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OZET

YENI BiIFIiDOBAKTERI GLIKOSIDAZLARININ REKOMBINANT OLARAK
URETILMESI VE KARAKTERIZASYONU

Berfin SUCU
Canakkale Onsekiz Mart Universitesi
Lisansiistii Egitim Enstitiisti
Biyomolekiiler Bilimler Anabilim Dal1 Yiiksek Lisans Tezi
Danigsman: Dog. Dr. Sercan KARAV
28/06/2021, 93

Protein glikozilasyonu, protein katlanmasi, stabilitesi ve enzimatik koruma dahil
olmak iizere protein fonksiyonu gibi nemli rollerle iligkilendirilmis yaygin bir translasyon
sonrast modifikasyondur. Glikoproteinler (laktoferrin, immiinoglobulinler gibi), protein ve
glikan ikilisinden olusmaktadir. Bakteriler, glikoproteinleri sindirebilecek gerekli enzimleri
icermediginden onlari karbon kaynagi olarak kullanamaz. Bundan dolay1 bakteriler izerinde
gbzlemlenen gelisimin karbon kaynagi glikanlardir. Glikanlarin glikoproteinlerden ayrilip
hiicre icine alinabilmesi i¢in ise Once bakterilerin glikosidazlarmin bu glikanlari1 kesmeleri
gerekmektedir. Glikoproteinlere baglanan N-glikanlar, konakei tarafindan sindirilemez ve
bazi yararli bakteriler tarafindan tiiketildikleri kalin bagirsaga ulasir. Bu nedenle, bagirsak
mikrobiyomundaki yararli mikroorganizmalar1 se¢ici bir sekilde uyarabilen yeni nesil
prebiyotik bilesikler olarak kabul edilirler. Bifidobakteriler, N-glikan salinimi i¢in benzersiz

bir genomik yetenege sahiptir.

Bu tez kapsaminda, glikoproteinlerden N-glikan salinimi i¢in farkli organizmalardan
(bebekler, tavsanlar, tavuklar ve yaban arilari) izole edilen Bifidobakteri suslarindan yeni
glikosidazlarin rekombinant {iretimi amaclanmustir. Ilk olarak, Bifidobacterium longum
subsp. infantis ATCC 15697¢den izole edilen endo-/-N-asetilglukozaminidaz enziminin
amino asit dizisine benzerlikleri agisindan farkli Bifidobakteri suslarindan yeni glikosidazlar
secilmistir. Bu enzimlere genetiksel olarak farkl flizyon etiketler (N-His, SUMO, C-His)
cklenmistir ve enzimlerikodlayan genlerin klonlamast igin E. cloni 10G hiicrelerinde in vivo

klonlama teknigi kullanilmistir. Hedef glikanlart degistirilen enzimler batch methodu ile



yiiksek verimde iiretilmis ve saflastirilmistir. Ardindan saflastirilan enzimlerin model
protein RNase B iizerindeki aktiviteleri SDS-PAGE analiziyle test edilmistir ve aktivite

gosteren bes enzimin optimum reaksiyon kosullar1 ve kinetik parametreleri belirlenmistir.

Anahtar sozciikler: Bifidobakteriler, Glikosidazlar, Glikoproteinler, Glikanlar



ABSTRACT

RECOMBINANT PRODUCTION AND CHARACTERIZATION OF NEW
BIFIDOBACTERIAL GLYCOSIDASES

Berfin SUCU
Canakkale Onsekiz Mart University
School of Graduate Studies
Master of Science Thesis in Biomolecular Sciences
Advisor: Assoc. Prof. Dr. Sercan KARAV
28/06/2021, 93

Protein glycosylation is a common post-translational modification. It has been
associated with important roles such as protein function including protein folding, stability,
and enzymatic protection. Glycoproteins (lactoferrin, immunoglobulins, etc.) are composed
of protein and glycan structures. Bacteria cannot use them as a carbon source because they
do not contain the necessary enzymes that can digest proteins. Therefore, the carbon source
of growth observed in bacteria is glycans. For glycans to be released from glycoproteins and
taken into the cell, glycosidases of bacteria must first cleave these glycans. N-glycans
attached to glycoproteins are indigestible by the host and reach the large intestine, where
they are consumed by certain beneficial bacteria. Therefore, they are considered next-
generation prebiotic compounds that can selectively stimulate beneficial bacteria in the gut
microbiome. Bifidobacteria possess a unigue genomic capability for N-glycan cleavage.

Within the scope of this thesis, the recombinant production of novel glycosidases
from Bifidobacterial strains isolated from different organisms (infants, rabbit, chicken,
bumblebee) for N-glycan release from glycoproteins was aimed. Firstly, novel glycosidases
from different Bifidobacterium strains were selected in terms of their similarity to the amino
acid sequence of a reference enzyme, endo-f-N-acetylglucosaminidase. This enzyme was
isolated from a microbe in the infant gut, Bifidobacterium longum subsp. infantis ATCC
15697. Different fusion tags (N-His, SUMO, C-His) were genetically added to these
enzymes, and in vivo cloning technique was used E. cloni 10G cells to clone the genes

encoding the enzymes. All enzymes were produced and purified in high efficiency by the

Vi



batch method. The activities of the purified enzymes on RNase B protein were then tested
by SDS-PAGE analysis. Finally, the optimum reaction conditions and kinetic parameters of

five enzymes active on the protein were determined.

Keywords: Bifidobacteria, Glycosidases, Glycoproteins, Glycans
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CHAPTER 1
INTRODUCTION

1.1. Intestinal Microbiota

The human gastrointestinal tract (Gl) is one of the biggest environments between
antigens, environmental factors of the human body, and the host (Bengmark, 1998: 2). A
community of bacteria, eukarya, and archaea, also known as "gut microbiota,"” colonizes the
Gl tract and it has developed together over the years to establish a mutually, complex but
beneficial relationship with the host (Backhed et al., 2005; Neish, 2009). These
microorganisms constitute 90%as cell numbersand 99%as gene numbers in our body. More
than 1000 species can colonize in the intestinal microbiota (Turnbaugh et al., 2006). The
diversity may vary between individuals and is subjectto lifelong changes by endogenous
and exogenous factors. A person'ssex, age, level of antibiotic use, mode of birth, geographic
location, and feeding types are also highly effective on microbiota (Conlon and Bird, 2015).
One-third of the intestinal microbiome is known to be common to most people. It is also
known that two-thirds are specific to each individual. In other words, the microbiota in the

intestines is thought to be an individual identity card.

The intestinal microbiota has many different functions in most of the body functions
and healthy living. Food digestion, regulation of the immune system, production and
absorption of certain vitamins, prevention of inflammation, and their contribution to the
fulfillment of brain functions are the most important of these functions (Vael and Desager,
2009). The association of microbiota problems with various diseases has been discussed by
many researchers. These health problems include asthma, autism, cancer, celiac disease,
diabetes, food allergy, obesity, and weight gain, and various skin and intestinal diseases
(Carding et al., 2015). It has been emphasized that abnormal changes in human intestinal
microbiota, which is an important research subject of recent years, are associated with low-
grade inflammatory bowel disease, diabetes, and obesity (Turnbaugh et al., 2006) (Figure
1).



Damaged Microbiota Healthy Microbiota

* Inflamation * Healthy Inflamatory cells
* Intestinal dysbiosis * Normal gut microbiota
* Obesity * Gluconeogenesis

* Lipogenesis

* High insulin resistant
* Autoimmune disease
* Oxidative stress (SCFA, indole)

* Carcinogenesis * Low endotoxemia

* High calorie intake * Low intestinal permeability
* High intestinal permeability

* Healthy microglia function
* Low insulin sensitivity
* Useful active molecules

Figure 1. Effects of damaged and healthy microflora on our body.

Infants are sterile until the moment of birth and their microbiome is rapidly shaped
by bacteria from the motherand the environmentduringbirth (Nicholson etal., 2005). In the
early stages of infant development, the two main phyla Proteobacteria and Actinobacteria
dominate the microbiota, usually of low diversity (Backhed etal., 2005). In the first year of
life, microbial diversity beginsto increase. Thus, the composition of the microbiota takes the
form of a distinct microbial profile similar to the microbiota of adults and changes over time
specific to each infant (Palmer et al., 2007). The microbiota composition, variety, and
functional abilities of an approximately 2.5-year-old baby are similar to that of the adult
microbiota (Koenig et al., 2011; Rodriguez et al., 2015). Although the composition is
relatively stable in adulthood, the microbial population in individuals over 65 years of age
changes with an increased abundance of Clostridium and Bacteroidetes phylum (Dethlefsen
and Relman, 2011).

While viruses, fungi, and other microorganisms are also present in the GI tract, the
majority of microbiota are bacteria (Villanueva-Millan et al., 2015). A commonly found
normal healthy human florais subdivided into six classes of bacteria. These are Firmicutes,
Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria, and Verrucomicrobia
(Lozupone etal., 2012). Among these classes, Firmicutes and Bacteroidetes suppress 90
percent of the intestinal microbiota. When examined on class levels, bacteria have been
identified as Bifidobacterium, Bacteroides, Lactobacillus, Eubacterium, Clostridium,
Escherichia, Ruminococcus, Fusobacterium, Peptococcus, Peptostreptococcus,
Enterobacter, Enterococcus, Proteus, and Klebsiella (Suau et al., 1999). These

microorganisms compete for survival in the intestinal microbiota. The most important



strategy they use in this struggle is to be able to colonize by using nutrients in the

environment with different genomic equipment.

1.2. Bifidobacteria

Members of the genus Bifidobacterium, which provide benefits to their hosts, are one
of the first microbes to colonize the human Gl tract. Bifidobacteria with health-promoting
properties have beenincluded as active ingredients in many functional foods. (O’Callaghan
and van Sinderen, 2016). Bifidobacteria, firstisolated andidentified by Tissier in 1899-1900,
are similar to lactobacilli due to their morphological and physiological characteristics.
Therefore, they have been classified as members of the genus lactobacilli for the greater part
of the 20th century and have subsequently been described as a different genus (Turroni et
al., 2011). These microorganisms called Bacillus bifidus, which are morphologically rod-
shaped, non-gaseous (gas-free), and show anaerobic properties, were found in the feces of
infants fed with breast milk (Soccol et al., 2010; Turroni et al., 2011). Due to the presence
of fructose-6-phosphate phosphoketolase (F6PPK) enzyme in a new species bifidobacteria
and the lack of secretion of glucose-6-phosphatase dehydrogenase and aldolase enzymes
found in lactobacilli, they are classified as bifidobacteria (Martinez et al., 2013). Since then,
bifidobacteria that occur in different ecological niches such as the insect gut, oral cavity, and
sewage, have been isolated from the Gl tract of various mammals and water kefir (Klijn et
al., 2005; Laureysetal., 2016; Ventura etal., 2007).

Actinobacteria, Bacteroidetes, Firmicutes are the most abundant phylum in human
intestinal microbiota. The dominant phyla in adults are Firmicutes and Bacteroidetes, and
the dominant phyla in breast-fed infants are Actinobacteria. Bifidobacterium longum subsp.
infantis and Bifidobacterium breve, which belong to the phylum Actinobacteria and can
reach higher levels than the majority of the total bacterial population, have been shown to be
predominantly found in infant feces. But Bifidobacterium adolescentis is characteristically
only found in the feces of adults while Bifidobacterium longum and Bifidobacterium bifidum
have beenisolated from both the feces of adults and infants (Hidalgo-cantabranaetal., 2017;
Ventura, 2001).



HMO Metabolism

Infant gut Bifidobacteria is thought to metabolize human milk oligosaccharides
(HMOs) (Figure 2). Specific bifidobacteria, typically isolated from infants, can capture
HMO and use the structure as a sole carbon source. Bacteria with a genome adapted for
HMO metabolism are B. bifidum and B. infantis (Duranti etal., 2015; D A Sela et al., 2008).
Bacteria with a genome adapted for HMO metabolism are B. bifidum and B. infantis.
However, other infant gut bifidobacterial species, B. breve and B. longum, encode different
HMO catabolic enzymes. They exhibit more strain-specific phenotypic variation and can
degrade certain HMOs (LoCascio et al., 2009). It has been shown that these strains can also

utilize carbohydratesreleased by other bifidobacteria such as B. bifidum.

Some adult-type bifidobacteria such as B. animalis and B. adolescentis do not
degrade HMO species. It is thought that this could be due to the absence of a gene found in
infant-type bifidobacteria (B. infantis), in these species (David A. Sela and Mills, 2010). B.
infantis possesses a unique glycan metabolism strategy. The Bifidobacterium species can
release glycan structures of the glycoproteins using an enzyme, endo-f-N-
acetlyglucosaminidase (EndoBI-1), and take intact glycans into the cells. This feature of B.
infantis reduces the potential for cross-feeding of pathogenssince the hydrolysis of glycans

into monosaccharides takes place inside the cell (Chaplin etal., 2015; Egan etal., 2014).
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Figure 2: There are possible strategies for the utilization of human milk oligosaccharides
(HMOs) by Bifidobacteria (blue squares represent GIcCNAC; red triangles, galactose; purple

diamonds, fucose; yellow circles, blue circles, glucose).
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In, Figure 2, 1) Some Bifidobacterium species, suchas B. bifidum, cleave the linkages
found in HMOs with extracellular glycosyl hydrolases and can use these structures. 2) B.
infantis can release glycans from the glycoproteins by EndoBI-1 and take the intact glycans
into the cells. 3) B. breve utilizes HMO monosaccharides cleaved by extracellular

glycosidases of other gut bifidobacteria because they cannot degrade HMO species.

1.3. Glycoproteins

Glycoproteins can be defined as covalently attached carbohydrate-containing
proteins. Glycoproteins are presentin all living organisms, both soluble and insoluble forms,
in different biological functionsand properties. The carbohydrate moiety of glycoproteins
varies between 1% and 80% depending on the molecule (Varki etal., 2009). Glycoproteins
have many functions such as the immune system, reproduction, hormones, cells, and
organism protection (Eylar, 1966). Milk contains mostly N-glycosylated whey proteins and
a high proportion of O-glycosylated casein. Whey is high in glycoprotein contentand is a
byproductof cheese-making. Whey consists of proteinand lactose and mostly water (Mollea
etal., 2013). Whey mostly contains glycoproteins such as lactoferrin, immunoglobulins, a-
lactalbumin, osteopontin, transferrin, and glycomacropeptide (Walstra et al., 2005).
Lactoferrin, a multifunctional whey glycoprotein, is found in milk, saliva, mucus, salvia
(Levay and Viljoen, 1995; Steijns, 2001). The lactoferrin concentration of the milk of various
mammals may vary according to species and individuals (Hirai etal., 1990). These proteins
differ in their glycan profiles. The differencesin the biological functions of lactoferrins are
believedto be due to differences in these glycan profiles. Lactoferrinhas biological functions
such as strong iron-binding ability, bifidogenic, anti-inflammatory (Kane etal., 2003), and
antimicrobial (Qiu et al., 1998). It also has effects such as antioxidant effects,
anticarcinogenic (Bezaultetal., 1994), and immunomodulatory (Legrand et al., 2006). The
most interesting of all these biological functions of lactoferrin is its antimicrobial activity.
Iron is an essential nutrient source for all microorganisms. The antimicrobial effect of
lactoferrin is thought to be due to the depletion of iron. Lactoferrin has also been shown to
protect the intestine mucosal lining from pathogens (Barboza et al., 2012), and its direct
interaction with pathogens causes cell lysis. The major role of glycans in this mechanism (as
signaling agents) is considered (Antonini et al., 2015). While this protein promotes the

growth of Bifidobacterium and Lactobacillus, it kills pathogens with its antimicrobial effect.
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The glycan profiles of lactoferrin isolated from different mammalian milks were
compared with each other (Chung, 1984) and itwas shown thatthey have very similaramino
acid sequences but their glycan content is almost completely different from each other. In a
supportive study, 16, 18,and 6 specific glycan structures of human, goat, and cow lactoferrin

have been identified respectively (Le Parc etal., 2014).

In another similar study, the glycan profile of recombinantly produced human
lactoferrin in transgenic cows has been shown to be quite different from that of human and
cow lactoferrin (Parc etal., 2017). Itis thought that the biological activity of lactoferrin and

similar glycoproteins vary in different mammals due to differences in glycan profiles.

1.4. Glycans and Their Roles

Glycosylation is the important and most common protein post-translational
modification. Glycosylation is the covalent attachment of carbohydrate molecules (glycans)
to the surface of the protein and is the most common chemical modification that occurs
naturally in protein (Sola and Griebenow, 2010: 11). Itis thought that the biological activity
of many therapeutic glycoproteins may be dependent on their glycosylation state (Mamedov
and Yusibov, 2011).

Glycans are present in nature free and attached to proteins, peptides, and lipids by N-
or O- glycosidic bonds. In milk, free glycans, also known as oligosaccharides, are shaped by
N-acetylglucosamine (GIcNAc), sialic acids, and fucoses (Varki etal., 2009). Human milk
also includes abundant free oligosaccharides. Infants cannot digest human milk
oligosaccharides (HMOs) due to glycosidase deficiency. However, in the Gl tract, HMOs
have been shown to be preferably consumed by various Bifidobacteria strains (LoCascio et
al., 2009). Glycans are also found in conjugated forms as N-glycans and O-glycans that are
attached to proteins, peptides, or lipids by glycosidic bonds. O-glycans are the mostcommon

type of mucin-type glycans.

