLECATLEDRGGWTARDTALRFADY AL TVVDRLGDREVTTWT) WCSAFLGYGS 234
Micromonospora VIL DLEOTLEDRGGWITNRETAEHFAAYALAVHGRLGDEIRTWT) WCSAYLGYG 176
Letinomadura ATL DLEPOTLEDRGGWTARDTATRFADYAGLVHDRTLADEVDTWT AAYLGYR 155
Streptomyces LTL DLEQALODRGGWEARETAERFAEYAAVCEDAFGDRVEDWI WIVGVLGHQ 150
Microbacterium VTL DMPEATMADGGWMGRGTVDAFTEYAVARSERT.GDEVDY I ITCOLLGYQ
Jiangella LTL DMPORATMRGGEWVARSSVDAFAEFTTAVADRLADEVE M g A
Nonomuraea LTL DMEPRASL———-TWAERSTVDAFALAYAFAVAGRTADEVTWWI] WIIATLLGYQ 166
e e WWW:W :Jv b e P W: P B B B B e ke e :W:
Ezeudomonas DMEATIGSPLDEVGEVNI PEYYIETADNOQOGF-IETPTSL———————— SHPRMGSRWHSF 376
Letinobacteria DLEVIAGPLDFLGVNYERRHTVTAETRSEPGA-DELPGSLGAWSVLESGVEATAMAWEIE 340
Saccharomonospora DEAVIGAGADFLGVNYERDLEFVSSAPDEQSGEPESEWVGT-DHVSFPERGLPRTDSGWDVN 356
Micromonospora DEELIALAPIDLLGTIN PTYVAGRPDGAGGSLA-—-¥YPGTEGAVEFLPATGPRSDMGWATIE 337
Letinomadura DLAVIAEPIDSLGIN PTYVALRSPGTEENEV-—-Y¥PGSEGI-LAFPQAGPPHTRAMGWEIV 3238
Streptomyces DLAVIGTGSDEFIGVNYETRRIVSAGRG——DGEF———PW———EVOPGRPEVARTDLNWEVV 343
Microbacterium DERRTAGRSDFLGINFETHRVMALEFPGPRHPF———PW———QVVGSTGEVERTDEGTEIV 333
Jiangella DERATAGRSDFLGVNYTREVMALZE PAGDARPF———PW———QVAGPSGDVARTDEGWEIZ 333
Nonomuraea DEAZIGGRSDFLGVNYTREVMARAPP———DEPF———PW———RVVGEPTGDVARTDEGWEIS 321
e e . e . e - b
Pzeudomonas SPEVMYWGPRLVNATWNEEATYT CARADDT-————— LTADGRVLDTDRILMYLRAVMTN 431
Letinobacteria POGLADL-LIELHRDYGEART FLDE-———— PLSDGVVHDERRIAFLRDHILAZ 354
Saccharomonospora AGELTGL-LLELHTEYPRLELY T FRDEV————— GPGGRIEDADRIAFVERHLLE 450
Micromonospora PAGLGEL-LDRFALDYPGELELMT GLFPDRVIEDGEDSTGRVADADRIDYLDGHLELR 396
Lctinomadura PDGLGDL-LIRLSEDYPGEVEL FE————— DVPDEEGRVRDDARIRYLDGHLRE 412
Streptomyces PEALTDL-LVRELHRDHEPGVELL YODDE————— PGPDGAVHDRRRTDFLHRHLVE 397
Microbacterium FPODAFRDL-LIRVHHDYFPGVE ISGDS————— PTHDGEVHDVRRTRYLRSHVAZ 387
Jiangella FDEFRDL-LLELHRDYE-FF 84 B
Nonomuraesa PGSLEDL-LAGLSRRFPGTE GVFGDAE————— PTHDGOVHDTRRIAFLRDHVEZR 375
. . pophw v v H
Pzeudomonas LORATAEGAPVEGNFARSAFDNLEWTGGYGVRFGLVHVDFATOERTPELSAEWYRRARCM 451
Letinobacteria VEBARATVAGVPLAGY. SLLDNFEWRAEGY SERFGLVHVDFTTORRTPEESAAWYAGVIRH 454
Saccharomonospora LHRAVARGVDLRGYFYWSLLDNFEWAEGYARRFGLVYVDYETORRTPEASAAWYSRVMAD 510
Micromonospora LHARATGRGVDLRGY LVWSLLDNFEWAEGYRERFGIVHVDY LTORRTPEASARWYQEVISR 456
Lctinomadura AHERTTRAGADLRGY LVWSLLDNFEWAEGYGERFGIVYVDYADORRLAEDSARWFRDVIAR 472
Streptomyces VHEAIERGAPVRGYFHNSLLDNFEWAMGYRPRMGLVHVDHATORRTVEDSGHWYRRARARE 457
Microbacterium MAERTEAGAPVVGY THNSLLDNFEWALGYRPREFGLVYVDFRTGERIVEDSAREFRAQIVRD 447
Jiangella MGEAMARLGADVREGYL SLLDNFEWSLGYRPRFGLVHVDYESGRRTVEDSGRLYARMILE 446
Nonomuraea VROATLEAGADVRGY LHNSLIDNFEWALGYRPRFGLVHVDHATGTRTVEDSGRYYARTLIAA 435
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Figure 10. Conserved active region of JurBglKC603; A) Protein donor site B) Nucleophile
site.
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The Jiangella ureilytica KC603 amino acid sequence was blasted in the Uniprot
program. TQNEP protein donor site, TENG nucleophile active site and also five substrate
binding sites were determined from the conserved regions. According to these data, it was
confirmed that Jiangella ureilytica KC603 has B-glucosidase belonging to the glycosyl
hydrolase | family.