They are usually attached to hydroxyl in a serine/threonine of proteins via N-
acetylgalactosamine (Steen et al., 1998). O-glycan structures contain eight different cores,

while N-glycans contain only one core consisting of two HexNAc and three mannose



residues. N-glycans are attached to asparagine residues in Asn-X-Ser/Thr of the polypeptide
chainviaHexNAc (X canbe referred to asany amino acid exceptproline). Monosaccharides
such as fucose and sialic acid are added to this common structure by glycosyltransferase and
glycosidase enzymes, thus producing different glycans (Ohtsubo and Marth, 2006).
Accordingto this modification ofthe commonstructure, N-glycans existas complex, hybrid,

and high mannose glycans (Figure 3).

High Mannose Hybrid Complex

. Mannose

. N-Acetylglucosamine
D N-Acetylgalactosamine
@ sialic acid

Asn: Asparagine

Common N-glycan core

— Asn
— Asn
| Asn

Figure 3. The common core structure and different types of N-glycan (The figure was

prepared by using GlycoWorkbench software (v2.1)).

Glycans, which are important in various cellular mechanisms related to health and
disease, play a role in cell-cell and cell-microorganism communication, folding, and
stabilization of proteins. In studies on the glycan role in some functions such as receptor
activation and celladhesion (Barbozaetal., 2012), the glycoproteinstructure has been shown
to protect the host against various viral and microbial attacks. It was also found that sialic
acid present in glycans prevents the binding of pathogens to epithelial cells in the intestine,
prevents diarrhea-causing rotavirus infection in infants, and reduces the binding of

leukocytes to endothelial cells (Bode, 2006).



Sialic acid in glycans has been also shown to be very important in brain development
and the development of the learning abilities of infants (Morgan and Winick, 1980). The N-
glycan molecule acts as a selective prebiotic by stimulating the growth of specific probiotics
such as B. infantis found in the gut (Karav et al., 2015a). Characterization of glycans by
release from proteinsand the biggest problem in large-scale productionis the limited number
of deglycosylation techniques used currently. An optimal technique is currently not
available, as chemical and enzymatic methods used to release glycans from glycoproteins

have many disadvantages.

1.5. Glycan Release Strategies from Glycoproteins

Glycans should be released from glycoproteins to be able to characterize them,
examine their effects in different studies, and understand their contribution to the functions
of glycoproteins. VVarious chemical and enzymatic methods are used to release glycans from
glycoproteins. However, these biological and physicochemical properties of glycans are not
fully understood due to the limitations of these methods (Le Parc et al., 2014; Royle et al.,
2008).

Chemical Strategies for Release of Glycans: Chemical methods are widely used

because of their easy applicability, low cost, and active on many substrates (Sojar and Bahl,
1987). Deglycosylation processes first started with the application of chemical methods such
as S-elimination and hydrazination used to release the glycan moieties from glycoproteins.
However, the biggest problem of these methods is that the remaining sodiums after the
reaction inhibit the analysis of glycan in the mass spectrometer, the used chemicals have a
carcinogenic effect (Choudhary and Hansen, 1998), and the loss of the natural structure of
the glycans and the remaining polypeptide moieties due to substrate denaturation
requirement (Patel et al., 1993). In the g-elimination method, glycans are released from
glycoproteins under alkaline conditions (Dwek etal., 1993). The released glycan structure
canbedisrupted asaresultof the reactionsknown asthe peelingaction during g-elimination.
To avoid this limitation, reducing agents such as sodium borohydride are used to protect the
chemical structure of the released glycans (Carlson, 1968; Turyan et al., 2014). Besides,
glycan loss is observed during -elimination of the high saltused duringthe reaction (Turyan
etal., 2014).



The hydrazination technique is a method by which the release of N- and O-glycan
can be manipulated by changing the conditions of reaction such as temperature (Patel et al.,
1993). Therefore, these chemical methods cannot be used in the food and health sector, and
as they alter the structure of glycoproteins, limiting the relationship of their biological

functions with glycans.

Enzymatic Strategies for Release of Glycans: On the other hand, to avoid these

problems, different enzymes such as peptidyl-N-glycosidases (PNGases) were used to
release N-glycan from glycoproteins, but not enough glycosylation was achieved due to the
lack of an active enzyme on all the glycan species (Altmann et al., 1995). Commercially
available PNGase F derived from Flavobacterium (Triguero et al., 2010), cleaves glycans
attached to asparagine to hydrolyze the amide side chain (Nuck etal., 1990). If there is fucose
in the glycan core linked by a 1,3 bondto N-acetylglucosamine, this fucose bound to the N-
glycan co-structure limits the activity of these enzymes and thus prevents the release of
glycans (Tretter et al., 1991). Besides, the form or structure of the glycoprotein is another
limitation of the activity of PNGase F on N-glycans. The accessibility of enzymes to glycans
can be increased by denaturing glycoproteins. For this, high heat and detergent use is
required. Under these harsh conditions, the structure of isolated glycans and remaining
polypeptide structures can be degraded. The analysis of glycans in mass spectrometry is also
adversely affected by detergentcontamination. Various enzymes called endoglycosidase F1,
F2, and F3, which do not require substrate denaturation, have been discovered, but the use
of these enzymes has remained very limited due to their activity on a limited number of
glycan species. These enzymesare foundto able to cutespecially multiple -antennary glycans
at extremely low levels (Table 1) (Trimble and Tarentino, 1991).
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Figure 4. Activity of EndoBI-1, PNGase F, and other endoglycosidases (endo H, F1, F2, F3)

on different regions of glycans.

A novel N-glycosidase EndoBI-1 was firstly isolated from B. infantis found in the
infant's gut. EndoBI-1 is accepted as an alternative strategy to all these limitations. This
enzyme has been shownto be effective at very low pH and high temperatures and to release
all N-glycan cores withoutany protein denaturation (Karav etal., 2015a; Karav etal., 2015b).
EndoBI-1 and PNGase F enzymes are shown the activity at different regions of the core of
N-glycan, releasing N-glycan structures from different regions (Figure 4). EndoBI-1 can
release all N-glycan types by actingon N, N'-diacetylchitobiosyl moiety located in the core
of N-glycan. Additionally, unlike PNGase F, this enzyme is not affected by fucosylation
(Garrido etal., 2012).

Table 1
Activities of EndoBI-1 and other glycosidases on different types of glycan (Karav et al.,
2017)

Endoglycosidase = Native (not  Core High Hybrid Bi- Tri- Tetra-
denatured) fucosylation mannose Ant. Ant. Ant.
PNGase F - - + + + + +
EndoBI-1 + + + + + + +
Endo H +/- + + + - - -
Endo F1 +/- + + +/- - - -
Endo F2 +/- + + - - -
Endo F3 +/- + - - + + -

+: high active, -: little activity or inactive, +/-: less activity, Ant.: Antennary
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1.6. Importance of Specific Glycan Release

Lactoferrin-like glycoproteins such as immunoglobulin, fetuin, and casein contain
very different glycan structures. The contribution of these glycans to these glycoproteins is
not yet understood. The association of these glycans based on species is very importantin
terms of improvingthe biological activities of these glycoproteins. Besides, ithas been found
that some glycan types have very specific biological activities. Among these, free glycans
containingsialic acid have attracted the attention of researchers. Ithas been shown thatthese
structures have important effects on the development of the brain and learning skills in
infants (Wang, 2009). These compounds, which are given to infants in very high amounts
by breast milk, have also been shown to inhibit pathogen binding by imitating

oligosaccharides on the cell surface that pathogens use to bind (Wangetal., 2007).

Ina study, ithas been shown thatsome of the glycans(4Hexo-3N-acetylglucosamine-
1 Fucose and 3Hexo-3N-acetylglucosamine) released from proteins of milk with EndoBI-1,
contribute to the development of B. infantis at a high level and can be utilized as a sole
carbon source (Karav etal., 2016). In another study, the release of glycans from lactoferrin
was performed to understand whether specific glycan types contribute to the antimicrobial
function of lactoferrin usingnovel forms of recombinantly produced EndoBI-1. The different
forms of lactoferrin were formed by treatment with the fusion-tagged enzymes (free,
genetically attached Glutathione-S-transferase and polyhistidine). After analysis and
confirmation of the released glycan structures, it has been proven that sialylated glycan
structures play a major role in the antimicrobial activity of lactoferrin on E. coli (Karav,
2018). Therefore, understanding the biological activity of each glycan species will enable
these functions to be used in many areas such as the health sector, the pharmaceutical

industry, and athletic support products.

1.7. Release of Different Glycan Species by Manipulation of Enzyme Activity

EndoBI-1 has been shown to release all N-glycans from different milk glycoproteins.
Most glycan release strategies require substrate denaturation. This enzyme allows the
glycans and remaining polypeptide moieties to be produced in their native forms without the

need for this process. Thus, the biological functions of glycan structures can be examined
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and investigated using proteins in a native state. It can also be shown as the only strategy by
which different glycan species can be released (Karavetal., 2015a; Karav etal., 2015b). In
this context, a study published in the journal Biotechnology Progress showed that EndoBI-
1 tends to release different glycan species by changing reaction conditions. For example,
predominantly neutral glycans can be isolated when pH 7, 65 °C for 130 min and 1/1500
enzyme/proteinratio are used as the reaction conditions. However, the isolation of acidic
glycans can be possible, when the reaction is performed at pH 5.3, 40 °C for 360 min, and
1/500 enzyme/protein ratio (Parc et al., 2015). However, although this strategy is effective
in the release of different glycan species, it resulted in low enzyme efficiency as the
conditions for the enzyme's glycan release were not optimal. It is suggested that enzyme
specificity can also be achieved with the help of fusion tags which alter the target substrate

of the enzyme.

Fusion tags designed primarily to produce high purity recombinant proteins are
expected to increase the solubility of proteins providing higher production yields. These
fusion tags are emphasized to must be easily applicable while allowing the enzyme to retain
its activity (Karav, Talak, et al., 2017). In a previous study, different fusion tags were
genetically added to the EndoBI-1 enzyme, and it was investigated that these enzymes are
effective on which glycan types. Primarily, optimum reaction conditions of the enzyme in
the three different forms (free, GST-tagged, and 6xHis-tagged) were investigated and it was
found that the three forms showed the highest activity at similar pH and temperature.
However, considering the total amount of glycan release, free and His-tagged enzyme was
found to release glycan more efficiently compared to the GST-tagged enzyme form. When
looking at the glycan profiles released by the three forms of EndoBI-1, it was found that the
GST-tagged enzyme released a very high number of neutral glycans, while free and His-
tagged enzymes released the glycans containing sialic acid (Karav, 2018). In line with all
these studies, it is thought that it is possible to selectively release glycans by using different
tags and changing reaction conditions. It is believed that it is possible to release specific

glycan species by adding new enzymesto these two approaches.
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1.8. Aim of The Study

The partial glycan release from glycoproteins is required to understand whether or
what glycans contribute to the biological function of therapeutic proteins. Thus, it will be
possible to investigate how the biological functions of proteinsare affectedafter the removal
of specific glycans. This study aims to detect and discover novel glycosidases with similar
properties and unique specificities isolated from different Bifidobacterium species found in
the feces of different organisms (healthy humans, bee, rabbit, chicken microbiome) by
bioinformatics studies and to produce these enzymes recombinantly with in vivo molecular
cloning system. Besides, it is aimed to manipulate the activities of the enzymes using
different techniques such as genetically attached fusion tags to the enzymes, and to release
the desired types of glycans from glycoproteins. Novel glycosidases will be recombinantly
produced in the correct gene sequence and high purity, and enzymes that have never been
studied before in this field will be brought to the field of glycobiology. The bioactive N-
glycan release from glycoproteins by using recombinantly produced enzymes containing
fusion tags would be a promising novel tool. There is no previously designed approach for
specific glycan production in this field. Thus, this thesis will contribute to filling a large gap

in the field of glycobiology in the literature.

In the scope of the proposed thesis;

a- The novel glycosidases were selected from various Bifidobacterial species in the
feces of the different organisms.

b- Invivo cloning system (N-His, SUMO, C-His) was used for the molecular cloning of
these novel enzymes.

c- All His-tagged enzymes were produced by batch purification method using Nickel-
resins column affinity chromatography.

d- The activity of purified enzymes was determined on a model protein, RNase B.

e- Finally, the selected five enzymes that showed activity on RNase B, were
characterized by determining the optimum reaction conditions and the kinetic
parameters.
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CHAPTER 2
PREVIOUS STUDIES

The biomolecules of mammalian milk, which have been developed for many years,
have not yet been defined by scientists. In addition, breastfed infants, which are known to be
highly beneficial, have been shown to have a lower risk of some diseases such as ec zema or
diarrhea than formula-fed infants (Hamosh, 2001; Holman et al., 2006). The glycosylation
extentin milk proteinsthoughtto have beneficial effects isan interestingmilk characteristic.
More importantly, the glycans of milk are not digested by infants, but they encourage
beneficial bacterial growth. Thus, these glycans protect infants from any pathogens and
stimulate a healthy environment of the intestine (Karav et al., 2016; Marcobal and
Sonnenburg, 2012).

Milk glycoproteins have different functions that shaped the infant microbiome
development. They also contribute to various cellular processes such as signaling and
adhesion. These proteins have been shown to have many biological activities. For example,
lactoferrin, one of the milk proteins, protects the cells of the intestine against bacterial and
viral infections and stimulates immune cells. In addition, other studies have shown that milk
proteins have bifidogenic effects (Actor et al., 2009; Jenssen and Hancock, 2009; van der
Strate et al., 2001). When lactoferrin and its glycan profiles isolated from different
mammalian milk are compared with each other (Chung, 1984), it has been shown that
lactoferrins have very similar amino acid sequences and the glycan content is almost
completely different from each other. Therefore, it is considered that glycans play important
role in glycoprotein biological activity. At this point, a study showed that recombinant
human lactoferrin found in transgenic cows has different glycan structures and profile and
biological roles than lactoferrin of native humans and cows, although they had similar

sequences of the amino acid (Parc etal., 2017).

Many methods have been examined and used to study milk protein glycosylation and
to understand whether and how N-glycans contribute to the glycoproteins' biological
properties. Therefore, various chemical and enzymatic methods are used for the release of
glycans from glycoproteins. However, these biological and physicochemical properties of
glycansare not fully understood due to the limitations of these methods (Le Parcetal., 2014;
Royle etal., 2008).

14



As an alternative strategy to all these limitations, a novel enzyme EndoBI-1 has been
firstly isolated from B. infantis found in the infant's gut. This enzyme hasbeen shown to act
on the core of all N-glycan types (Parc et al., 2015). B. infantis releases and utilizes all N-
glycan structures using this enzyme from glycoproteinssuch as milk protein lactoferrin. In
a study, the release of glycan by EndoBI-1 from the colostrum of bovine was performed
using various parameters such as enzyme/protein ratio, pH, temperature, and reaction time.
As a result of the study, This enzyme released high amounts of glycans from milk
glycoproteins at the medium values of temperature (~52°C), lower pH values, higher
enzyme/protein ratios, and longer reaction times. EndoBI-1 has also been shown to show
higher activity on natural proteins and retain its activity at high temperatures (Karav etal.,
2015a). In another study, the EndoBI-1 kinetic parameters were determined on concentrated
whey (bovine colostrum) and ribonuclease B (RNase B) of bovine lactoferrin. At the end of
this study, EndoBI-1 exhibited a very strong enzyme-substrate affinity on RNase B and the
maximum reaction rate on concentrated whey (Karav etal., 2015b). In another study with
the EndoBI-1 activity, different glycan types were shown to be released in the different
reaction conditions. For example, predominantly neutral glycans can be isolated when pH 7,
65 °C for 130 min and 1/1500 enzyme/protein ratio are used as the reaction conditions.
However, the isolation of acidic glycans can be possible, when the reaction is performed at
pH 5.3, 40 °C for 360 min, and 1/500 enzyme/protein ratio (Parc etal., 2015).

In a previous study, different fusion tags were genetically added to the EndoBI-1
enzyme and it was investigated that these enzymes are effective on which glycan types.
Primarily, optimum reaction conditions of three enzymeforms (GST-tagged, free, and 6-his-
tagged) were investigated and it was found that the three forms showed the highest activity
atsimilar pH and temperature. However, consideringthe total amount of glycan release, free
and His-tagged enzyme was found to release glycan more efficiently compared to the GST-
tagged enzyme form. When looking at the glycan profiles released by the three forms of
EndoBI-1, it was found that the GST-tagged enzyme released a very high number of neutral
glycans, while free and His-tagged enzymes released the glycans containing sialic acid
(Karav, 2018). In line with all these studies, it is thought that it is possible to selectively
release glycans by using different tags and changing reaction conditions. It is believed that

itis possible to release specific glycan species by addingnovel enzymes to these approaches.
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In this study, novel enzymes with a sequence similar to the amino acid sequence of
EndoBI-1, isolated from five different organisms, will be produced. Until this study, in vivo
cloning, manipulation of activity using fusion tag, control of activity on model proteins, and
Kinetic characterization were not performed for these enzymes, which we used in this study.
Recombinantly producedthese enzymeswould be apromisingnovel tool to release bioactive

N-glycans from glycoprotein-rich substrates.
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3.1. Materials

CHAPTER 3
MATERIAL METHOD

3.1.1. Chemicals, Kits, Culture Media, and Essential Items

In Table 2, the chemicals, Kits, and essential items for given studies were listed.

Table 2

List of chemicals, kits, culture media, and essential items

Name of Materials Codes Items

Anaerocult A 113829.0001 “rnaerobic conditions for
Bifidobacteria
Anaerobic conditions for

Anaerotest 115112.0001 Bifidobacteria

. Anaerobic conditions for

Anaerobic jar 116387 Bifidobacteria

L-Cysteine C7352 Amino acid in culture media

EconoTaq PLUS 2X Master Mix 30035-1 Amplification of target genes

Safe-Red Loading Dye G108-R Gel electrophoresis (DNA)

1 kb Plus DNA Ladder DO11-500 Gel electrophoresis (DNA)
Gel electrophoresis (DNA),

Agarose 16500-300 bacterial culture media

Boric Acid BORO001.500  Gel electrophoresis (DNA)

EDTA EDTO001.500  Gel electrophoresis (DNA)

Kanamycin Monosulfate K-120-5 Aml.bmtlc in bacterial culture
media

Expresso Rhamnose Cloning and _ . .

Expression System Kit, N-His 49011-1 Cloning Kit

Expresso Rhamnose Cloning and 49013-1 Cloning Kit

Expression System Kit, SUMO
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Table 2 (continue)

Expresso Rhamnose Cloning and

"')- . .
Expression System Kit, C-His 49012-1 Cloning Kit

Measurement of protein

Qubit Protein Assay Kit Q33211 concentration
. . Measurement of DNA

Qubit™ dsDNA BR Assay Kit Q32850 concentration

Glycerol Solution 15524-1L-R  Preparation of glycerol stock

L-Rhamnose monohydrate 83650 Inductlc.m of protein
expression

2X Laemmli Sample Buffer TGS10 SDS-Page analysis

SureCast 40% (w/v) Acrylamide HC2040 SDS-Page analysis

SureCast APS HC2005 SDS-Page analysis

SureCast TEMED HC2006 SDS-Page analysis

10X Running Butfer TGS10 SDS-Page analysis

. SDS-Page analysis, DNA gel

Tris TRS00L.1 electropioresis?rlysis butfer

10% SDS S100 SDS-Page analysis

PageRuler Plus Prestained Protein Ladder 26619 SDS-Page analysis

Acetic acid 27225 SDS-Page analysis

Methanol 947.046.2500 SDS-Page analysis

Coomassie Brilliant Blue (R-250) 0472 SDS-Page analysis

Imidazole 56750 Cell lysis

NaCl 31434-5Kg-R  Cell lysis

Sodium Phosphate Monobasic Anhydrous 0571-1Kg SOde} phosphate buffer for
cell lysis

Sodium Phosphate Dibasic Dihydrate 04272-1Kg SOde} phosphate buffer for
cell lysis

HisPur™ Ni-NTA Resin 88222 Production of enzymes

10-kDa-cut-off centrifugal filter UFC9010 Concentrating enzymes

Ethanol 920.027.2501 Protein precipitation

LB Broth, Miller (Luria-Bertani) J106-2KG Bacterial culture media

De Man, Rogosa, and Sharpe (MRS) 1106610500  Bacterial culture media

3.1.2. Substrates

Recombinantly production of novel glycosidases which have been tagged with three
differentfusiontagsinthisstudy was carried outfirstly using Bifidobacterium longum subsp.
infantis ATCC 15697 strain and different Bacterial strains provided from The Belgian Co-
ordinated Collections of Microorganisms (BCCM/LMG). RNase B protein (Code, P07817S)
used in the determination of enzyme activity was supplied from Biolabs. Lactoferrin from
bovine colostrum (Code, L4765-50MG), and IGG from bovine serum (Code, 15506-50MG)

used in the enzyme Kinetics were supplied from Sigma-Aldrich.
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3.1.3. Laboratory Equipment Used in Molecular Analysis

All laboratory equipment required for the thesis studies in the research lab of the
Molecular Biology and Genetics Department at the Canakkale Onsekiz Mart University
(COMU) was used and maintained according to the user'smanuals. The devices used in this
study are a sensitive scales (Shimadzu), an autoclave (Niive), incubator (Indem Niive EN
400), fume cupboard (Setra), -80 °C freezer (Operon), Millipore pure water system, Gel
Imaging System (Vilber Lourmat, France), horizontal electrophoresis and power supply
(Thermo), Vertical electrophoresis system (BioRad), Thermal Cycler (BioRad), NanoQuant
DNA concentration meter (Tecan Infinite® M200 PRO), -20 °C freezers (Bosch),
refrigerator (Bosch), coolingcentrifuge (Hettich), heatedstirrer (Wisd), mini centrifuge (CF-
5 Wisd), Vibra Cell/ Sonicator (Sonics), Shaker (Benchmark), vortex (Vortex Genie 2), dry
block heater (BSH1002 Benchmark), Qubit™ 3 Fluorometer (Invitrogen), Centrifuge
(Beckman Allegra X-15R), Vertical Electrophoresis System (Thermo), Shaker (Benchmark-
Incu Shaker 10LR), Shaker (Major Science Waver Shaker), microwave (Bosch), pH meter
(IsoLab), thermometer (IsoLab), and ice machine (izmak).

3.2. Methods

3.2.1. Detection of Novel Bifidobacterial N-Glycosidases and Phylogenetic

Relations According to Amino Acid Sequences

Firstly, the study was carried out to determine novel N-glycosidases in the different
Bifidobacterial strains and to select different sequences closely and distantly related to the
amino acid sequence of EndoBI-1 referenced by showing phylogenetic relationships

between these sequences.

Using the current reference sequence (ACJ53522.1 Bifidobacterium longum subsp.
infantis ATCC 15697), homology sequences were determined by searching protein-protein
BLAST-based (NCBI) in The Belgian Co-ordinated Collections of Micro-organisms (LMG)
and NCBI gene banks. The 9 sequences were selected from the glycosyl hydrolase family
considering similarity percentages. Multiple sequence alignments for 10 samples containing
the amino acid sequences of the EndoBI-1 with these selected sequences and the current

reference sequence were extracted using the MUSCLE alignment method. Then, using this
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data set, the Neighbor-Joining (NJ) tree based on the distance relationship was constructed.
For phylogenetic relationship states, the analysis based on the Maximum Likelihood (ML)
algorithm was made by taking into consideration WAG, which was determined as the most
suitable model for this data set. While creating branching models, 1000 bootstrap
applications were performed. Multiple sequencing, model determination, and MEGAX
programwere used for tree construction analyzes (Kumaretal.,2018). The Neighbor-joining
(NJ) dendrogram is shown in Figure 5 and the Maximum Likelihood phylogram is shown in
Figure 6. Both tree topologies provided consistent groupings. These strains are shown with

GenBank access numbers on the trees.

Bootstrap values are shown on nodes. 70 and above of Bootstrap values were
evaluated as indicating significantly different branches in terms of genetics/phylogenetics.
Thus, in the study, 5 different sequences that are both closely and distantly related in terms
of genetics/phylogenetics with the EndoBI1-1 were taken into consideration. These sequences
have been used in ongoing studies. The information about Bifidobacterial strains and target
genes used in the thesis are shown in Table 3.

KFF30883.1 Bifidobacterium bombi DSM 19703

=3

KF146963.1 Bifidobacterium bohemicum D3SM 22767

47 BAQ31862.1 JCM 12489 DSM 13734

WP 052122780.1 Bifidobacterium pullorum
99

KF188990.1 Bifidobacterium saeculare DSM 6531 LMG 14934

ACJ53522 1 Bifidobacterium longum subsp. infantis ATCC 15687

| BAQ30016.1 Bifidobacterium kashiwanohense DSM 21854

100 \-" AHJ20807 1 Bifidobacterium breve NCFB 2258

531 BAR04361.1 Bifidobacterium pseudocatenulatum DSM 20438

BAQ97228.1 Bifidobacterium bifidum ATCC 29521

0.s0

Figure 5. The Neighbor-Joining tree obtained usingamino acid sequences of EndoBI-1 and
different proteins encoding glycosyl hydrolase, which shows similarities in the different
levels with the EndoBI-1 amino acid sequence. Bootstrap values are shown on nodes. The

used strains were given with GenBank access numbers.
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Figure 6. The Maximum Likelihood tree obtained using amino acid sequences of EndoBI-1
and different proteins encoding glycosyl hydrolase, which shows similarities in the different

levels with the EndoBI-1 amino acid sequence. Bootstrap values are shown on nodes. The
used strains were given with GenBank access numbers.

Table 3

Information about bacterial strains and target genes used in the thesis

Bacterial Strains Organisms Accession Number Enzyme Codes
B. pullorum Chicken feces WP052122780.1 OU11_RS07620
B. saeculare Rabbit feces KF188990.1 BSAE_0444

B. kashiwanohense Child feces BAQ30016.1 BBKW_1881

B. pseudocatenulatum  Infant feces BAR04361.1 BBPC_1683

B. bohemicum Bumblebee digestive tract ~ KF146963.1 BBOH_0438

3.2.2. Anaerobic Growth Conditions of Bifidobacterial Species

100 mL 60% Glycerol and 500 mL de Man-Rogosa-Sharpe (MRS)+cysteine liquid
medium were prepared before preparing stock culture from bacteria. Glass ampoules
containing lyophilized bacterial cells (freeze-dried cultures) were broken by marking from
the cotton part as recommended by the company in a sterile environment. 1 mL
MRS+cysteine liquid mediumwas added to the lyophilized cells in the broken ampoules and
dissolved by gently mixing with the pipette tip.
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The modified MRS medium with L-cysteine (L-Cys) (0.05%) was used as the
anaerobic medium. L-Cys that is an essential nitrogen source for bacteria, was added into
the MRS medium to reduce the redox potential and provided a better anaerobic environment
for the growth of bifidobacteria. 2.5 liters of Anaerobic jar (Merck) and Anaerocult A
(Merck) were used to keep the internal oxygen, and Anaerotest (Merck) was used to show

that internal oxygen is depleted (Figure 7).

Microbiology
Anaerotest A

Microbiology
Anaerocult A

Anaerobic Jar 2.5 L-volume

Figure 7. Anaerobic jar, Anaerocult A and Anaerotest A used to create an anaerobic

environment.

The inoculation was started by adding 700 pL. from each cell to 15 mL falcon tubes
containing 7 mL MRS+cys medium. The cells were cultured at 37 °C for 48 hours (Figure
8). Then this process was repeated to form a subculture from each cell. The stock cultures
were prepared with a concentration of 15% glycerol (1.5 mL liquid culture + 0.5 mL 60%

glycerol) from each culture after 24 h.
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Figure 8. The anaerobic system used for the growth of Bifidobacteria

3.2.3. Molecular Cloning of Bifidobacterial Genes

Expresso Rhamnose Cloning and Expression System (Lucigen) kit with three
different fusion tags (N-His, SUMO, C-His) was used for the molecular cloning (Figure 9).
This Kit provides faster, and more reliable results compared to other conventional cloning
protocols. In this system, also known as the in vivo cloningsystem, cloning can be performed
by mixing the amplified gene region and vector (provided with the kit) with competent cells
without the need for enzymatic ligation. The linear vector in this system contains 18
nucleotide long sticky ends at both tips. Primers required for the gene amplification can be
designed according to these ends and thus a strong binding can be provided. After cloning,
the production of protein is increased by using rhamnose, and the purification of protein is
carried out by binding to NTA-Ni resin containing columns with the 6xHistidine tag in three
different vectors (pRham™ N-His, pRham C-His, and pRham™ N-His SUMO).
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Figure 9. Molecular cloning strategy and vectors

3.2.4. Primer Design of Target Genes with Different Fusion Tags

Primers were designed to start with the sequences of the sticky ends for each fusion

tag and then continue with the sequences specific to the gene of interest. In this context, the

nucleotide sequences described in the kit and shown below belong to these sticky ends, and

the parts are shown as XXX refer to the respective target gene sequence (Figure 10).
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_Fusion to an N-terminal 6xHis tag (PRham™ N-His Kan Vector):

Forward primer (defined vector sequence includes 6 His codons):

5-CAT CAT CAC CAC CAT CAC XXXa XXX3 XXX4 XXXs5 XXXs XXX7 XXXs

Reverse primer (defined vector sequence includes Stop anticodon):

5-GTG GCG GCC GCT CTA TTA XXXn XXXn.1 XXXn-2 XXXn-3 XXXn-4 XXXn-5 XXXn-6
(XXXn - XXXn-s represents the sequence complementary to the last 7 codons of the target
coding region).

. Fusion to a C-terminal 6xHis tag (pRham C-His Kan Vector):

Forward primer (defined vector sequence includes Start codon):

5’-GAA GGA GAT ATA CAT ATG XXXz XXXz XXXs XXX5 XXX XXX7 XXX
(XXX2-XXXs represents codons 2 through 8 of the target coding region).

Reverse primer (defined vector sequence includes 6 His anticodons):

5'-GTG ATG GTG GTG ATG ATG XXX XXXn-1 XXXn-2 XXXn.3 XXXna XXXn5 XX X6

(XXXn - XXXn6 represents the sequence complementary to the last 7 codons of the target
coding region).

Fusiin to N-terminal tag SUMO Kan Vector

Forward primer (defined sequence includes the last 6 codons of SUMO):
5’- CGC GAA CAG ATT GGA GGT XXX2 XXX3 XXX XXXs5 XXXg XXX7 XXXg
(XXX2-XXXs represents codons 2 through 8 of the target coding region).

Reverse primer (vector sequence includes Stop anticodon):
5-GTG GCG GCC GCT CTA TTA XXX XXXn-1 XXXp.2 XXXn-3 XXXa XXXn-5 XXXn-6
XXX, - XXXn6 represents the reverse complement of the sequence of the last 7 codons of

Figure 10. Primer design for the amplification of target genes with different fusion tags

Primer sets designed to produce five different genes with three different fusion tags
depending on this strategy are given in Tables 4, 5, and 6. The orange sequence is the part
required for binding to the vector, while the blue sequence is the sequence necessary for the

amplification of the target gene.
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Table 4

Designed primers for pRham™ N-His vector for molecular cloning

Primer

Base Sequence (5°-3%)

BBKW 188I1F
BBKW _1881R
BBPC 1681F
BBPC 1681R
OUl1 RS07620F
OUIl1_RS07620R
BBOH 0438F
BBOH _0438R
BSAE 0444F
BSAE 0444R

CAT CAT CAC CAC CAT CAC TTTCCAGGAAGGCGTTTTTCC

GTG GCG GCC GCT CTA TTA TAGCACCGGTCCGATGATGCG
CAT CAT CAC CAC CAT CAC ATGAAACCCCTGTTTCCAGGA
GTG GCG GCC GCT CTA TTA TAGCACCGGTCCGATGATGCG
CAT CAT CAC CAC CAT CAC GGCGCAAGCCATGTGTTTCCC
GTG GCG GCC GCT CTA TTA AGCACGGCCTTGTTGACCTCG
CAT CAT CAC CAC CAT CAC TCATCGACTCATGCGTCTTCG

GTG GCG GCC GCT CTA TTA ATGATGAATAGGAACTTGCAT
CAT CAT CAC CAC CAT CAC TCAGACCTTCCTCCGCTGCCA

GTG GCG GCC GCT CTA TTA ATGGTGTACTACGCGCGTGGC

Table 5

Designed primers for pRham™ N-His SUMO vector for molecular cloning

Primer

Base Sequence (5°-3°)

BBKW 1881F
BBKW 1881R
BBPC 1681F
BBPC 1681R
OUI11 _RS07620F
OU11l _RS07620R
BBOH 0438F
BBOH 0438R
BSAE 0444F
BSAE 0444R

CGC GAA CAG ATT GGA GGT TTTCCAGGAAGGCGTTTTTCC

GTG GCG GCC GCT CTA TTA TAGCACCGGTCCGATGATGCG
CGC GAA CAG ATT GGA GGT ATGAAACCCCTGTTTCCAGGA
GTG GCG GCC GCT CTA TTA TAGCACCGGTCCGATGATGCG
CGC GAA CAG ATT GGA GGT GGCGCAAGCCATGTGTTTCCC
GTG GCG GCC GCT CTA TTA AGCACGGCCTTGTTGACCTCG

CGC GAA CAG ATT GGA GGT TCATCGACTCATGCGTCTTCG
GTG GCG GCC GCT CTA TTA ATGATGAATAGGAACTTGCAT
CGC GAA CAG ATT GGA GGT TCAGACCTTCCTCCGCTGCCA
GTG GCG GCC GCT CTA TTA ATGGTGTACTACGCGCGTGGC

Table 6

Designed primers for pRham C-His vector for molecular cloning

Primer

Base Sequence (5°-3%)

BBKW_1881F
BBKW 1881R
BBPC 1681F
BBPC 1681R
OUl1_RS07620F
OUl1 RS07620R
BBOH_0438F
BBOH 0438R
BSAE 0444F
BSAE 0444R

GAA GGA GAT ATA CAT ATG TTTCCAGGAAGGCGTTTTTCC

GTG ATG GTG GTG ATG ATG TAGCACCGGTCCGATGATGCG
GAA GGA GAT ATA CAT ATG ATGAAACCCCTGTTTCCAGGA
GTG ATG GTG GTG ATG ATG TAGCACCGGTCCGATGATGCG
GAA GGA GAT ATA CAT ATG GGCGCAAGCCATGTGTTTCCC
GTG ATG GTG GTG ATG ATG AGCACGGCCTTGTTGACCTCG
GAA GGA GAT ATA CAT ATG TCATCGACTCATGCGTCTTCG

GTG ATG GTG GTG ATG ATG ATGATGAATAGGAACTTGCAT
GAA GGA GAT ATA CAT ATG TCAGACCTTCCTCCGCTGCCA
GTG ATG GTG GTG ATG ATG ATGGTGTACTACGCGCGTGGC
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The concentrations of the primers (oligomers) were obtained as 100 uM by adding
sterile water in the amounts determined by the company. 10 uM new stocks were prepared

from these stocks to be used in PCR amplification of the target genes.