3.4. Cloning of the B-glucosidase Gene into pGEM®-T Easy Vector System |
and pET28a (+) Expression Vector

For the confirmation of the cloning of B-glucosidase gene into pGEM-T easy
cloning vector, isolated plasmids were digested by the EcoRI restriction enzyme. As a
result, the DNA fragment, which is the same size as the PCR product, was observed (Fig.
11A).

The partial digestion with Ncol and Xhol restriction enzymes was performed to
check whether the B-glucosidase gene was cloned into the pET28a (+) expression vector.
After digestion, ~1200 bp and ~1400 bp fragment were observed since B-glucosidase gene

contains internal Ncol restriction enzyme recognition site in ~1200™ bp region (Fig. 11B).
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Figure 11. Jiangella ureilytica KC603 B-glucosidase gene fragment digestion with
EcoRlI, Ncol and Xhol restriction enzymes. A) I: PCR product, 11: Digestion
of pGEM-T easy cloning vector containing B-glucosidase gene. B) 1.
Digestion of pET28a (+) expression vector, Il: Digestion of pET28a (+)
expression vector containing B-glucosidase gene.

3.5. Gene Expression and Protein Purification

The crude extract and purified protein by Ni-affinity chromatography were run on

SDS-PAGE gel electrophoresis and about 50.1 kDa protein fragment was observed (Fig.
11B).

After purification, JurBglIKC603 activity was determined by a reaction in which -
glucosidase hydrolyzes p-nitrophenyl-f-D-glucopyranoside resulting in the formation of a
colorimetric (yellow) product, proportional to the B-glucosidase activity present (Fig 12A).
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Figure 12. Expression and and activity assay results of JurBgIKC603 with substrate, p-
nitrophenyl-B-D-glucopyranoside. A) I: Enzyme control without substrate; II:
Substrate control without enzyme; I11: Active B-glucosidase forms yellow color
because of hydrolysis of the substrate p-nitrophenyl-p-D-glucopyranoside B)
SDS-PAGE visualization of crude cell extract and purified B-glucosidase; I:
Marker; Il: Crude cell extract; 111: Pure enzyme.

3.6. Characterization of -Glucosidase

3.6.1. Optimum Temperature

According to experimental results, optimum temperature of the enzyme was

determined as 35 °C and a temperature-activity graph was created (Fig 13).
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Figure 13. Optimum temperature of JurBglKC603.

3.6.2. Optimum pH

By creating a pH-activity graph, optimum pH of the enzyme was determined as 6.0
(Fig. 14).
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Figure 14. Optimum pH of JurBgIKC603.
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3.6.3. Thermal Stability

Thermal stability of JurBgIKC603 was determined by creating activity-time graph.
According to graph, activity of enzyme decreased to half within 216 h at 25 °C,
completely, lost within 6 h at 35 °C and within 30 min at 55 °C (Fig 15).
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Figure 15. Thermal stability of JurBgIKC603.

3.6.4. pH Stability

When pH stability of JurBglKC603 was analyzed at room temperature at different
pH conditions; in the first 30 minutes, the activity of the enzyme at pH 3 decreased
approximately 50%. The enzyme lost 50% of its activity at pH 4 after 8 hours. The activity
of the enzyme fell to 50% at pH 10-11 after 72 hours, and the enzyme lost 50% of its
activity at pH 8-9 on the 5th day (Fig. 16).
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Figure 16. pH stability of JurBglKC603.

3.6.5. Metal lon Effect

The 3-axis bar graph was created to observe JurBgIKC603 activity in 1 mM and 2
mM metal concentrations. In general, any effect of 0.5 mM metal ions on JurBglKC603
activity was not observed, while activity in 2 mM metal ions fell. While Ca®*, Cu*, Fe?*,
Na®* increased the activity of JurBglKC603 in rate of 3-17%, Ni** and Mg®* did not change
and Hg?* almost reduced the activity of JurBglKC603 by 76-84 % (Fig. 17).
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Figure 17. Effect of metal ions on JurBglKC603.