3.2.5. PCR Amplification of Targeted Genes by Three Vector Primer Sets
(pRham N-His, pRham C-His, and pRham N-His SUMO)

The target genes were amplified with the three different tagged primer sets. As a
positive control, the Blon_2468 gene (EndoBI-1) encoding by the B. infantis strain used in
our Career Project 1172132 wasused. The amplificationwas carried outin 50 uL of the final
volume containing 2 uL of template DNA (bacterial cells), 1 uL forward and reverse primer
at 0.2 uM, 25 uL PCR master mix, 21 uL distilled water (DNase/RNase-free) in all tubes.
After the mixture was prepared, the PCR tubes were put to the Bio-Rad thermal cycler. As
the PCR cycle, the process was first carried out as 1 cycle: 95 °C 5 min (first denaturation
step) for the release of genomic DNA, 40 cycles: 95 °C 30 s (initial denaturation), 60 °C 30
s (annealing step), 72 °C 1 min (elongation step), 1 cycle: 72 °C 10 min (final extension).

Agarose Gel Electrophoresis

The control of PCR products was performed by gel electrophoresis method using
SafeRed loading dye by mixing with the PCR products and DNA ladder at a ratio of 1:5 (5
puL PCR product+ 1 pL SafeRed and 5 pL 1 kb DNA ladder + 1 pL SafeRed) and run on
1% agarose gel at 100 V for 60 min with 1X TBE buffer. PCR products were visualized
under a gel documentation system ST4 1100 (Vilber Lourmat, France). The PCR product
concentrationswere measured by usinga Qubit 3 Fluorometer with adsDNA assay kit before
the molecular cloning step. The concentrations should be in the range required for molecular
cloning (25-100 ng/ uL).

3.2.6. Preparation of Growth Lysogeny Broth (LB) Media

Preparation of LB Agar Medium for Molecular Cloning: 12.5g of LB and 6 g of

agarose were dissolved in 500 mL of dH20 and autoclaved (sterilization at 121 °C for 20
min). 15 mg of kanamycin (30 pg/mL) was dissolved with 1 mL of dH20O and store at -20

°C. Aftertheautoclaving, 1 mL of kanamycin was added into the bottle containingthe sterile
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500 mL of LB agar medium. ~25 mL of LB agar kanamycin media was poured into each

plate in the laboratory cabinet.

Preparation of LB Medium for Colony PCR: 10 g of LB was dissolved with 400 mL

of the dH2O in a bottle and autoclaved (sterilization at 121 °C for 20 min). 12 mg of
kanamycin (30 pg/mL) was dissolved with 1 mL of dH20 and put at -20 °C. After
autoclaving, 1 mL of kanamycin was added into the bottle containing the sterile 400 mL of

LB medium and store at4 °C.

3.2.7. Heat Shock Transformation of His-tagged PCR Products and pRham
Vectors into E. cloni 10G Cells

The Recovery Medium provided with the kit (the medium used for rapid healing of
cells after transformation) was taken from -80 °C to room temperature before cloning. E.
cloni 10G cells at -80 °C thawed completely on wet ice. The amounts of His-tagged PCR
products (N-His, SUMO, C-His) foreach strain in Tables 7, 8, 9 (25-100 ng) were mixed
with 2 pL of pRham™ Vector DNA and added to 40 pL of E. cloni 10G cell. These mixtures
were transferred to 15 mL falcon tubes. All tubes were puton ice for 30 min. The thermal
shock was then performed in a 42 °C water bath for 45 seconds to insertion of the vector and
PCR product into the cell. These mixtures were quickly put on ice for 2 min to close the cell
pores. 960 pL of recovery medium which allowing rapid repair of the cells was put into each
tube. They are incubated at 37 °C for 1 hour at 250 rpm, and these cells were put to the
centrifuge at 4000 rpm for 10 minutes. The different phases were then formed. The
supernatant part was discarded and the formed pellet part was dissolved and homogenized
100 pL recovery medium using a pipette, then cultured in LB agar kanamy cin plates. For the
negative control, only E. cloni 10G cells were cultured on LB agar kanamycin plates. All

plates were put in the 37 °C incubator overnight.
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Table 7

Products and quantities used for the transformation of N-His tagged proteins

Enzyme Codes PCR products pRham Vector DNA E. cloni 10G cell
OU11_RS07620 3 2 40
BSAE_0444 2 2 40
BBKW_1881 3 2 40
BBPC_1683 3 2 40
BBOH_0438 3 2 40

Table 8

Products and quantities used for the transformation of SUMO tagged proteins

Enzyme Codes PCR products pRham Vector DNA E. cloni 10G cell
OU11 RS07620 3 2 40
BSAE_0444 3 2 40
BBKW 1881 2 2 40
BBPC_1683 2 2 40
BBOH_0438 2 2 40

Table 9

Products and quantities (uL) used for the transformation of C-His tagged proteins

Enzyme Codes PCR products pRham Vector DNA E. cloni 10G cell

OU11_RS07620 3 2 40
BSAE_0444 3 2 40
BBKW_1881 3 2 40
BBPC_1683 3 2 40
BBOH_0438 3 2 40

3.2.8. Screening of Transformants by Colony PCR

To confirm all transformants carrying the recombinant genes, colonies were
randomly selected. The target genes were then amplified by PCR using the sequencing
primerssupplied with the cloningkit. If the gene of interestcannotbe inserted into the vector,
there will be no region where these primers can multiply, so there is no band in the gel. In

this way, successful transformants can be distinguished. Firstly, one part of each colony was
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transferred to a PCR tube for PCR amplification, and the other part was inoculated into a
falcon tube (15 mL) with 5 mL LB+kanamycin liquid medium (Figure 11). All falcon tubes

were incubated at 250 rpm 37 °C overnight in a shaking incubator.

All PCR process was performed in the same manner as in step 3.2.5. In this step,
unlike the other step, the sequencing primers supplied with the kit were used instead of the

oligomer primers (Table 10).

PCR tube

LB liquid medium
containing kanamycin

Figure 11. General scheme of Colony PCR

Table 10
List of sequencingprimers supplied with the kits used for gene amplification in Colony PCR.

Kits Primer Code Base Sequence (5°-3°)

N-His pRham Forward GCTTTTTAGACTGGTCGTAGGGAG
pETite Reverse CTCAAGACCCGTTTAGAGGC

N-His SUMO SUMO Forward ATTCAAGCTGATCAGACCCCTGAA
pETite Reverse CTCAAGACCCGTTTAGAGGC

C-His pRham Forward GCTTTTTAGACTGGTCGTAGGGAG
pETite Reverse CTCAAGACCCGTTTAGAGGC

Agarose Gel Electrophoresis for The Control of PCR Products

The control of PCR products was performed by gel electrophoresis method using
SafeRed loading dye by mixing with the PCR products and DNA ladder at a ratio of 1:5 (5
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puL PCR product+ 1 pL SafeRed and 5 uL 1 kb DNA ladder+ 1 pL SafeRed) and run on
1% agarose gel at 100 V for 60 min with 1X TBE buffer. The PCR products were visualized
under a gel documentation system ST4 1100 (Vilber Lourmat, France). To prepare 15%
glycerol stocks of the successful transformants, 500 uL of 60% glycerol and 1500 uL of the
liquid culture of the successful transformants were mixed in the cryotubes. These stocks

were stored at -80 °C.

3.2.9. Sequencing of Related Genes After Cloning

The verification of the targetgene sequences in the genomic DNA and the sequencing
results of the related genes after cloningwere firstanalyzed usingthe Geneious Prime 2020.2
program, and the reading qualities of the sequences were evaluated. Regions with low
reading quality in sequencing results were trimmed appropriately, resulting in a more
accurate and clean result. The correct and clean sequences obtained with 4 different primers
(5 differentprimers forthe enzymes coded BBOH_0438) were combined andthe appropriate
and complete sequences of the related genes and target genes were obtained. All these
sequences were blasted using NCBI Nucleotide Blast with appropriate reference sequences
taken from the NCBI database, and their similarity percentages were detailed and reported.
Besides, multiple alignment analyses (Geneious Alignment) of the target gene and the
related gene sequence results with genomic DNA sequence in terms of both nucleotide and

amino acid were performed in the Geneious Prime 2020.2 program.

3.2.10. Protein Production and Purification

In general, protein production was primarily carried out on a small scale (8 mL). It

was then produced in large quantities using 250 mL of medium.

L-rhamnose Induction of Protein Expression: A preculture was prepared with 1 L

of LB+kanamycin liquid medium. 8 mL of LB medium was put in 50 mL falcon tubes for
each strain. One of the tubes containing only the liquid medium was used as a negative
control. For 20% L-rhamnose as stock; 0.5 g of L-rhamnose was dissolved with 2.5 mL
dH-0. Stored at -20 °C until use it. 10 pL of the bacterial stocks were added into the falcon
tubes containing 8 mL liquid media (vortex them gently). They were then cultured at 37 °C

overnight in an incubator (shaking). 250 mL of LB liquid medium were poured into a
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sterilized 2 L Erlenmeyer flask. After overnight, 2.5 mL of the liquid culture were inoculated
to a 2 L flask containing LB liquid medium at a ratio of 1:100 between the flask and the
medium and incubated rpm at 37 °C for 4 hours at 150 rpm in the shaking incubator. Cells’
optical density was measured at 600 nm (OD600) by a spectrophotometer. When the optical
density of the cells was reached to 0.5-0.6, 2.5 mL of 20% rhamnose (final concentration is
0.2%) were put into the 250 mL LB culture and incubated overnightat 250 rpm and 37 °C
in the incubator. After overnight, the liquid culture was transferred into the 5 x 50 mL falcon
tubes. They were then put into the centrifuge for 15 minutes at 4000 rpm and 4 °C. Two
phases were formed as supernatant and pellet and the supernatant phase was discarded. The

pellet was stored at -20°C until the purification.

Cell Lysis of E. cloni 10G containing His-tagged Enzymes

The pellets from -80°C were dissolved in 5 mL of dH,O and centrifuged for 15
minutes at 4000 rpm and 4 °C. After the formed supernatant part was discarded, the formed
pellet was homogenized with 6300 pL of lysis buffer and 63 pL protease inhibitor (1:100
ratio) for a 50 mL culture pellet. The samples were waited for incubation on ice for 30
minutes, vortex ineach 10 min. After incubation, the mixture with bacteria was homogenized
for the second time with a sonicator. The pulse mode of a sonicator was setas cycleon10 s
and cycle off 59 s, and the amplitude as 37%. After the sonication process (6 pulsesfor 10s
with 1 min cooling), the samples were put into the centrifuge for 45 minutes at 4000 rpm
and 4 °C. All supernatant parts were transferred in a falcon tube and centrifuged again. Then
the formed supernatant parts were collected in a falcon tube and taken 100 pL of the sample
for SDS-PAGE. The concentrations of the cell lysates were measured by using a Qubit 3

Fluorometer.

Purification of His-tagged Enzymes by Batch Method

1 mL of Ni-NTA resin was added into a falcon tube for each protein and centrifuged
for2 min at 700 x g and formed supernatant parts were discarded. Then 2 mL (twice the
resin volume) of the equilibration buffer were added into all tubes and mixed well until the

resin was fully suspended. All tubes were centrifuged for 2 min at 700 x g, and all
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supernatant parts were discarded. The protein extracts and equilibration buffer were mixed
in a ratio of 1:1 in a falcon tube for each protein.

The mixtures were added to the falcon tubes containing resin to bind the proteins to
resin and put on a shaker at 150 rpm during 30 min. All tubes were put into the centrifuge
for 2 minutes at 700 x g, and formed supernatants were discarded. The resin parts were
washed with 5 mL wash buffer and centrifuged for 2 minutes at 700 x g. The washing step
was repeated until the concentrations of the supernatant decrease to the baseline and the
potential pollution was removed by washing. Then 1 mL of elution buffer was added into all
tubesto elute bound His-tagged proteins. The elution step was repeated three times. All tubes
were put into the centrifuge for 2 minutes at 700 x g, and 100 puL from formed supernatant
parts were taken for SDS-PAGE analysis. The concentrations of each supernatant were
measured by using a Qubit 3 Fluorometer. All purified proteins were collected and
concentrated in the Amicon tube (10-kDa cut-off). The concentration of protein was
measured with the Qubit 3 fluorometer using a Qubit protein test kit and 100 uL of the
purified enzymes were taken for SDS-PAGE analysis. All purified enzymes were putinto
new eppendorf tubes and stored them at -80 °C.

SDS-PAGE Analysis of Purified Proteins

SDS-PAGE analysis was performed by using a BioRad protein gel system to
determine the purity of the enzymes. 4% stacking and 12% separating gel were prepared for
the analysis of protein bands. To compare the molecular weight of proteins, a protein ladder
was used. 2X Laemmli sample buffer was added into the samples in a ratio of 1:1. The
samples were then incubated for 5 minutes at 95 °C to denature proteins. The mixtures were
homogenized with a vortex. After the incubation, The 1X running buffer was used for the
running of proteins in the gel. The samples and the protein ladder were loaded into the gel.
The proteins were run firstly at 80 V, and the current was raised to 120 V when the proteins
were moved from the stacking gel to the resolving gel. Proteins separated according to their
molecular weight were stained at 55 rpm for 30 min with Coomassie Brilliant Blue. A
destaining solution (50% dH20, 10% Glacial Acetic Acid, 40% Methanol) was applied for
3 h to ensure clarity of the bands and was changed at intervals.
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3.2.11. Determination of Purified Enzyme Activities on RNase B by SDS-
PAGE Analysis

For the preparation of 0.2 M sodium phosphate buffer (pH 5), 35.60 ¢
Na,HPO,4-2H,0, 23.99 g NaH,PO,-H,O were dissolved separately with dH,0, and each
stock solution volume was adjusted to 1 L in a glass bottle. 50 mL of buffer was prepared by
mixing 38.5 mL of the stock Na,HPO,4-2H,0 and 11.5 mL of the stock NaH,PO,4-H,0 and
the pH was adjusted to 5.

6 uL of dH,0 and 1 pL of RNase B (5 mg/mL) were put into all sample tubes and
control tubes, and the proteins were denatured for 5 minutes at 95 °C. 1 pL of sodium
phosphate buffer were added into all tubes on ice (a ratio of 1:10 between the buffer and the
total volume). 2 uL of purified enzymes and dH,O were added into the sample tubes and the
control tubes, respectively. All reactions were incubated for 1 hour at 37 °C. All samples
were mixed with 2X Laemmli sample bufferin a ratio of 1:1. All samples were incubated
for 10 minutes at 70 °C. All tubes were then put for 2 min on ice, and the activity of all

enzymes on RNase B was controlled by SDS-PAGE analysis.

3.2.12. Preparation of Proteins for Enzyme Kinetics

In addition to Lactoferrin (Lf) and Immunoglobulin G (IgG) pure proteins selected
for use in enzyme kinetics, whey proteins and soy proteins were firstly cleaned from

compounds that could adversely affect N-glycan quantification.

Preparation of Whey Protein Isolate: 150 mg of whey powder was dissolved with 10

mL of dH,0O. To increase the dissolution efficiency, it was kept in a bath of water (60 °C)
and vortexed. The dissolved sample was incubated at 4 °C for 2 hours. The sample was then
putinto the centrifuge for 20 minutes at 4000 rpm and 4 °C to separate the formed fat part
of whey. 40 mL of cold ethanol at a ratio of 1:4 (v/v) was added into the supernatant part
formed after centrifugation and incubated them for 1 hour at -20 °C. The sample was then
centrifuged, and the formed pelletpartwas dissolved 10 mL of dH,0. The process of ethanol

precipitation was applied twice. The final pellet part was dissolved in 10 mL of dH,0 and
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concentrated with a 50 mL 10-kDa-cut-off centrifuge filter. It was ensured that these
impurities were removed with the phenol sulfuric acid total carbohydrate test used in the
quantification of glycans. Qubit Fluorometer 3.0 was used for the determination of the
protein concentrations obtained. The prepared protein isolate was stored at -20 °C until it

was used.

Preparation of Soy Protein Isolate: 150 mg of soy powder was dissolved with 10 mL
of dH,0 (15 mg/mL). The solution was kept in a bath of water (60 °C) for 1 hour and

vortexed intermittently. The pH value of the prepared sample was adjusted to 8.2 with 2N
NaOH. The sample waited for 2 hoursatroom temperature in ashaker incubator. The sample
was then centrifuged for 15 minutes at4 °C and 4000 rpm. The formed supernatant part was
transferred into a new tube and the pH was adjusted with 2M HCI to reach pH 4.8. The
sample was then put into the centrifuge for 2 min at 4000 rpm and 4 °C. The formed pellet
part wasdissolved 10 mL of dH,0 and the pH was adjusted again to 8.2 with 2N NaOH. The

prepared protein isolate was stored at -20 °C until it was used.

3.2.13. Determination of Optimum Reaction Conditions of Purified Enzymes

Optimization experiments for 5 successful enzymes whose activation was tested on
RNase B protein were carried out under 3 different pH and temperature conditions. The
combination of pH 5, 6, 7 and temperature 24, 30, 37 °C conditions was tried for each of the
C1,C2,C3, N3, and N5 enzymes (Table 11). Within the scope of optimization experiments,
2 mL of whey protein, 5 mg of 1gG, and 5 mg of Lf protein mixture were used as substrate.
For each reaction, 15 pL of the substrate, 2.5 pL sodium phosphate buffer, 0.5 uL the
enzyme, and 6.5 pL dH,0 were used. Each sample and control was used with duplicates,
and 0.5 pL of dH,0 was used instead of the enzyme as a control. Firstly, the proteins were
denatured at 50 °C for 10 min. Then sodium phosphate buffer and enzyme were added into
the denatured proteins and incubated at the required temperature conditions overnight. The
amount of glycan obtained as a result of the reaction was measured calorimetrically and the

obtained glycan concentration was determined using the absorbance values obtained.
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Table 11

Optimization condition values tested on enzymes

Enzyme Codes

=
I

Temperature (°C)
24
30
37
24
30
37
24
30
37

C1,C2,C3,N3,N5

~N NN OO0 01O Ol

After incubation was completed under appropriate pH and temperature conditions,
the amounts of released glycan in the sample contents were determined by the phenol sulfuric
acid method. For this analysis, 25 puL of the sample, 25 uL of phenol (5%, m/v),and 125 pL.
of sulfuricacid were mixed usinga 96 microplate, respectively, and incubated for 30 minutes
at 35 rpm, room temperature, and dark condition. The OD was then measured at 485 nm. 1
mg/mL of the stock glucose solution was prepared as standard and was diluted to the
concentrations0.8,0.6,0.4,0.2,0.1 mg/mL. NCSS12 Statistical Software program was used
to evaluate and plot the results. A three-dimensional (3D) surface plot was preferred for the
evaluation and visualization of the results of the study conducted to see the impacts of
different pH, temperature combinations on each enzyme activity.

3.2.14. Determination of Kinetic Parameters of Enzymes

For the kinetic characterization of recombinantly produced enzymes, the substrate
mixture (whey, IgG, Lf, and soy protein) with eight different concentrations determined in
the range of 0.9-7.2 mg/mL was reacted with these enzymes under optimum conditions for
20 min. The amounts of released glycans were determined calorimetrically, and the reaction
rate (v) foreach substrate concentration was calculated based on these glycan concentrations.
Then, the kinetic parameters (Maximum velocity (Vmax), the constant of Michaelis Menten
(Km), Turnover number (kcat), and kcat/km) were determined by considering the slope of

the initial part of the reaction.
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In addition to non-linear regression, Lineweaver-Burk, Eadie-Hofstee, and Hanes-
Woolf methods, which are linearized plotting with linear regression analysis, were used to
reduce the margin of error and potential deviation in the determination of kinetic parameters
(Hanes, 1932; Lineweaver and Burk, 1934; Woolf, 1931). Graphpad Prism 6.0 program was
used for the determination of kinetic parameters, non-linear and linear regression

calculations, and graphing of the obtained results.
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CHAPTER 4
RESEARCH FINDINGS

4.1. Anaerobic Growth of Bifidobacterial Species

In the study of Bacterial growth, one of 5 cells, B. pullorum subsp. pullorum strain
could not be grown. The stock culture of this strain could not be prepared, but the cells that
were added at first by centrifuging the liquid medium of this strain were collected and kept
at -80°C. Since only the genomic DNA of these cells will be used in the continuation of the
thesis, this problem encountered at this stage did not show a restrictive feature in the

realization of thesis studies.

4.2. PCR Amplification of The Target Genes by The Designed Primers

Targeted genes were amplified by PCR as previously mentioned. DNA gel
electrophoresis was performed on all PCR products for the visualization to control the
concentration and the purity of the inserts (Figure 12). The gel images showed that each
amplification was successfully completed as there was only one clear band for each insert.
Thus, the study for the reproduction of the target 5 genes with 3 different primers was
completed with 100% success. Each PCR amplicon was measured by a Qubit 3 Fluorometer
to determine the concentration of the PCR product (Table 12).

(A) (B) ()

Figure 12. PCR amplification of targeted genes by three different vector primer sets. (A)
pRham N-His (B) pRham C-His (C) pRham N-His SUMO. Lanes 1-5 represents
OU11_RS07620, BSAE_0444, BBKW_1881, BBPC_1683 and BBOH_0438 amplification,

respectively.
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Table 12

Measurements of concentration of PCR amplicons by Qubit (ng/uL)

Samples N-His SUMO C-His Final Volume
B. pullorum subsp. pullorum (OU11_RS07620) 9 14.2 10.76 50 uL
B. pullorum subsp. saeculare (BSAE 0444) 24 12.66 11.74 50 uL
B. kashiwanohense (BBKW 1881) 14.6 359 20.6 50 uL
B. pseudocatenulatum (BBPC 1683) 20 353 21.9 50 pL
B. bohemicum (BBOH_0438) 30.8 325 10.4 50 uL

4.3. Heat Shock Transformation of His-Tagged PCR Amplicons and
pRhamTM Vectors into E. cloni 10G Cells

The transformation of His-tagged PCR amplicons and pRham™ vectors (pRham™
N-His Kan, pRham™ C-His Kan, and pRham™ N-His SUMO Kan) into E. cloni 10G cells
were performed by the heat shock transformation method. Firstly, 1-3 pL of the PCR
products and 2 pL of pRham vectors were added into 40 pL of E. cloni 10G cells. The
mixtures were stirred gently with a pipet tip, transferred into 15 mL falcon tubes. All tubes
were put on ice for 30 min. The thermal shock was then performed in a 42 °C water bath for
45 seconds to insertion of the vector and PCR product into the cell. These mixtures were
quickly put on ice for 2 min to close the cell pores. 960 uL of recovery medium which
allowing rapid repair of the cells was put into each tube. They are incubated at 37 °C for 1
hour at 250 rpm, and these cells were put to the centrifuge at 4000 rpm for 10 minutes. The
different phases were then formed. The supernatant part was discarded and the formed pellet
part was dissolved and homogenized 100 pL recovery medium using a pipette, then cultured
in LB agar kanamycin plates. For the negative control, only E. cloni 10G cells were cultured
on LB agar kanamycin plates. All plates were put in the 37 °C incubator overnight. Since
these negative cells do not contain antibiotic-resistant vectors, no improvement should be
observed. In this way, contaminations that could adversely affect the experiment and the
stability of antibiotics were also tested. After the transformations, 20-60 colonies were
obtained as expected (Figures 13 and 14). The growth of these cells ona medium containing
LB agar kanamycin medium was indicated that the kanamycin-resistant vectors were

successfully transferred to the cells.
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Figure 13. Colonies after cloning and transformation of N-His tagged target genes and
vectors. 20-60 colonies were obtained as expected on LB agar kanamycin plates.

Figure 14. Colonies after cloning and transformation of SUMO and C-His tagged target
genes and vectors. 20-60 colonies were obtained as expected on LB agar kanamycin plates.

4.4. Confirmation of Transformants by Colony PCR

Successful transformants were confirmed by the colony PCR method. Firstly, one
part of each colony was transferred into a PCR tube for PCR amplification and the other part
was inoculated to 5 mL LB+kanamycin medium in a falcon tube (15 mL) to be used in case
of positive results. PCR amplification was performed using 1 uL of forward and reverse
primer (sequencing primers provided by the manufacturer), 25 pL master mix, 23 pL of
dH,0. The program was set as previously mentioned. 5 uL of PCR products mixed with
SafeRed ata ratio of 1:1, were run on 1% agarose gel for 70 minat 100 volts and visualized

with the gel documentation system.
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4.4.1. Screening of Transformants for N-His tagged PCR products by Colony
PCR

Figure 15. Gel image of N-His tagged target genes obtained after Colony PCR. Lanes 1-5,
6-10, 11-15 represents OU11_RS07620, BSAE_0444, and BBKW_1881 amplifications,
respectively.

N-His tagged PCR productsafter colony PCR were visualized by gel electrophoresis.
When the gel image in Figure 15 wasexamined, itwas observedthatthe three colonies (lanes
7, 8, and 10) were only successful in the transformation of the target gene OU11 RS07620.

The colony PCR was repeated by increasing the number of colonies tested.

1000bp
750bp

500bp

250bp . e

9 10 11 12 13 14

Figure 16. Gel image of N-His tagged target genes obtained after Colony PCR. Lanes 1-3,
4-6, 7-9, 10-12, and 13-14 represents OU11_RS07620, BSAE_0444, BBKW_1881,
BBPC_1683, and BBOH_0438 amplifications, respectively.
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When the gel image of repeated amplification in Figure 16 was examined, it was
observed that one colony (Lane 2) was successful in the transformation of the target gene
OU11 RS07620,andthreecolonies(Lanes4,5,and 6) were successful in the transformation
of the target gene BSAE_0444. Positive transformants were determined and 15% glycerol
stocks were prepared. After this stage, cloning was repeated for unsuccessful cells, and then
positive transformants were obtained for BBKW_1881, BBPC_1683, and BBOH_0438
(Figures 17,18, and 19). When the gel image of amplification in Figure 17 was examined
after repeated cloning, it was observed that 5 colonies (Lanes 11, 12, 13, 15, and 17) were
successful in the transformation of the target gene BBPC_1683. In Figure 18, lanes 3 and 4
were successful transformants and the base difference between these two bands is related to
the primer sets used. To eliminate a problem caused by primers, both target gene-specific
primer sets (oligomers) and universal sequencing primer sets in the plasmid were used. Since
universal sequencing primer sets replicate a larger region, there is a difference of
approximately 200 bases between the two PCR products.

25000b 250000p
To00000 bp

5000bp

4000bp

3000bp

2500bp

2000bp 2000bp

15000p . 1500bp

1000bp 1000bp
750bp 750bp

5000p 500bp

250bp 250bp

Figure 17. Gel image of N-His tagged target genes obtained after Colony PCR. Lanes 1-10,
11-17 represents BBKW_1881 and BBPC_1683 amplifications, respectively.
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Figure 18. Gel image of N-His tagged BBOH_0438 gene obtained after Colony PCR (Lane
1-5 colonies).

Figure 19. Gel image of N-Histagged BBKW _1881 gene obtainedafter Colony PCR (Lanes
1-5 colonies).

Consequently, positive transformants for all N-His tagged genes were separated from
the unsuccessful colonies. When the gel images were examined, it was observed that almost
all colonies were successful in the transformation of the target genes. 15% glycerol stocks

were prepared fromthe liquid cultures of the successful colonies.

43



4.4.2. Screening of Transformants for N-His SUMO tagged PCR products by
Colony PCR

— wr o S ..
2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 20. Gelimage of N-His SUMO tagged target genes obtained after Colony PCR. Lanes
1-3, 4-6, 7-9, 10-12, and 13-15 represents OU11_RS07620, BSAE_0444, BBKW_1881,
BBPC_1683, and BBOH_0438 amplifications, respectively.

N-His SUMO tagged PCR products after colony PCR were visualized by gel
electrophoresis. When the gel image was examined, it was observed that one colony (Lane
2), three colonies (Lanes 4, 5, and 6), and one colony (Lane 14) were successful in the
transformation of the target genes OUl1l RS07620, BSAE 0444, and BBOH_0438,
respectively (Figure 20).

Figure 21. Gel image of SUMO tagged target genes obtained after Colony PCR. Lanes 1-3,
4-6, and 7-9 represents OU11_RS07620, BBPC_1683, and BBOH_0438 amplifications,

respectively.
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Figure 22. Gel image of SUMO tagged re-cloned genes obtained after Colony PCR. Lanes
1-5 and 6-10 represents BBKW_1881 and BBPC_1683 amplifications, respectively.

The colony PCR was repeated to extra stocks of OU11 RS07620, BBPC_1683, and
BBOH_0438 target genes (Figure 21). When the gel image of amplification was examined,
it was observed that 2 colonies (Lanes 2, 3) and 2 colonies (Lanes 8, 9) were successful in
the transformation of the target gene OU11l RS07620 and BBOH_0438, respectively.
Positive transformants were determined, and 15% glycerol stocks were prepared. The
cloning step was also repeated for SUMO tagged BBKW_1881 and BBPC_1683 genes
(Figure 22). When the gel image of amplification was examined, it was observed that 2
colonies (Lanes 1, 4) and 3 colonies (Lanes 6, 7, 9) were successful in the transformation of
the target gene BBKW 1881 and BBPC 1683, respectively. Consequently, positive

transformants for all SUMO tagged genes were separated from the unsuccessful colonies.
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4.4.3. Screening of Transformants for C-His tagged PCR products by Colony
PCR

i
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Figure 23. Gel image of C-His tagged target genes obtained after Colony PCR. Lanes 1-5,
6-10, 11-15, and 16-20 represents OU11 RS07620, BBKW_1881, BBPC_1683, and
BBOH_0438 amplifications, respectively.

Figure 24. Gel image of C-His tagged BSAE_0444 obtained after Colony PCR (Lanes 1-5).

C-His tagged PCR productsafter colony PCR were visualized by gel electrophoresis.
When the gel image was examined, it was observed that all colonies were successful in the
transformation of the SUMO tagged target genes OU1l RS07620, BBKW 1881,
BBPC_1683, and BBOH_0438, respectively (Figure 23).
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C-His tagged BSAE_0444 PCR products after colony PCR were visualized by gel
electrophoresis. When the gel image was examined, it was observed that 3 colonies (Lanes
1, 3, 4) were successful in the transformation of the target gene BSAE_0444 (Figure 24).
Thus, successful transformants for eachtarget gene were distinguished from the unsuccessful
colonies. According to these results, 15% glycerol stocks were prepared from liquid cultures
obtained from these successful colonies.

In this thesis, bands with expected base lengths for the five target genes with the three
different fusion tags were obtained (Table 13). The cloning processes for 15 enzymes have
been completed.

Table 13

Information about numbers of base-pair and kDa values of target genes.
Locus Tag of Target Genes Number of Base-Pair kDa values
OU11_RS07620 1226 44
BSAE_0444 2811 52.5
BBKW_1881 1302 50
BBPC_1683 1314 47
BBOH_0438 1650 62

4.5. Verification of Target Gene Sequences in Genomic DNA

All PCR products were sequenced to confirm the genes of interest. Sequencing data
for each gene were read with a total of 4 different primers (5 different primers for the
enzymes coded BBOH_0438). The sequences obtained from these readings were compared
with the genomic DNA sequence to check whether there was any mutation. Any nucleotide
or amino acid changes were not detected in the analysis of 5 targeted genes
(OU11_RS07620, BSAE_0444, BBKW_1881, BBPC_ 1684, and BBOH_0438) and
genomic DNA sequences of these genes. As a result of the sequencing of the target gene 2,
nucleotide changes were observed at the end of the sequence due to the reading quality

problem. Similarity percentages for all these analyzes are reported as follows.
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Target Gene-Genomic DNA Sequence Blast and Alignment Analysis:

TargetGene 1/ OU11_RS07620

As a result of the analysis comparing the sequencing result obtained with 4 different
primers for the target gene 1 with the genomic DNA sequence, the similarity percentage was
determined as 100%.

Distribution of the top 1 Blast Hits on 1 subject sequences

FIIIIIIIIIII1IIIIIIIIIIII1IIIIIIIIIIII1IIIIIIIIIIIIrIIIIIIIIIII!FIIIIIIII

1 200 400 600 800 1000

Score Expect Identities Gaps Strand

2119 bits(1147) 0.0 1147/1147(100%) 0/1147(0%) Plus/Plus

Query 1 CCOCGLECGATGECTCTCOGCGECGTCGTCGCGCCGCCCGCCACGGCATATGCCGACGAGL 68
I\IIII\IIIIIIIIII\II\IIII\IIIIIII\II\II\IIII\IIIIIII\II\IIII

Sbjct 88 CGCGGECGATGGCTCTCGGCGECGTCGTCGLGCCGCCCGCCACGRCATATGCCGACGAGC 138

Query 61 CCGCAGCCGCGGACGTCAGCAGTGTCACGAACCCGAACAACCGTCATTTCATGGTGTACT 126

Shjct 148 CCGCAGCCGCGGACGTCAGCAGTGTCACGAACCCGAACAACCGTCATTTCATGGTGTACT 199

Query 121  ACCGTGCGTGGLGTGATGTGACGATGAAGGGTGTGAATACCGATCTGCCGGATGAGAACT 186

Sbjct 288 ACCGTGCGTGGCGTGATGTGACGATGAAGGGTGTGAATACCGATCTGCCGGATGAGAACT 258

Query 181 GGATTTCGATGTACGACATCCCGTATGGCGTGGATGTGGTGAACGTGTTCAGTTATGTGC 248

Sbjct 268 GEATTTCGATGTACGACATCCCGTATGECGTGEATGTGGTGAACGTGTTCAGTTATGTG 319

Query 241  CGGCGGGTCAGGAGGCGGCGECCCAGCCATT AAGGCCGAGTATGCCC 360
) |\||||\||||||||||\||\||||\|||||||\I|\II\IIII\IIIIIII\II\IIII
Shjct 320 CGGCGGETCAGGAGGCGGCGGCCCAGCCGTT AMGGCCGAGTATGCCC 379
Query 381  CGTATCTGCATTCGCGTGGCATCAAGCTCGTGCGCGGCATCAACTACGAACAGGTCACCG 360
) |\||||\||||||||||\||\||||\|||||||\I|\II\IIII\IIIIIII\II\IIII
Sbjct 380  CGTATCTGCATTCGCGTGGCATCAAGCTCGTECGCGGECATCAACTACGAACAGGTCACCG 439

Query 361 TCOAAGGCTTCCGCGACTACATGGCCGATCTGEACAAGACGGCCGATGAGGCCACCGAGE 426

PECLTLETTEECEEr e e e e e e L R e e
sbijct 448  TCGAAGECTTCCGCGACTACATGGCCGATCTGGGCAAGACGGCCEATGAGECCACCGAGE 499

Query 421 CCGACTATGATGCCTATGCGCTTGAGATCATCGACGAGTACATGACCTCGGTCGGLCTGE 486

) |\||||\||||||||||\||\||||\|||||||\I|\II\IIII\IIIIIII\II\IIII
Shjct 588  CCGACTATGATGCCTATGCGCTTGAGATCATCGACGAGTACATGACCTCGETCGGCCTGG 559