3.6.6. Effects of Inhibitors and Organic Solvents

The 3-axis bar graph was created to observe effect of detergents in 1% and 5%,
concentrations on JurBglKC603 activity. While Triton X-100 reduced the activity by ~8-
15%, Tween-20 reduced by ~50-90% and SDS 98% (Fig 18A)

The 3-axis bar graph was created to observe effect of organic solvents in 5% and
10% concentrations on JurBglIKC603 activity. JurBgIKC603 activity was overall generally
decreased by 5% and 10% organic solvent except methanol and DMSO. 10% of methanol
and DMSO reduced the activity by 9-11% JurBgIKC603 activity. According to results of
experiment, 5 % and 10% of ethanol reduced the activity by 41-52%. While propranol
reduced the activity by ~33%, butanol decreased the activity by ~80%. While 5% of
Dioxane reduced the activity by ~30%, 10 % of Dioxane reduced the activity by ~73%.
(Fig 18B).

The 3-axis bar graph was created to observe effect of inhibitors in 1 mM and 5 mM

concentrations on JurBgIKC603 activity. According to graph, EGTA is seen a strong
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inhibitor for JurBglIKC603. PMSF, EDTA, DEPC and DTT did not show a very high effect
on JurBgIKC603 (Fig 18C).
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Figure 18. Effects of Inhibitors and Organic Solvents. A) The effect of detergents on
the B-glucosidase. B) The effect of organic solvents on the B-glucosidase.
C) The effect of inhibitors on the B-glucosidase.
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Figure 18. continues
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3.6.7. Glucose Tolerance

Glucose tolerance graph was created by measuring the B-glucosidase activity in 0.2
M, 0.4 M, 0.6 M, 0.8 M,1M,2M, 3 M and 4M glucose. According to tolerance analysis,
it was observed that JurBgIKC603 has 80% glucose tolerance in 0.2-2 M glucose and
~70% glucose tolerance in 3-4 M glucose (Fig. 18).
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Figure 19. The glucose tolerance of JurBglKC603

3.6.8. Enzyme Kinetics

The Lineweaver — Burk curve was created by using the inverse of the values
corresponding to the points where the x and y axes from Michaelis-Menten plot (Fig 20).
Kinetic parameters were calculated as Ky, = 0.448757 mM, Vyax = 3790.176 U/mg using
Lineweaver — Burk equation. Finally, the turnover number (ke and catalytic efficiency
(kea/Km) Were calculated as 3217.405119 s™, 7169.596 for 0.8 pg enzyme used in 1 ml
reaction volume (Fig. 21).
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Figure 20. Michaelis-Menten curve of JurBgIKC603 (by OriginPro 2020b).
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Figure 21. Lineweaver-Burk plot of JurBglKC603.
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3.6.9. Analysis of Polydatin by Thin Layer Chromatography

When polydatin substrate was hydrolyzed by JurBgIKC603, Resveratrol (Piceid) is
produced. Following TLC plate indicates that polydatin was deglycosylated (hydrolyzed)
by JurBglKC603. The reaction solution consisting of 50 mM sodium citrate buffer ( pH
6.0), 0,8 ug enzyme and 100 uM substrates ( Cucurbitacin, Myricetin and Piceid) were
inoculated at 35 C for 1 hour.

enzyme

Resveratrol
produced by
JurBgIKC603
action

Polydatin left
over from the
reaction

Figure 22. Analysis of deglycosylation of polydatin by JurBglKC603. Lane 1:
Reaction mixture; Lane 2: Reaction mixture with no enzyme; Lane
3: Resveratrol as a control 4: Polydatin substrate as a control.
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When myricetin-3-0-glucoside substrate was hydrolyzed by JurBglKC603,
myricetin must be produced. Following TLC plate (Fig. 22) indicates that myricetin-3-O-
glucoside was non-hydrolyzed by JurBglKC603. Cucurbitacin must also be produced,
when Cucurbitacin E-2-O-glucoside substrate was hydrolyzed by BgIKC603 (Fig. 22).

However, no cucurbitacin deglycosylation was observed by TLC.

enzyme + - ) - - +

!