Query 481  ACGGTCTGGACATCGATATGGAGACCTATCCGACCGACGUGGATGTGGCGATTTCCGATA 548

Sbjct 56@  ACGGTCTGGACATCGATATGGAGACCTATCCGACCGACGCGGATGTGGCGATTTCCGATA 6189

Query 541  ACGTGATCCGUGCCCTGTCCAAGCACATCGGCCCCAAGTCGGACGATCCGGATGGCALGA 6e8

I\IIII\IIIIIIIIII\II\IIII\IIIIIII\II\II\IIII\IIIIIII\II\IIII
sbjct 628  ACGTGATCCGOGCCCTGTCCAAGCACATCGGCCCCAAGTCGGACGATCCGGATGGCACGA 679

Query 601 TGTTCCTGTACGACACCAACGECAGCAACACCAAGCCGTTCGCOAACGTGGCGRACTGCT 666

) |\||||\||||||||||\||\||||\|||||||\I|\II\IIII\IIIIIII\II\IIII
Sbjct 680  TETTCCTGTACGACACCAACGGCA AGCCGTTCGCGAACGTGECGGACTGET 730

Query 661 TCGACTACGTGGCCTACCAGCAGTACGGCTCCACATCGACCCGCACCGLCGOOGLCGTCE 728

I\IIII\IIIIIIIIII\II\IIII\IIIIIII\II\II\IIII\IIIIIII\II\IIII
sbjct 748  TCGACTACGTGGCCTACCAGCAGTACGGCTCCACATCGACCCGCACCGCCGECGCCGTCE 792

Query 721 CGGACTACTCGCCGTACATCGECGLCGACAAGTTCGTGCCCGGLCTGGCCTTCCCCGAGE 786

Shjct 888 CGGACTACTCGCCGTACATCGECGCCGACAAGTTCGTGCCCGGCCTGGCCTTCCCCGAGG 859

Query 781 ACCACAACCGTTGLTATGACGCCACGGAGCCGTATACGGACAGLCACATCTACG 848

) |\||||\||||||||||\||\||||\|||||||\I|\II\IIII\IIIIIII\II\IIII
Sbjct 860 ACCACAACCGTTGGTATGACGCCACGGAGCCGTATACGGACAGCCACATCTACG 910

Query 841 ACATCGCGTCGTATGTGCGTGACAACGGCCTCGRCGGCATGTTCCTGTACGCGCTTGACC  9a8

Sbjct 920  ACATCGCGTCGTATGTGCGTGACAACGGCCTCGGCGGCATGTTCCTGTACGCGCTTGACC 979

Query 901 GCGACGGCCGCACCTACGAGGLCGAGGACTGGAGCCACATCGTCCCGTCGAACCTGLTGT 9468

EELLLELCELEEEEEL L CEL L EEL LTI LT
sbjct 980  GCGACGGCCGCACCTACGAGGCCGAGGACTGGAGCCACATCGTCCCGTCGAACCTGCTGT 1639

Query 961 GGACCAAGACCGCCATCGCTGAGTCGLAGRACATGACGATGGAGCAGGCCAAGGLC 1828

Sbjct 1848 GGACCAAGACCGCCATCGCTGAGTCGCAGGACATGACGATGGAGCAGGCCAAGGCC 1899

Query 1821 CGAACCACTACATCGAGCGCATGTCGCTGACCGAGGARGGGE

CTGCC
FELLLELLELECLLELLEECE LT ELL L]
CTGCC

GA 1828
|
Sbjct 118 CGAACCACTACATCGAGCGCATGTCGCTGACCGAGGAAGGGE

115¢

Query 1881 ACGCCGAGLACGCACTCGAAGCCOTGGAACAGGLCACGAACCTCTACGAGGTCAACAAGG 1148
Sbict 1160 ACLUAGABECTUMAM MBI B IAI AN 121
Query 1141 CCGTGCT 1147
Sbjct 1228 ééé%éé% 1226
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As a result of the alignment performed using Geneious Prime 2020.2 program for

target gene 1 and genomic DNA sequence, 100% similarity was determined.

1

Template 1

Consensus

Identity
e 1.1

[e 2. Template 1

1 Template 1
100%
100%
100 0 30 an 500 600

Target Gene 2/ BSAE_0444

As a result of the analysis comparing the sequencing result obtained with 4 different

700

800

500

1,000

1,100

123

primers for the target gene 1 with the genomic DNA sequence, the similarity percentage was
determined as 99.86%.

Distribution of the top 1 Blast Hits on 1 subject sequences

| | | . | |

1 250 00 750 1000 1250
Score Expect Identities Gaps Strand

2628 bits(1423) 0.0 1428/1430(99%) 1/1430{0%) Plus/Plus
Query 1 GGECCOATGCCEGCAGCEECGAACGLCACGACCAGGACAGTCATGACGGCGACCGCCGAAC 68
sopce 30 botlohttl el AL MR UL LS &
Query 61 CCGTTOLGACGAGCGAATCGTCOGGLGGEATTCTGEGTTCCGGCATCGTCGTGTTTCCCGG 128
Sojct s LLbTTGLGAlGARBAMUGHLbGtMAT TGS UM 120
Query 121  AATCGCCTTCACCCGGGGCTTCGGTCTTGCCTTCAAGGGCGGCCTTAATGCCGGCGRLCC 188
sojct 150 AANGLHTOALUSUL TG HE AR ME T AATLSERE 200
Query 181  AGGATTCGACCTGCTCGGCCGTGTAGGTCTTGCCGGTCAGGCCATCGATCGCGGCGTCGE 248
sogce 210 AMATRUAAMHEUHHHHE UG U RIEEHE 26
Query 241  GGGCCGCGCGGACGGCGGCCTTGATATCGGCGCTGGTGGCGTCGGCCTCCAGCACCGTGE 388
sojce 270 bt EUHUIHEHHEEHEHEUEEY 55
Query 381 CCGCCTCGGCGATCAGTTCCTCCAACTCGGCGGTGTCGATGTCCAGCAACCCAGCCTCCA 368
sojce 330 CLLLEHMMBHHAHU LA RH UMY, 550
Query 361 GGGTCGGATCGTAGGTGTTGCTGAACCCTTCACCATAGTCGCCGCCGAGCACGGCCTTGT 428
Sojct 300 GAUTCOGATLTASTEMTCTEARMEHALATAS L G EASCALALE AT aco
Query 421  TCACCTCGTACAGGTTCGTGCCCTGCTCCACGGCCGCACGCGCGTCGTCCGCGCTCACGG 488
Sojct ase  TALCIUTACAMHIELTALEL TGS LA T LB TEAE  ses
Query 481 ACATGCGGTCGATGTAGTGGTTGGCCGLGE 548
oo o DLLIUTTITATITROOTI T
Query 541  CCTTCGCCCGATCCAGCGGCATGCCCTGGGACTCGGCGATGGCGETCTTGGTCCACAGCA 588
Sojct 570 CLTTCOMUAUACEATEUIUAALTIEGECOATER AT TG EAALA 620
Query 681 GGTTCGACGGGACGATGCGGGETCAGATCCTCCTCGTAGTTGCGGCCGTCGCGATCGAGCG 668
Shjct 630 GOTTCOMAMOALATELCTAGKIA LG TAG Lol atabTLedds  se
Query 661  CGTACACGAACATGCCACCAAGCTTGTGCTCGTTGACGTACGAGGCGACCTGOTAGARAT 728
Shjct 690 COTACAMAMCATALACCARGLITIGLHGHHGACCTALbAGKALCTAbTAGMAT 722
Query 721 ACCAGCGQTTGTTCATGTCGCCTTCCTCCG 788
sbjct 758 llllHlll”llllllllllllHlll”lllll[lju:‘SGl‘l[thli‘l"l'c‘,H'Gl‘l'ét‘iécl‘l"lrtlj(‘:‘l'clcl— sos
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Query 781 GGGAGGGTCAGACCGLECACARACTCGLTGCCGATGTGCGGEGCGTAGTCGLCGAACGLG 848

Sbjct 809 GGEGAAGGTCAGACCGGEECACAAACTCGCTGCCGATGTGCGEEGCGTAGTCGCCGAALG 868
Query 841 GCTCGGCGTTCGAGCCGTACTGCTGGTAGGCCACGTAGTCGAAGCAGTCC 988
NSt it i i
Query 9081 GCCACGTTCCAGAACGGCGCCAGATCGGACGCGTTGGTGTCATACAGGAACATCGTGCCG 960
NSO e
Query 961 TCGGACTTGGGGCCGATGTGCTTGGACAGGGCGCGAATCACGTTATCGGAG 1820
et o WAL UTDTIIR T
Query 1821 TCGGCCTCATCCGGATGCGTTTCCATATCGATATCCAGGCCGTCCAAGCCG 1880
NS i

Query 1881 ACCGAGGTCATGTACTCGTCGATGACCTGCAAGGCGTACTCGTCGTAGTCGGCCTCGGTG 1148

Shjct 1189 GETCATGTACTCATCGATGACCTGCAAGGCGTACTCAGTCGTAGTCGRCCTCGGTG 1168
Query 1141 TCGETCAACCCCTTAECCTCGATGAAGTCGCGGAACCCAGTTGACGATCACA 12688
|||||||||||||||||||||||||||||||||||||||||||||||||\HHIIIIH
Sshjct 1169 GOTCAACCCCTTARCCTCGATGAAGTCGCGEAACCCATTRACGATCACA 1228
Query 1281 CCACACCOCGCACGAGCTTGATGCCGCGCGAATGCAGATACGRGGLGTAG 1268
|||||||||||||||||||||||||||||||||||||||||||||||||\HHIIIIH
Shjct 1229 CACACCOCGCACGAGCTTGATGCCGCGCRAATECAGATACGROGLGTAG 1288
Query 1261 TCAGCTTGTCOTAATACGGCTGGGCCAGCTCCTCCTGACCCGACGRAACATAA 1328
) |||||||||||||||||||||||||||||||||||||||||||||||||\HHIIIIH
Shjct 1289 TGTCGTAATACGGCTGGGCCAGCTCCTCCTGACCCGACGGAACA 1348
Query 1321 ACATCCACGUCATACGGGATGTCATACATCGAAATCCAGTTCTCA 1388
) |||||||||||||||||||||||||||||||||||||||||||||||||\HHIIIIH
Shjct 1349 GCCATACGGGATGTCATACATCGAAATCCAGTTCTCA 1488
Query 1381

TCCGGCAGATCCGTATTCACACCCTTCATCGTCACATCACGCCACECGLG 1436
CLLLLECLT LR et e e L ey |
TCCGGCAGATCCGTATTCAC

Shjct 1489 ACCCTTCATCGTCACATCACGCCACGCGCG 1458

As a result of the alignment performed using Geneious Prime 2020.2 program for
target gene 1 and genomic DNA sequence, 99.798% similarity was determined. A few

nucleotide changes were detected at the end of the target gene sequence due to poor reading

quality.

2 Template 2
2 99,798%
Template 2 99.798%

1 10 0 E) am 500 00 0 B0 %0 1,000 1100 1200 120 140 14
Consensus

ey |

fe 1.2
Ce 2. Template 2 I

Target Gene 3/ BBKW_1881
As a result of the analysis comparing the sequencing result obtained with 4 different

primers for the target gene 1 with the genomic DNA sequence, the similarity percentage was
determined as 100%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query
| | | 1 1 |
1 200 400 600 800 1000
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Score Expect Identities Gaps Strand

2124 bits(1150) 0.0 1150/1150({100% 0/1150(0%) Plus/Plus

Query 1 GGCACATGGTCGTGGATCACETTCACGCGAACGECGGLTAAGA 68
) |\\\\II\\\III\IIII\|||||||||||||||\||||\\|||\\|||\\\||\\\|H

shjct 56 CCEGCACATGGTCGTGGATCACGTTCACGLGAACEECGGCTAAGA 115

Query 61 AATTGCCGGAGCCCTGGTTCGG GGACGTGACCACAACCCCCTCATACGAGT 128

GECGGCTATETGE
‘ FELLCECLDLELL L L VL L LT
Sbjct 116  AATTGCCGGAGCCCTGGTTCGGCGGCTATGTGGACGTGACCACAACCCCCTCATACGAGT 175

Query 121  TCGAATCCAAGGTGGGCAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGCCGGCG 188

EECCLECLDLEL LT ELEEEE L DL LT
Sbjct 176  TCGAATCCAAGGTGGGCAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGCCGGCE 235

Query 181 GCCAGCCAAGCTGGGGCGGCTATTACACGCTTGATGAAGCGGCCTCCACACTTG 248

‘ I\\\\II\\\III\IIII\IIIIIIIIIIIIIII\IIII\\III\\III\\\II\\\IH
sbjct 236 CTECCAGCCAAGCTGAEECEECTATTACACGCTTGATGAAGCGGCCTCCACACTTG 295

Query 241  ATCTTGACAGTCECATCGCGCAAACCTACAAMACCGACCGCACGGTAACCGTCAGCTTCG  3@@
FLLLLELEEEREEE LR EEEEE LTI

Shjct 296  ATCTTGACAGTCGCATCGCGCAAACCTACAAAACCGACCGCACGGTAACCGTCAGCTTCG 355

Query 381 GCOGGCAGAACGGECACCEAACTEECCGLCGCATGCACCGACGTCGACGCACTTGCCAACG 368

Sbjct 356 GLOGGECAGAACGECACCEAACTEECCGCCGCATGCACCGACGTCGACGCACTTGCCAACG 415

Query 361  CATACCAGCAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAARACA 428

FLLCLECLEEL L L LR LT LT
Sbjct 416  CATACCAGCAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAARACA 475

Query 421  CGAATCTCGACGGCTACAGTGAAACCGCAACCCGGCGAGCGCAAGCCGTGETARAACTCA 488

FCCLLECLLELLCE L L L EE L LT EL T
Sbjct 476  CGAATCTCGACGECTACAGTGAAACCGCAACCCGGCGAGCGCAAGCCGTGGTARAACTCA 535

Query 481 AAMAGACGACACCAGTCACGATCTGATCATCA 540

‘ I\\\\II\\\III\IIII\IIIIIIIIIIIIIII\IIII\\III\\III\\\II\\\IH
Sbjct 536 AAAAGACGACACCAGTCACGATCTGATCATCA 595

T T T T T T **

Shjct 596 GCCTGACGCTTCCAGCCGACGCGARAGGCCTTACAGCGCAAGGAATGCAAACCGTGAATG 655

Query 681 COTTTCTGEATGCTGGCETGACACTCTCCACCGTGAATCTCATGACCATGEATTTCAACG 668

Sbjct 656 COTTTCTGGEATGCTGGCGTGACACTCTCCACCGTGAATCTCATGACCATGEATTTCAACG 715

Query 661  TGGCATCCACGTCGATCACACAATCCACCCTGATTAAAMAGCTCATTGAACGCGGCCCACG 728

EECCLECLLLERLLE L L L L LR E LT ELLLL LT
Sbjct 716 TGGCATCCACGTCGATCACACAATCCACCCTGATTAAAAGCTCATTGAACGCGGCCCACG 775

Query 721  CGCAATACAAAACCTTACTGTACAGTCGCGGCAGACTCTTCAGCGACCATCAGATCTGRG 788

I\\\HI\\\III\IIII\IIIIIIIIIIIIIII\IIII\\III\\III\\\II\\\IH
Sbjct 776  CGCAATACAAAACCTTACTGTACAGTCGCGGCAGACTCTTCAGCGACCATCAGATCTGGG 835

Query 781  AACTGCTGGGAGCCACCGTGCTCATCGGCCAGAATGACACCAAAAACGAGTATTTCACGC 840
PECLCECLLLELE L EL L L LT

Sbict 836  AACTGCTGGGAGCCACCGTGCTCATCGECCAGAATGACACCAARAACGAGTATTTCACGE 895

Query 841  TCGACAATGCGCGCGAGATCAACACGTTCGCGCTGGAAACAAGCCTGGGACACTTAAGCA 988
PECLLEECCLE L P ELEEEE T L LT

Shjct 896 TCGACAATGCGCECGAGATCAACACGTTCECGCTGGARACAAGCCTGAGACACTTAAGCA 955

Query 981  TGTGGTCGTTGAACCGCGACCAGCAATGCGGCGAAAACTATACGAACACAMACACGCTCA 968
LLLLLEECLL L LT LLL P L LT
Sbjct 956  TGTGGTCGTTGAACCGCGACCAGCAATGCGECGAAAACTATACGAACACAAACACGCTCA 1@15

Rt .
Sbjct 1016 AAACGTTCTGCAGCGGCAGGAAACAGACGGACGGCGAATTCGCCACCACTCTGGGATCAG 1875

Query 1021 GATTCCGAGGCACACCGEGCACGCTCGTCGATTTCGACAACACAAGCTGGAATTCCTCTC 1680
IIIII\\\\\IIII\IIIHI\\\IIIII\\\\\IIIIIIIIIII\\\\IIIII\\\\H

Sbjct 1876 CCEAGGCACACCGGGCACGCTCGTCGATTTCGACAACACAAGCTGGAATTCCTCTC 1135
Query 1821 AGCAGGCCTACCCCACATGGGAGCCAGACGTACTGTACAAGCAAGGCGACAAGETGATCT 1148
Sojct 1136 AMAUTMUIMESEMATA A MME AT 115
Query 1141 GGAACGGCAA 1158

[T
Sbjct 1106 GGAACGECAA 1205

As a result of the alignment performed using Geneious Prime 2020.2 program for target gene
3 and genomic DNA sequence, 100% similarity was determined.

3 Template 3
3 100%
Template 3 100%
‘1 'H?D ZPD EPD 4IDD SPD EQD 7I?D E\QD DPD 'L?DD '\,'1 00 1,2‘00 'LZ%E
Consensus |
ey |

[e1.3
[e 2. Template 3
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Target Gene 4/ BBPC_1684
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for the target gene 1 with the genomic DNA sequence, the similarity percentage was

determined as 100%.