Myricetin
substrate as

a control

Reaction
mixture for
Cucurbitacin

Reaction
mixture for
myricetin-3-O-
glucoside

glucoside control

Myricetin-3-O- [ —
Y ( 1 2 3 4 5 6

v

A

Figure 23. Analysis of deglycosylation of myricetin-3-O-glucoside and Cucurbitacin E-2-
O-glucoside by JurBgIKC603. Lane 1: Reaction mixture for myricetin-3-O-
glucoside; Lane 2: myricetin-3-O-glucoside control; Lane 3: muyricetin
substrate as a control; Line 4: Cucurbitacin E as a control; Line 5: Cucurbitacin
E-2-O-glucoside control; Line 6: Reaction mixture for Cucurbitacin E-2-O-
glucoside.
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4. DISCUSSION

In current study, B-glucosidase gene was detected in the genome of mesophilic
bacterium Jiangella ureilytica KC603. Primers were designed to amplify full length (-
glucosoidase from genome of Jiangella ureilytica KC603 (JurBglKC603). Amplified gene
sequence was first cloned into pGEM-T easy cloning vector followed by the subcloning
into pET28a (+) expression vector. E. coli BL21 (DE3) cells were used for expression for
recombinant enzyme. Recombinant protein was purified by NTN-NI affinity column and
then the recombinant enzyme was biochemically characterised. The effect of
deglycosylation activity of recombinat enzyme was analysed using cucurbitacin, myricitin

and resveratrol as substrates.

Macromolecules are biological entities that are essential for biochemical processes
of life. With the advances in recombinant technology and protein engineering, enzymes
have become important molecules widely used for different industrial purposes. Microbial
enzymes, which attracted great attention with the development of enzyme technology, are
used in more fields due to their features such as economic feasibility, high efficiency,
consistency, ease of product modification and optimization. B-glucosidase is one of the
industrially important enzymes because of the usability in increasing the quality of food
and paper, lignin biosynthesis, obtaining renewable fuel production, secondary plant
metabolism and anticarcinogenic effects. The optimum temperature of JurBglKC603 was
determined as 35 °C. Since Jiangella ureilytica KC603 is mesophilic bacterium,
JurBgIKC603 has low optimum tempreture. In the literature review, while the optimum
temperature of B-glucosidase of Micrococcus antarcticus strain was determined as 25 °C,
Exiguobacterium antarcticum B7 strain was determined as 30 °C (Sun, vd., 2020). The
other B-glucosidases reported in the literature are usually thermophilic and exhibit higher
temperature optima. For example, temperature optima for B-glucosidase of Oenococcus
oeni was determined as 50 °C. Generally, enzymes resistant to high temperatures are used
in the industrial field. In this case, the use of enzymes at low temperatures is important in
terms of providing production at low costs. Such enzymes can be adapted to the industry
and used more efficiently with recombinant DNA and fermentation technologies and
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protein modification processes. B-glucosidases are used in many industrial areas and have
therefore drawn attention. In literature, there are B-glucosidase studies conducted above
400 different organisms on B-glucosidase and approximately the gene of 100 of these

microorganisms have been cloned.

After the optimum pH studies, the optimum pH of the JurBglKC603 was
determined as 6.0. When the studies in the literature are examined, the optimum pH value
of the B-glucosidase of Neotermes koshunensis and Myceliophthora thermophila M.7.7 are
5.0, the optimum pH value of the B-glucosidase of Bacillus subtilis is 6.0, and the optimum
pH value of the B-glucosidase of Metschnikowia pulcherrima is 4.5. The optimum pH
range of the B-glucosidases in general is 4-7. JurBglKC603 is more alkaline than the -
glucosidases of Neotermes koshunensis and Myceliophthora thermophila M.7.7.
Considering the studies in the literature (Senol, vd., 2017), JurBglIKC603 can be used in
studies related to biomass fermentation since biomass fermentation processes are usually

performed at the pH between 6 and 8.

By drawing substrate-activity graphs for JurBgIKC603, it was determined that the
enzyme fits the simple Michaelis-Menten Kinetics. As a result of the calculations, Ky, =
0.448757 mM, Vpax = 3790.176 U / mg, Keat = 3217.405119°" and Keat / Ky = 7169.596 s°
'mM™? values were obtained. The kinetic parameters of B-glucosidase form Bacillus
tequelensis in the literature was determined as Ky = 7.43, Vimax = 1,462.25 U /mg, Keat =
454.05 s and Key / K= 61.12 s'mM™. Thermotoga naphthophila p-glucosidase is Ky =
0.45 MM, Vimax = 153 x 103U / mg Kear = 20,238.08 and key / K = 2,698,413 s'mM™.
Bacillus sp. SJ-10 B-glucosidase has Ky = 4.6 MM, Vinax = 1.526 U/mg, kear = 13.6 x 10° 5™
and keat / Km = 3.0 x 10° s*mM™. Considering the researches on enzyme kinetics, the
results of JurBglKC603 are better compared to the reported Beta-glucosidase enzyme
(Raza, 2019).

Considering the pH stability of JurBglKC603 at room temperature, according to
experimental results, activity of enzyme fell to half within 9th day at pH 5-7 and
completely lost within 30 min at pH 3, within 8 hr at pH 4, within 5th day at pH 9-11. The
enzyme lost 50% of its activity at pH 5, 6 and 7 on the 9" day. JurBglKC603 showed
stability and activity between pH 5 and 7. A previous study showed that stability of two -
glucosidases AaBGL1 and AaBGL2 of Actinomadura amylolytica YIM 77502 T, were in
the pH range of 4 to 9 (Yin vd., 2018). B-glucosidase AaBGL1 retained 95% of its activity
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after 12 hours of incubation at room temperture while AaBGL2 couldn’t, AaBGL2 activity
dropped to 60% after 24 hours. When looking at the pH stability of the B-glucosidase of
Metschnikowia pulcherrima, the enzyme half-life was about 5 hours (pH 4.5) at 23 °C. On
the other hand, JurBgIKC603 retained 70% of its activity between pH range of 5 to 11 after
24 hours of incubation. JurBgIKC603 has a wider pH range and mora stability than these
two enzymes. Therefore, JurBgIKC603 has the potential to be used in a wider pH range in

the industrial processes than others.

Metal ions play significant role in increasing and decreasing enzyme activity by
altering structure through binding amino acids having negative charge in specific domains.
Metal ions tend to bind protein sites with high affinity and site specificity. Generally,
heavy metals can alter enzymatic activities by linking functional groups containing
carbonyl, carboxyl and sulfhydryl. The effects of metal ions on beta glucosidase activity
were examined. In the presence of 5 mM Zn?*, maximum enzyme activity was measured as
95%. The enzymatic activity of Myceliophthora thermophila M.7.7 fell to 63% at a
concentration of 2.5 mM Zn”**. While Bacillus subtilis treated with Zn** showed 56%
enzyme activity, Marine bacterium showed 8.7 % relative activity (1 mM). While Zn**
decreased the activity of B-glucosidase | of Trichoderma reesei upto 92%, it increased the
activity of B-glucosidase 11 of the same bacterium upto 106%. Zn*? is a strong inhibitor that
acts on enzymes and it can inhibit the activities of enzymes. Zn*? inhibited the activity of
JurBgIKC603 lesser than other enzymes. JurBglKC603 showed 99% relative activity with
Mg®*. Same results were obtained from Myceliophthora and Bacillus subtilis within a
range of 100% and 92% respectively (Bofa, vd., 2018). While Bacillus subtilis showed
92% activity in the presence of 1 mM Mg?*, JurBglKC603 showed 99% activity. While
Myceliophthora thermophila M.7.7 treated with K* showed 76% enzyme activity,
JurBglKC603 showed 72% relative activity (1 mM). However, K" increased the activity of
Marine bacterium to 106%. Fe** has reduced enzyme activity of JurBglKC603 (89%) as
compared to Bacillus subtilis, which showed 142% of activity. However, the activity of
JurBglKC603 increased with increasing Fe* concentration (5 mM) upto to 111%. In case
of Myceliophthora thermophila M.7.7, all of its activity was lost in the presence of Fe®".
In the presence of Ca®* (1 mM), JurBglKC603 represented 95% activity while in the case
of Bacillus subtilis only 98% activity was observed. However, while the activity of
JurBglKC603 increased with increasing Ca** concentration (5 mM) upto to 115%, the

activity of Bacillus subtilis decreased with increasing Ca®* ion concentration (10 mM) and
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fell to 88%. Moreover, marine bacterium showed no activity in the presence of Ca** (1
mM). Cu?" increased the activity of JurBgIKC603 to 103% while in case of Bacillus
subtilis only 17% activity was observed. Moreover, Myceliophthora thermophila M.7.7,
showed no activity in the presence of Cu?*. In the presence of Ni**, JurBglKC603 and
Bacillus subtilis showed 93% and 67% activity respectively (Raza, 2019). JurBgIKC603
showed 83% activity in Mn?* ion, while Bacillus subtilis and Myceliophthora thermophila
M.7.7, showed 116% and 49% activity respectively. Na**, increased relative activity of
JurBglKC603 to 103%, while Myceliophthora thermophila M.7.7 showed 70% and
Bacillus subtilis 40% activity. However, the activity of JurBgIKC603 increased with
increasing Na®* concentration (5 mM) upto 117%. JurBglKC603 showed 85% activity in
the presence of Co®* (1 mM), while Soy Cotyledon showed 90% activity. While, in the
presence of Hg?* (1 mM), enzymatic activity decreased to 19% for JurBgIKC603, p-
glucosidase of Soy Cotyledon was decreased to 16% (Santos vd., 2011).