Distribution of the top 2 Blast Hits on 1 subject sequences

1 200 400 600 00 1000 1200
Score Expect Identities Gaps Strand
1293 bits(700) 0.0 700/700(100% 0/700(0%) Plus/Minus

Query 1 GACGTGGACGCCACGTTGAAATCCATGGETCATGAGATTCACGETGEATAGCGTCACGCCG 66

CECTRREELEECEEEE e et e e e e e et rerr
Sbjct 748 GACGTGGACGCCACGTTGAAATCCATGGTCATGAGATTCACGETGGATAGCGTCACGCCG 681

Query 61 GCATCCAGAAACGCGTTCACGGTTTGCATTCCTTGCGTTGTAAGACCTTTCGCGTCGGCC 128

ECLLEEEEEEEE e e e e et e e eyl
Sbjct 688 GCATCCAGAAACGCGTTCACGGTTTGCATTCCTTGCGTTGTAAGACCTTTCGCGTCGGCE 621

Query 121 GGAAGCGTCARACTGATGATCAGATCGTGACTGGTATCGTCTTTCCCTTTGTTTTTGGET 186

Shjct 620 GGAAGCGTCAAACTGATGATCAGATCGTGACTGGTATCGTCTTTCCCTTTGTTTTTGGCT 561

Query 181 TTTTCGTTGGCGATGAGTTTTGCCACGGCTTGCGCTCGCCGGGTTGCGGTTTCGCTGTAC 246

Sbjct 5608 TTTTCGTTGGCGATGAGTTTTGCCACGGCTTGCGCTCECCGEETTECGATTTCGCTGTAC 501

Query 241 CCGTCGAGATTCGAGTTTTCGATGTCGAAGTCGAGCGAGGTGATATGATAGCGGTCGATL 6@

CCLCELEEEEEE e e e et et e et
Sbjct 588 CCGTCGAGATTCGAGTTTTCGATGTCGAAGTCGAGCGAGGTGATGTGATAGCEGTCGATC 441

Query 381 ACCTGCTGGTATGCGTCGGCAAGGGAATCGACGTCGGAACATGCACTGGCAAGTTCGGTG 366

FECLRLERCLELEEEEEEE e et L e rern
Sbjct 448 ACCTGCTGGTATGCGTCGGCAAGGGAATCGACGTCGGAACATGCACTGGCAAGTTCGGTG 381

g ittt .
Sbjct 388 CCGTTCTGCCCGCCGAAGCTGACGGTTACCGTGCGATCGGTTTTGTAGGTTTGCGCGATA 321
Query 421 GCTTCGTCGAGCGTGTAGTAGCCGCCCCAGCTT 436
, II\IIIII\IH\III\II\\II\IIIIIHII\III\III\II\\IIIH\II\\II\I
sbjct 328 AGECCECTTCGTCRAGLGTETAGTAGCCGCCCCABCTT 261

Query 481 GGCTGGCAGCCGTCGCCGGCGGTGACGAATCCGAGAATCACATTCCGGTAGACGTTGCCT 546

Sbjct 260 GGCTGGCAGCCGTCGCCGGCGGTGACGAATCCGAGAATCACATTCCGGTAGACGTTGCCT 201

Query 541 ACCTTGGATTCGAACTCGTATGAGGGTGTTGCGGTCACGTCCACATAGCCGCCGAACCAG ©0e

H\IIIII\III\III\IIHII\IIIII\\II\III\IH\II\\IIIII\II\\IIH
Sbjct 288 ACCTTGGATTCGAACTCGTATGAGGGTGTTGCGGTCACGTCCACATAGCCGCCGAACCAG 141

Query 681 GGTTCCGGCAATTTCTTAGCCGCCGTTCGCGTGAACGTGATCCACGACCATGTGCCGGCC 668

EELERLERCEELEEE P L e L e e e e rrenr
Sbjct 148 GGTTCCGGCAATTTCTTAGCCGCCGTTCGCGTGAACGTGATCCACGACCATGTGLOGGEC 81

Query ©61 GUGACGAGCGCGATGCACAGTATCGCTATGAACAGTCGGA 7ed

CCLCCLELEEELEL L e e el
Sbjct 88  GCGACGAGCGCGATGCACAGTATCGCTATGAACAGTCGGA 41

Query 695 GTCGGATCACGCAATCCATGCTGATCARAAGTTCGCTGAACGCGGCCCACGCGCAATACA 754

Sbjct 738  GTC-GATCACGCAATCCATGCTGATCAAAAGTTCGCTGAACGCGECCCACGCGCAATA 796
- TTTTTTTTTTTTTTT?TT?T?T\||\|\TTTTTTTTTTT?TTTT?TTTT??TTTT?TTTT .
Sbjct 797 TTGCTGTACAGTCGCGGCAAACTCTTCAGCGACCATCAGATCTGGGAGCTGTTGE 856

Query 815 GAGCCACCGTGCTCATCGGCCAGAACGATACCAAARACGAGTATTTCACGCTCGACAATG 874

) III\II\I\II\II\IIIIIII\II\I\II\IIIIIII\II\I\\I\IIIII\II\I\II
Sbjct 857  GAGCCACCGTGCTCATCGGCCAGAACGATACCAAAAACGAGTATTTCACGCTCGACAATG 916

Query 875 CGCGCGAAATCAACACGTTCGCACTGGARACAAGCCTGGGCCACTTAAGCATGTGGTCGE 934

Sbjct 917 CGARATCAACACGTTCGCACTGGAAACAAGCCTGGECCACTTAAGCATGTGGTCEC 976

Query 935  TGAACCGCGACCAGCAATGCGGC ATACGAACACCAACACGCTCAAAACGTTCT 994
) III\II\I\II\II\IIIIIII\II\I\II\IIIIIII\II\I\\I\IIIII\II\I\II

Sbjct 977  TGAACCECGACCAGCAATG CGAACACCAACACGCTCAAAACGTTCT 1036

Query 985 GCAGCGGCATGARACAGACGGACGGCGAATTCGCCACCACATTGEGGTCAGGATTCCGAG 1854

Sbjct 1037 GCATGAAACAGACGEACGGCGAATTCGCCACCACATTGEEGTCAGGATTCCGAG 1896

Query 1855 GACAATGCCAGCTGGAATTCCTCGCAGCAGGCCT 1114
) III\II\I\II\II\IIIIIII\II\I\II\IIIIIII\II\I\\I\IIIII\II\I\II

Sbjct 1097 CCAGCTGGAATTCCTCGCAGCAGGECT 1156

s i

Sbjct 1157 GGEAGCCAGACGTACTGTACAAGCAAGECGACAAGETGATCTGGAACGGCA 1216

Query 1175 GAATCGTTEGGC AACAACGAAAACGAGCA

CGAGGAAGGCA 1234
|

GCCGGACAGCGC
III\II\I\II\II\IIIIIII\II\I\II\III FLLLLLTTELLL
GCCGEACAGCECCGAGGAAGGCA 1276

|
Sbjct 1217 TTEGGCAACAACGAAAACGAGCA
Query 1235 CGAACGCACCGTGG 1248

[LLLTLETTILLLT
Sbjct 1277 CGAACGCACCGTGG 1298
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As a result of the alignment performed using Geneious Prime 2020.2 program for

target gene 4 and genomic DNA sequence, 100% similarity was determined.

4 Template 4
4 100%
Template 4 100%
100 20 30 400 500 600 70 800 %0 1,000 1,100 1,200 1,308
Consensus
ey
L 1.4
[e 2. Template...

Target Gene 5/ BBOH_0438
As a result of the analysis comparing the sequencing result obtained with 5 different
primers for the target gene 5 with the genomic DNA sequence, the similarity percentage was

determined as 100%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query

1 | 1 | 1 |
1 300 ao0 200 1200 1500
Score Expect Identities Gaps Strand
3005 bits(1627) 0.0 1627/1627(100%) 0/1627(0%) Plus/Plus
iR
sbjct 3 ATCGACTCATGCGTCTTCGCAACATGAGCAACGTCCCAGATCCAGATATCAACCCGGLAA 62
Query 61 CAACCACGGAAACACCCGTCTTTGCCAAGCCTTGTCCTTGATTCT 128

. I\HIIIIII\HIIIIII\\I\IIIIII\IIIIIIIH\I\IIIIII\IIIIII\I\\I
sbjct 63 CAACCACGGAAACACCCGTCTTTGCCAAGCCTTGTCCTTGATTCT 122

Query 121 TCGAGGTCGAAGCAGTGGCAGGGTCATGAGCATTAAGCGATGTGCACAACGTCGTACCCG  18@

NN RNy snnyyy!
Sbjct 123 TCGAGGTCGAAGCAGTGGCAGGETCATGAGCATTAAGCGATGTGCACAACGTCGTACCCG 182

e ittty R

Sbjct 183 GTTGTTTGGCGTCCTTTACCGGTGCGGGAGCA GCTTTAGTCAGTGCAT 242

Query 241 CACTCCACTGAGCGACCTGAACCTGCGCATAGCTCTTGGCAGCAATCCCCTGAGCCGCTE 30

CELELLELE L R LT L R
Sbjct 243  CACTCCACTGAGUGACCTGAACCTGCGCATAGCTCTTGGCAGCAATCCCCTGAGLCGCTG 382

Query 381 AATCCCTTGCAACCCGCAGCGCTGCAAATTCTTCACTGCTCGTTTTGACAGTTGCGACAT  36@

PLLELLELEEE L R L LRI ]
Sbjct 383  AATCCCTTGCAACCCGCAGCGCTGCAAATTCTTCACTGCTCGTTTTGACAGTTGCGACAT 362

Query 361 TCAGAATCGAATCTGCCTTGTCCATCAACGTCAATAAGCCGTTCABATCAACACTTTCCA 428

RN NN na e snnnyyy!
Sbjct 363 TCAGAATCGAATCTGCCTTGTCCATCAACGTCAATAAGCCGTTCAAATCAACACTTTCCA 422

ot ittt it

Sbjct 423 GTTGGCGTTCTAGTGTTGGATCGTAGATCTTGCTATATCCGCCGGTGTAATCGGGCCCCA 482

Gttt

Sbjct 483 CAACGCCTTGTTAGCCTCGTAGATATTGGTCGCAGACGAGACCGCATCACCGACCGACT 542

Query 541 TCGGCGCAGGACTGC TATATGACATTCTCAACAAATAGTGGTTTGCCGCTGCTTTTGACT  6o@

PLLELLEELLE LT R L LT R E L] L]
Sbjct 543  TCGGCGCAGGACTGCTATATGACATTCTCAACAAATAGTGGTTTGCCGCTGCTTTTGACT 602

Query 61 TGGCAAGGCTCATGCCTTGGCTCTGCGCAACGGCAGTTTTGGTCCACAACATCGTCGAAG 66@
Il

DLLEELET et e e e L L LRI L]
Sbjct 683  TGGCAAGGCTCATGCCTTGGCTCTGCGCAACGGCAGTTTTGETCCACAACATCGTCGAAG 662

Query 661 GCAAGATATGGTTCARATCCGGGTCACCATACGTACGCCCGTCACGATCAGGAGCATACA 728

IH\IIIIII\HIIIIIHHHIIIIHIIIIIIII\HHIIIIHIIIIIIHHI
Sbjct 663  GCAAGATATGGTTCAAATCCGGETCACCATACGTACGCCCGTCACGATCAGGAGCATACA 722

T it .

Sbjct 723 GGAACATACCACCTAGACCATGATCTCTGACATATGAGGACACAGAATTGATATGACTGC 782

Query 781 TCGTATAAGGTTCCACGGCATCATACCAACGATTATTCTTGTCCTGTTCCTCGGGGAACG  B4a

PLLELLEELLL L L LR L L L LT L]
Sbjct 783  TCGTATAAGGTTCCACGGCATCATACCAACGATTATTCTTGTCCTGTTCCTCGGGGAACG 842

Query 841 TCAGACCAGGAACGAACCGGTCCCTACCGATCAGATCCTGATAGTCGTTCAATGCCGAAG 2908

PELLELLEL e L L L LR L L LR LT
Sbjct 843  TCAGACCAGGAACGAACCGGTCCCTACCGATCAGATCCTGATAGTCGTTCAATGCCGAAG 902



e T T T AT 2

Sbjct 903 CCGTACGCGCCGCGTCATCACCATATTGCTGATAGGCCACGTAGTCGARACAGTCACTGA 262

Query 961 CGTTGCGTAAAGGACG TCGCTTCCGTTGGTGTCA GCATTGTGCCATTGT 1828

Sbjct 963 CGTTGCGTAAAGGALG TCGCTTCCGTTGGTGTCATATAATAGCATTGTGCCATTGT 1822

e - ﬁ?ﬂﬂ?????f?’?‘ﬁ|’?Tﬂ?ﬁ"ﬁ‘?f?iWﬁﬂf’?ﬁﬁﬂﬁ??T?T??ﬂ?\Tﬂ o

Sbjct 1822 TCGCTTTGGGGCCGACCAACGTCGAAAGCGCTTTGATCACGCCATCGGAGAGCTTGATCT 1882

Query 1881 GCTCGGTGGTGGGACGAGTCTCCATGTCAATATCCAGACCATCGAGTCCCCACGCATCCA 1148

Sbjct 1883 GCTCGGTGGTGGGACGAGTCTCCATGTCAATATCCAGACCATCGAGTCCCCACGCATCCA 1142

Query 1141 TCAGCTCGCTTTTCAGCTGCTTGGCATAGTCGAGATATTCGGTCTCGGTGGGTTCGGCAC 1228

Sbjct 1142 TCAGCTCGCTTTTCAGCTGCTTGGCATAGTCGAGATATTCGGTCTCGGTGGGTTCGGCAC 1282

Query 1281 TGGCATGAGGAACACGCAACAGTTTTCCATAGTC TCGCACCAGCTTGACACCAC 1268

HHHHH|H\HII\IHIH|HIHHIIHHIHHIII\HIHHHHI
Sbjct 1203 TGGCATGAGGAACACGCAACAGTTTTCCATAGTCGAAACCTCGCACCAGCTTGACACCAC 1262
il

e nnitinithanininiitahinmminn iy

Sbjct 1263 GGGCATGTAGGTTTGGGGCGTAGTCACTTTTCAGCTTGTCAAAGAACGGCTGGGCCTGAG 1322

Query 1321 CGTCCTGACCACAGGGCACATAGC CATTGACGACATCGACTCCGTAGGGGATGT 1388

HHHHH|H\HII\IHIH|HIHHIIHHIHHIII\HIHHHHI
Sbjct 1323 CGTCCTGACCACAGGGCACATAGCTGAACACATTGACGACATCGACTCCGTAGGGGATGT 1382
T
1

Query 1381 CATTCA A Al
FULLEELEL R R LR LT LLLT L LTI

Sbjct 1383 CATTCATCGTGATCCAGTTGTCATCGGTCAACGAGGTGTTCACTCCTTTCATGGTTTTGT 1442

TCGTGATCCAGTTGTCATCGGTCAACGAGGTGTTCACTCCTTTCATGGTTTTGT 1448

R iyttt e
Sbjct 1442 CGCGCCAGGCACGGTAATATACCATGAAATGTCGCTTCTGGGTAGCAGTTTGCTGCTGCT  15@2

Query 1581 CGGACAAGGCGGATGGTTCCGACTGGCCAATGGCGCCAGCGGCCGGCGCARMACACCAGCA 1568

Sbjct 1583 CGGACAAGGCGGATGGTTCCGACTGGCCAATGGCGCCAGCGGCCGECGCAAACACCAGCA 1562
Query 1561 TGGTCGCAGCGATCACGGCAATCGCCACAGCCGAACATAATGGTCGCAGTCTCTCGGAAA 1628
sbict 1563 TRETCBACMATALAMMER LA EMAUTA L T E MY 1622
Query 1621 CGTCGAT 1627

Sbjct 1623 CGTCGAT 1629

As a result of the alignment performed using Geneious Prime 2020.2 program for

target gene 4 and genomic DNA sequence, 100% similarity was determined.

5 Template 5
5 100%6
Template 5 100%
] ‘\IDO 2?0 3?0 4?0 590 E:‘):) TIDQ 5?0 990 110‘00 UIOD ‘\,ZI:):) ‘\,%:):) 1/*00 11?00 ‘LES‘O
Consensus
identy e e
bs 1.5

[ 2. Template 5

4.6. Verification of Related Gene Sequences After Cloning

Some nucleotide changes were detected in the analysis of sequencing results of 14
related gene sequences (5 N-His, 5 SUMO, 4 C-His tagged) with Genomic DNA sequences.
In particular, the similarity percentages of target gene 5 (BBOH_0438) were found to be less
than the others due to low reading quality. Similarity percentages of analyzes performed
using Geneious Prime 2020.2 program and NCBI Nucleotide Blast are reported as follows.
These changes in percentages of similarity can reduce the activity of the produced enzymes,
orblock themaltogether, even if they do notinterferewith protein production. These changes
will be considered after controlling the activities of the proteins. Since the C-his tagged
BSAE_0444 enzyme was cloned after DNA sequencing, there is no sequence data for this

cloning.
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Related Gene-Genomic DNA Sequence Blast and Alignment Analysis:

N1/0U11 _RS07620

As a result of the analysis comparing the sequencing result obtained with 4 different
primers for N-His tagged recombinantenzyme (OU11_RS07620) with the genomic DNA

sequence, the similarity percentage was determined as 99.92%.