Heavy metals such as Cu**, Zn**, and Hg** usually exhibit high affinity for thiol
groups (Sulfhydryl group (-RSH)). These heavy metal ions oxidize functional groups of
cysteine residues and inhibit the enzymatic activity of some proteins (Ganesan vd., 2020).
These heavy metals did not show much effect on JurBglKC603 except for Hg?*. As the
destructive property of Hg?* affects the 3D structure of the enzyme, its activity was
decreased. The reason why other ions do not show much effect is that there are no thiol
groups in the active region of the enzyme we have studied. As a result of bioinformatics
screening, there are glutamic acid and histidine groups in the active region of
JurBgIKC603. Metal ions generally affect these groups in the active area. In addition,
while Ca?* increases the activity of the enzyme, Mn?* has not shown to have much effect
on the enzyme. It is known that Ca®* and Mn®* ions can stabilize enzymes. Also, the Mg?*
ion had no significant effect on enzyme activity. An increase in the activity of the enzyme
was observed in the presence of Fe’* and Na?* ions (San vd., 2020). Most of the metal ions
has no negative effect on the activity of the enzyme and it will be used for the hydrolysis of
natural product which often contain different ions, so such condition makes it an ideal

enzyme to use in industrial field.

When the effects of modifiers on the JurBglKC603 was evaluated, significant
change was observed. Detergents (%1 v/v) SDS, Tween-20 and Triton-X100 reduced
enzyme activity. The activity of JurBgIKC603 fell upto 51% in the presence of 5% Tween-
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20, wheareas the activity was decreased upto 92% in the presence of %1 Triton X-100. In
the presence of 1-5% SDS, approximately complete inhibition occurs because the activity

of the enzyme fell upto 1%.

In the literature, it is seen that these chemicals have different effects on the
activities of p-glucosidase obtained from various sources. The activity of the B-glucosidase
of Bacillus subtilis; in the presence of Triton X-100 decreased by 5% , however, for
Tween-20 decreased by 19% and for SDS 9%. The activity of the B-glucosidase of
Myceliophthora thermophila M.7.7 decreased by 55% in the presence of Triton X-100 and
18% in the presence of SDS (Bofa vd., 018). The activity of the B-glucosidase from
Aspergillus fumigatus decreased by 76% in the presence of SDS. SDS is a powerful
surfactant and it can inhibit enzymes by disrupting the 3D structures of enzymes. As a
result of this study, JurBglIKC603 activity was decreased by SDS to 2%. Tween-20 also
significantly affected the activity of the JurBgIKC603. Based on the results, JurBglKC603

cannot maintain its stability in the presence of strong detergents.

Effect of organic solvents (5% v/v) on the activity of JurBgIKC603 was
determined. Butanol decreased the activity of enzyme by 80%, ethanol by 41%, propanol
by 33%, DMSO by 18%, Dioxane by 31% and methanol by 7%. Effect of organic solvents
(10% v/v) on the activity of JurBglIKC603 was determined. Butanol decreased the activity
of enzyme by 73%, ethanol by 52%, propanol by 33%, DMSO by 11%, Dioxane by 72%
and methanol by 9%. The activity of B-glucosidase of Bacillus subtilis was decreased by
methanol upto 86%, ethanol upto 82% and propanol upto 93%. The activity of the B-
glucosidase of Gongronella butler increased by 30% in the presence of ethanol. -
glucosidase activity of Myceliophthora thermophila M.7.7; in the presence of isopropanol
and ethanol, was decreased upto 70% while the one of DMSO was decreased upto 92% by
(Chamoli vd., 2016).

Efffects of several inhibitors (1 mM) on the activity of Jiangella ureilytica KC603
B-glucosidase was determined. PMSF decreased the activity of enzyme by 16%, EDTA by
8%, DPEC by 6%, DTT by 19%, EGTA by 83%. Effect of inhibitors (5 mM) on the
activity of JurBglKC603 was determined. PMSF decreased the activity of enzyme by 27%,
DTT by 13% and EGTA by 98%, but EDTA and DEPC increased the activity of enzyme
by 2-3%. According to the previous studies, relative activity of the B-glucosidase of
Myeceliophthora thermophila M.7.7 in the presence of EDTA decreased by 32%, while
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18% by DTT. Sporothrix schenckii B-glucosidase activity was decreased upto 98% in the
presence of EDTA and it was decreased upto 97% in the presence of EGTA. B-glucosidase
of Leuconostoc mesenteroides showed 42% activity reduction for DMSO while EDTA
increased the activity by 19%. While EDTA (1 mM) increased the activity of B-glucosidase
of Marine bacterium by 16%, B-glucosidase of Trichoderma reesei was increased the
activity by 2%. While DTT (1 mM) increased the activity of B-glucosidase of Marine
bacterium by 17%, B-glucosidase of Oenococcus oeni was decreased by 16 %. While
PMSF decreased the activity of B-glucosidase of Soy cotyledon by %22, EDTA decreased
the activity by %21 (Santos vd., 2011).

When the effects of inhibitors on JurBglIKC603 were examined, EDTA increased
the enzyme activity by 2% while EGTA decreased by 98%. Both inhibitors are chelating
agents, which have similar structures and functions. Regarding their structure, EGTA
contains two oxygen atoms with unshared electrons conversely EDTA. Other than this,
EGTA has higher affinity for Ca?* ion than EDTA. Considering this situation, the structure
of Jiangella ureilytica KC603 B-glucosidase is more affected by EGTA. Two oxygens with
unshared electrons in EGTA can tend to bond more easily with this enzyme and this can

inhibit the enzyme's activity.

Glucose effect, on varying range of glucose (200 mM to 4000 mM), on the activity
of JurBgIKC603 was investigated. At glucose concentration 200 mM, the activity of the
enzyme dropped to 82%. There was not much change in the enzyme activity up to 3 M
glucose in the reaction mixture. But 3 M glucose dropped the enzyme activity down to

68%. However, it decreased to 66% in 4 M glucose concentration.

In a previous study, activity of B-glucosidase (Cen205) of Bursaphelenchus
xylophilus changed in various concentrations of glucose. The activity of Cen205 retains
approximately 80% activity at 100 mM glucose concentration. As the molarity of glucose
increased, enzyme activity decreases linearly and the activity was approximately 55% at
500 mM. B-glucosidase of Gongronella butleri, while giving 100% activity at 5 mM
glucose concentration, the activity of the enzyme decreased as the glucose concentration
increased. At 15 mM glucose concentration, the activity of enzyme reduced to 50% (Zhang
vd., 2017). Glucose generally inhibit B-glucosidases. Therefore it is important that these
enzymes tolerate glucose. In general, B-glucosidase having tolerance to glucose are

preferred in studies such as biomass and biofuel production (Liter vd., 2020). Therefore,
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the high glucose tolerance of the JurBgIKC603 indicates that it is a preferable enzyme for

the industrial process.

Summing up the study, JurBgIKC603 was cloned and characterized for the first
time. Compared to the enzymes discussed, the Ky, of this enzyme is low and the Vpax IS
high. This means that high yields can be obtained with less substrate. The high reaction
rate of the enzyme means that the rate of product formation in the environment is high.
Because of the high reaction rate of the enzyme, high efficiency can be obtained with a
small amount of enzyme in the industrial field and in a short time. The high thermal
stability and pH stability of the enzyme and its effect on some phenolic compounds

indicate that this enzyme can be used industrially.

Myricetin and resveratrol have great antioxidative and cytoprotective potentials,
anti-carcinogenic antioxidant, anti-inflammatory actions, antiviral and antimicrobial
properties, and anti-platelet activity (Semwal vd., 2016). The cucurbitacins from plants of
Cucurbitaceae are important compound for treatment of cancer, fever, amenorrhea,
leukemia, jaundice, rheumatism and tumour (Al-Snafi, 2016). According to the results of
TLC analysis, there was no deglycosylation as a result of the reaction with myricetin-3-O-
glucoside. It was determined that Polydatin was deglycosylated by JurBgIKC603 and
antioxidant resveratrol was formed. As a result of the reaction performed, JurBglKC603
formed resveratrol with higher antioxidant activities by removing a glucose from

Polydatin.
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5. CONCLUSIONS

As to best of our knowledge, JurBgIKC603 is not reported previously. In this study,
B-glucosidase characterization and its effect on phenolic compound modification was

investigated.

Optimum temperature of JurBglKC603 was determined as 35 °C while optimum
pH as 6.0. Kinetics parameters of paranitrophenyl B-D-glucopyrinoside as a chromogenic
substrate were examined, K, value was determined as 0.448757 mM, Vpax value was
3790.176 U /mg, keat value was 3217.405119°" and keat / Kin value was 7169.596 s> mM™.

pH stability of JurBglIKC603 was evaluated. Enzyme activity at pH 3 at room
temperature fell below 50% in the first 30 minutes, however, at pH 4 after 8 hour’s activity
reduction below 50% was observed. At pH 10-11, relative enzyme activity reduction at
50% was observed after 72 hours. While at pH 8 and 9, enzyme was stable and retain its
activity untill 5 days. However, at pH 5-7, the activity of the enzyme decreased below 50%
after 9th day. It was concluded that enzyme was stable at high pH range and its maximum
activity was observed at more alkaline conditions when comparing with many B-

glucosidases

Temperature stability of JurBgIKC603 has decreased below 50% after 216 hours at
25 °C while 50% at 35 °C after 4 hours. In addition, it reduces 50% of its activity after first
30 minutes at 45 °C and 55 °C. So, it can be suggested that enzyme cannot withstand at

high temperatures.

Effects of metals of Mg®*, Ni®*, Ca®*, K*, Zn**, Fe**, Cu** , Mn** , Na*, Hg*" and
Co*™ on enzyme activity was investigated. Metal ions in various concentrations were
treated with enzymes and their activities were measured. The change in enzyme activity at
1 mM and 5 mM metal ion concentrations is as follows; enzyme activity decreased 1% in
the presence of Mg?*. In the presence of Ni**, the enzyme retained 93% and 96%, activity,
respectively. The enzyme showed 95% and 115% activity under the influence of Ca®".
Enzyme maintained 72% and 24% activity under the influence of K*. The enzyme showed
107% and 95% activity under the influence of Zn?*. The enzyme retained 98% and 111%
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activity under the influence of Fe®*. The enzyme possessed 103% and 111% activity under
the influence of Cu®**. The enzyme maintained 83% and 88% activity under the influence

of Mn?*. The enzyme retained 19% and 16% activity under the effect of Hg*".

To study the effect of detergents on the enzyme, 1% and 5% concentration were
included in reaction medium. According to the results; Tween-20 reduced the activity of
the enzyme by 49%, 89% whereas Triton X-100 reduced activity of the enzyme only about
8-15%. On the other hand, SDS lost enzyme's activity by about 98%.

1 mM and 5 mM final inhibitor concentrations were included in reactions and their
effects on the activity of the enzyme were examined. EDTA and DEPC showed an effect
similar to original enzyme activity. When EDTA and DEPC were at a concentration of 5
mM, the activity of the enzyme increased up to 102-103%. Enzyme activity decreased to
84-81% while PMSF and DTT were at a concentration of 1 mM. Inhibitors used generally
reduced the activity of the enzyme, except EDTA and DEPC. The enzyme activity
increased with increasing the EDTA and DEPC concentrations.

Effect of organic solvents of methanol, butanol, propanol, ethanol, dioxane and
DMSO on enzyme activity was investigated. Organic solvent used in various
concentrations were treated with enzymes and their activities were measured. The change
in enzyme activity at organic solvents concentrations of 5% and 10% is as follows; enzyme
activity is reduced by 33% in the presence of propanol. In the presence of butanol, the
enzyme showed 20% and 27% activity, respectively. The enzyme showed 93%, 91%
activity in the presence of methanol. Enzyme showed 69% and 28% activity in the
presence of dioxane. The enzyme showed 59% and 48% activity in the presence of ethanol.

The enzyme showed 82%, and 89% activity in the presence of DMSO.

Activity of JurBgIKC603 was measured by treating several concentrations of
glucose for determination of glucose tolerance of the enzyme. Eighty-two percent activity
of JurBgIKC603 has been maintained in 200 mM glucose. Up to 3 M, enzyme activity did
not change much, but at 3M glucose, 68% of the enzyme activity has been retained.
Activity dropped to 66% in 4 M glucose concentration. These findings suggest that glucose
tolerance of JurBgIKC603 is high.

Three different substrates previously known to have antioxidant effects have been

analyzed. These determined substrates were treated with JurBgIKC603 and TLC analysis
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was performed. Depending on our results, we suggest that JurBgIKC603 has increased the
antioxidant activity of Polydatin (Piceid). But Myricetin -3-O-glucoside was not
deglycosylated by JurBglKC603. Also, Cucurbitacin is produced if Cucurbitacin E-2-O-
glucoside substrate is hydrolyzed by JurBglKC603. However, no Cucurbitacin E-2-O-

glucoside deglycosylation was observed on TLC.
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6. RECOMMENDATIONS

1) JurBgIKC603 is stable at low temperatures but not stable at high temperatures. Thermal
stability of the enzyme can be enhanced by site directed mutagenesis following the
determination of the residues that are possibly important for temperature stability by

bioinformatic analysis and literature review.

2) Proline-tag can also be incorporated to improve thermal stability of enzyme as

conducted by Irfan et al 2016 for xylanase from Geobacillus thermodenitrificans C5.

3) Myricetin-3-O-glucoside, that is used as antioxidant, is a flavanoid compound and
JurBgIKC603 can not deglycosylate this compound. Considering bioinformatics analyses
and B-glucosidase studies, some amino acid substitution studies on JurBglKC603 can be
made by site directed mutagenesis and its effect on the Myricetin -3-O-glucoside might be

changed.

4) Whether JurBgIKC603 is effective on cucurbitacin substrate has not been determined.
HPLC analysis can be performed to understand whether the cucurbitacin is deglycosylated

by enzyme.

5) Stability analysis of JurBgIKC603 activity at lower temperatures has not been
performed. The stability of the enzyme can be examined at lower temperatures such as +4
°C and -20 °C.

6) Kinetic analysis is carried out only with pNPG, it could be also performed on natural

substrates such polydatin.
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