Distribution of the top 1 Blast Hits on 1 subject sequences

1 | | | | |

1 250 S00 750 1000 1250
Score Expect Tdentities Gaps Strand
2254 bits(1220) 0.0 1222/1223(29%) 0/1223(0% Plus/Plus

Query 9@ GGCGCAAGCCATGTGTTTCCCCAGGGCGGAACGACGGTGARACGTCGTATCGCCGCCATC 149

Sbjct 4 GGCGCAAGCCATGTGTTTCCCCAGGGCGGAACGACGGTGAAACGTCGTATCGCCGCCATC 63

Query 156 GCCGCGGEGECATCGCCACCGCGGELGATGGECTCTCGRLGGECGTCETCGCGCCGCCCGCCACG 209

Sbjct 64 GCCGCEAGCATCGCCACCGCGELGATGECTCTCEGLGGLGTCETCGCGCCGCCCGLCALG 123
Query 218 GCATATGCCGACGAGCCCGCAGCCGCGGACGTCAGCAGTGTCACGAACCCGAACAACCGT 269

[LLLVLEELE LR L L L L LI E L LT EET L]
Sbjct 124  GCATATGCCGACGAGCCCGCAGCCGCGGACGTCAGCAGTGTCACGAACCCGAACAACCET 183

Query 270 CATTTCATGGTGTACTACCGTGUGTGGCGTGATGTGACGA GTGTGAATACCGAT 329

Sbjct 184 CATTTCATGGTGTACTACCGTGCGTGGCGTGATGTGACG TGTGAATACCGAT 243

Query 338 CTGCCGGATGAGAACTGGATTTCGATGTACGACATCCCGTATGGCGTGCGATGTGGTGAAL 389

Sbjct 244 CTGCCGEATGAGAAC TGGATTTCGATGTACGACATCCCGTATGELGTGGATGTGGTGAAL 383
Query 398 GTGTTCAGTTATGTGCCGGCGGGTCAGGAGGCGGCGGCCCAGCCGTTCTATGACAAGCTC 449

(LD L L L L L L EL LT EE T
Sbjct 384  GTGTTCAGTTATGTGCCGGCGGGTCAGGAGGCGECGGCCCAGCCGTTCTATGACAAGCTC 363

Query 458 AAGGCCGAGTATGCCCCGTATCTGCATTCGCGTGRCATCAAGCTCGTGCGLUGGCATCAAL 589

Sbjct 364 AAGGCCGAGTATGCCCCGTATCTGCATTCGCGTEGCATCAAGCTCGTGCGCGGCATCAAL 423

Query 516 TACGAACAGGTCACCGTCGAAGGCTTCCGCGACTACATGGCCGATCTGGGCAAGACGGLCC 569

Sbjct 424 TACGAACAGGTCACCGTCGAAGGCTTCCGCGACTACATGGCCGATCTGGGLAAGACGGCC 483
Query 5786 GATGAGGCCACCGAGGCCGACTATGATGCCTATGCGCTTGAGATCATCGACGAGTACATG 629

Sbjct 484 GATGAGGCCACCGAGGCCGACTATGATGCCTATGCGCTTGAGATCATCGACGAGTACATG 543

Query 636 ACCTCGGTCGGCCTGGACGGTCTGGACATCGATATGEAGACCTATCCGACCGACGCGGAT 689

sSbjct 544 ACCTCGGTCGACCTGGACGETCTGEACATCGATATGOAGACCTATCCGACCGACGLGGAT 683
Query 696 GTGGCGATTTCCGATAACGTGATCCGCGCCCTGTCCAAGCACATCGGCCCCAAGTCGGAC 749

sbjct 6Gea GTGGCGATTTCCGATAACGTGATCCGCGCCCTGTCCAAGCACATCGGCCCCAAGTCGGAC 663
Query 75@ GATCCGGATGGCACGATGTTCCTGTACGACACCAACGGCAGCAACGCCAAGCCGTTCGLG 889

Sbjct 664 GATCCGGATGGCACGATGTTCCTGTACGACACCAACGGCAGCAACACCAAGCCGTTCGCG 723

Query 8186 AACGTGGCGGACTGCTTCGACTACGTGGCCTACCAGCAGTACGGCTCCACATCGACCCGE 869

sbjct 724 AACGTGGCGGEACTGCTTCGACTACGTGGCCTACCAGCAGTACGECTCCACATCGACCCGE 783
Query 870 ACCGCCGGCGCCGTCGCGGACTACTCGCCGTACATCGGCGCCGACAAGTTCGTGCCCGGC 929

PUCLLLTLLELLELEL L L L L L L LT LT
Sbjct 784  ACCGCCGGCGCCGTCGCGGACTACTCGCCGTACATCGGCGCCGACAAGTTCGTGCCCGEE 843

Query 938 CTGGCCTTCCCCGAGGAAGGCEACCACAACCGTTGGTATGACGCCACGGAGCCGTATACG 289
wrer see CSHUITONTET R TINY .,
Query 996 ACAGCCACATCTACGACATCGCGTCGTATGTGCGTGACAACGGCCTCGRCGRCATGTTC 1849
e T

Query 1858 CTGTACGCGCTTGACCGCGACGGCCGCACCTACGAGGCCGAGGACTGGAGCCACATCGTC 1189

Sbjct 964  CTGTACGCGCTTGACCGCGACGGCCGCACCTACGAGGCCGAGEACTGEAGCCACATCGTC 1823
e mmm\\m\TT?TTTT??’?TTTTT‘|”|T’f?T|T??TT?TTT?‘?TTTTT??TT??TT e
Sbict 1024 TGGACCAAGACCGCCATCGCTGAGTCGCAGGACATGACGATGGAG 1883

Query 1178 CAGGCCAAGGCCGCCGCGAACCACTACATCGAGCGCATGTCGCTGACCGAGGAAGGGGCT 12209

Sbjct 1084 CAGGCCAAGGCCGLCGCGAACCACTACATCGAGCGCATETCGLTGACCGAGGAAGGGECT 1143
Query 1238 CCOGCOTEGECCCTOAACGLCOAGOACGLGCTCGAAGCCOTGLAACAGGLCACGAACCTC 1289

Sbjct 1144 CCGGCATEECCCTRAACGCCGAGGACGCGCTCGAAGCCATGLAACAGGLCACGAACCTC 1283
Query 1298 TACGAGGTCAACAAGGCCGTGCT 1312

Sbjct 1284 CGAGATCAACAAGGRCCGTGCT 1226
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As a resultof the alignmentperformed usingthe Geneious Prime program for N1 and
genomic DNA sequences, 99.918% similarity was found.

1 ni
1 99.918%
nl 99.918%

! 1% e £ £ R i T i i e it iz
Consensus
ey =
B 1.1 |
e 2.n1 |

C1/0U11_RS07620

As a result of the analysis comparing the sequencing result obtained with 4 different
primers for C-His tagged recombinantenzyme (OU11_RS07620) with the genomic DNA
sequence, the similarity percentage was determined as 99.74%.

Distribution of the top 1 Blast Hits on 1 subject sequences

i ] ] e ] 1 |
1 200 400 600 800 1000 1200
Score Expect Identities Gaps Strand
2078 bits{1125) 0.0 1131/1134{99%) 0/1134(0%) Plus/Plus
Query 1 TCCCGLCGECETCGTCOCGCCGCCCGCCACGRCATATGCCGACGAGCCCGCAGCLGLGLG 68
FELEEEEERE e e e e e et L e e eer e erran
Sbjct @3 TCTCGECGECETCGTCGCGCCGCCCGCCACGGCATATGCCGACGAGCCCGCAGCCGLGEA 152

Query &1 CETCAGCAGTGTCACGAACCCGAACAACCGTCATTTCATGGTGTACTACCGTGCGTGGLG 128

Skbjct 153 CGTCAGCAGTGTCACGAACCCOGAACAACCGTCATTTCATGGTGTACTACCGTGCGTGGECG 212

Query 121 TEATGTGACGATGAAGGGTGTGAATACCGATCTGCCALATGAGAACTGGATTTCGATGTA 18

Sbjct 213 TGATGTGACGATGAAGGGTGTGAATACCGATCTGCCGGATGAGAACTGGATTTCGATGTA 272

Query 181  CGACATCCCGTATGGCGTGGATGTGGTGAACGTGTTCAGTTATGTGCCGGCGGETCAGGA 248
II\IIIHIIIIIII\IIIIIHI\IIIII\II\IIHI\II\IIHIHHIIHIHI

Sbjct 273 CGACATCCCGTATGGCGTGGATGTGRTGAACGTGTTCAGTTATGTGCCGGCEGETCAGGA 332
T .
Sbjct 333 GCGGCAGLCCAGCCGTTCTATGACAAGCTCAAGGCCGAGTATGCCCCGTATCTGLATTC 382

Query 381 GCGTGGCATCAAGCTCGTGCGCGGCATCAACTACGAACAGGTCACCGTCGAAGGCTTCCG 368

FECREEEEE R P EE LR T e e e e e ee e el n
sbjct 393 GCGTEGCATCAAGCTCGTGCGCGGCATCAACTACGAACAGGTCACCGTCGAAGGCTTCCG 452

Query 361 CEACTACATGECCGATCTGEGCAAGACGGCCGATGAGGCCACCGAGGCCGACTATGATGC 428

Sbjct 453 COACTACATGGCCGATCTGEGCAAGACGGLCGATGAGGCCACCGAGGCCGACTATRGATGE 512
Query 421 CTATGCGCTTGAGATCATCGACGAGTACATGACCTCAGTCGGLCTARACGGTCTGRACAT 438

Sbjct 513 CTATGCGCTTGAGATCATCGACGAGTACATGACCTCGGTCGGCCTGRACGGTCTGRACAT 572
Query 481 CGATATGGAGACCTATCCGACCGACGCGGATATGGCGATTTCCGATAACGTGATCCGCGE S48

Skjct 573 CGATATGGAGACCTATCCGACCGACGCGGATGTGGCGATTTCCGATAACGTGATCCGLGE 632

Query 541 CCTGTCCAAGCACATCGGCCCCAAGTCGGACGATCCALATGRCACGATGTTCCTGTACGA 66

sSbjct 633 GTCCAAGCACATCGGCCCCAAGTCGGACGATCCAGATGGCACGATGTTCCTGTACGA 682

Query 661 CACCAACGGCAGCAACACCAAGCCGTTCGCGAACGTGGCGGACTGCTTCGACTACGTGGE 668

II\IIIHIIIIIII\IIIIIHI\IIIII\II\IIHI\II\IIHIHHIIHIHI
sbjct 693  CACCAACGGCAGCAACACCAAGCCGTTCGCGAACGTGGCGGACTGCTTCGACTACGTGGC 752

Query 661 CTACCAGCAGTGCGGCTCCACATCGACCCGCACCGCCGECGCCGTCGCGRACTACTCGLC 728

Sbjct 753 CTACCAGCAGTACGGCTCCACATCGACCCGCACCGCCGGCGCCGTCGCGGACTACTCGCC 812

Query 721 GTACATCGGCGCCGACAAGTTCGTGCCCLRCCTEECCTTCCCCGAGGAAGGLGACCACAR VB8

FLELLEEELEEE e DR LRt L e et
sbjct 813  GTACATCGGCGCCGACAAGTTCGTGCCCGECCTGECCTTCCCCGAGGAAGGCGACCACAR 872

Query 781 CCGTTGATATGACGCCACGGAGCCGTATACGGACAGCCACATCTACGACATCGCGTCGTA 848

Skjct 873 CCGTTGGTATGACGCCACGGAGCCGTATACGGACAGCCACATCTACGACATCGCGTCGTA 232
Query 841 TETGCGTGACAACGGCCTCGGLGGECATGTTCCTEGTACGCGCTTGACCGCGACGGCCGCAC  Sae

Sbjct 933  TGTGCGTGACAACGGCCTCGGCGGCATGTTCCTGTACGCGCTTGACCGCGACGGCCGCAC 992
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As a resultof the alignment performedusingthe Geneious Prime program for C1 and

genomic DNA sequences, 99.673% similarity was found.

1 C1
1 99.673%

1 100 200 300 400 500 600 700 300 900 1,000 1,100 1,224
Consensus
erty . I e S
e 1.1 1 1
e 2.1 ! ! ! |

S1/0U11_RS07620
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for SUMO tagged recombinantenzyme (OU11_RS07620) with the genomic DNA

sequence, the similarity percentage was determined as 100%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query
| | 1 | | |
1 250 500 750 1000 1250
Score Expect Identities Gaps Strand
2259 bits(1223) 0.0 1223/1223(100%) 0/1223(0%) Plus/Plus

Query B&5 GGCGCAAGCCATGTGTTTCCCCAGGGCGEAACGACGATGAAACGTCGTATCGCCGCCATC 124

CLLLUCE LT LE L L LR L LT LT LT L]
sbjct 4 GGCGCAAGCCATGTETTTCCCCAGGGCEEAACGACGGTGAAACGTCGTATCGCCGCCATC 63

Query 125 GCCGCGAGCATCGCCACCECEACGATGRETCTCGGCGGLETCGTCGCGCCGCCCGLCACG 184

ELECLCLEELCELLLEE L L LELELL L L ELETET L
Sbjct 64  GCCGCGGGCATCGCCACCGCGGCGATGGCTCTCGGCGGELETCGTCRCECCGECCGECACE 123

Query 185 GCATATGCCGACGAGCCCGCAGCCGCGRACGTCAGCAGTETCACGAACCCGAACAACCGT 244

ELLLELLLELELELELEE L L L LEEELLELLLELEEE LT
Sbjct 124  GCATATGCCGACGAGCCCGCAGCCGCGGACGTCAGCAGTETCACGAACCCGAACAACCGT 183

Query 245 CATTTCATGGTGTACTACCGTGCGTGGCGTGATGTGACGATGAAGGGTGTGAATACCGAT 304

CLLLECLLLLDCEEELEE L LT EEL L LEELLL LTI ]
Sbjct 184  CATTTCATGETGTACTACCGTGCGTGECGTGATGTGACGATGAAGEGTGTGAATACCGAT 243

e ..
sbjct 244 GATGAGAACTGGATTTCGATETACGACATCCCGTATGGCGTGGATGTEGTGAAC 383
Query 365 GGAGGCEGCGECCCAGCCGTTCTATGACAAGCTC 424
) |||\|\III\I\I||\|||||I\|\III\|\I\I\|\III\\IIIII\III\I\I\I\I\
shjct 3@ GCGGCCCAGCCGTTCTATGACAAGCTC 363

Query 435 AAGGCCGAGTATGCCCCGTATCTGCATTCGCGTGGCATCAAGCTCGTGCGCGGCATCAAC 484

Sbjct 364  AAGGCCGAGTATGCCCCGTATCTGCATTCGCGTGGCATCAAGCTCGTGCGCGGCATCAAC 423

Query 485 TACGAACAGETCACCGTCGAAGECTTCCGCGACTACATGECCGATCTGGECAAGACGGLL 544

Sbjct 424  TACGAACAGGTCACCGTCGAAGGCTTCCGCGACTACATGGCCGATCTGGGCAAGACGGCC 483
CTATGATGCCTATGCGCTTGAGATCATCGACGAGTACATG 684

ATGAGG CGA
III\I\III\I\III\IIIIII\I\III\I\I\I\I\III\\IIIII\III\I\I\I\I\

Sbjct 484 ATGATGCCTATGCGCTTGAGATCATCGACGAGTACATG 543

Query 545

Query 685 ACCTCGGTCEGCCTERACGGTCTGEACATCGATATGRAGACCTATCCGACCGACGCGGAT  6b4

Sbjct 544  ACCTCGGTCGGCCTGGACGGTCTGGACATCGATATGGAGACCTATCCGACCGACGCGGAT 683

Query 665 GTGECGATTTCCGATAACGTGATCCGCGCCCTGTCCAAGCACATCGGLCCCAAGTCGRAC 724

Sbjct 684  GTGGCGATTTCCGATAACGTGATCCGCGCCCTGTCCAAGCACATCGGCCCCAAGTCGGAC 663

Query 725 TCCEGATGECACGATGTTCCTGTACGACACCAACGGCAGCAACACCAAGLCGTTCGLG 724

Sbjct 664  GATCCGGATGGCACGATGTTCCTGTACGACACCAACGGCAGCAACACCAAGCCGTTCGCG 723

Query 785 AACGTGGLGEACTGCTTCGACTACGTGGCCTACCAGCAGTACGGCTCCACATCGACCCGE 844

Sbjct 724  AACGTGGCGGACTGCTTCGACTACGTGGCCTACCAGCAGTACGGCTCCACATCGACCCGC 783

Query 845 ACCGCCGGECECCGETCGCGEACTACTCGCCGTACATCGGCGCCGACAAGTTCGTGCCCGGE 084

PLLLLLEEELLLE L LR L LT
Sbjct 784 ACCGCCGGECGCCGTCGCGGACTACTCGCCGTACATCGGCGCCGACAAGTTCETGCCCEEE 843

Query 285 CTGECCTTCCCCGAGGAAGGCGACCACAACCGTTGGTATGACGCCACGGAGCCGTATACG 264

LLLLLLEEEELEEL LT LT LT LT LT LT LT
Sbjct 844  CTGGCCTTCCCCGAGGAAGGCGACCACAACCGTTGGTATGACGCCACGGAGCCGTATACG 903
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Query 965 GACAGCCACATCTACGACATCGCGTCGTATGTECGTGACAACGGCCTCGGCGGCATGTTC 1824

IHI\IIII\I\I\IIH\II\I\I\I\II\HII\I\III\II\HII\I\IIIIII\
Sbjct 984  GACAGCCACATCTACGACATCGCGTCGTATGTGCGTGACAACGGCCTCGGCGGCATGTTC 063

Query 1825 CTGTACGCGCTTGACCGCGACGGCCGCACCTACGAGGLCGAGGACTEGAGCCACATCGTC 1834

IHI\IIII\I\I\IIH\II\I\I\I\II\HII\I\III\II\HII\I\IIIIII\
sbjct 964  CTGTACGCGCTTGACCGCEACGGCCGCACCTACGAGGCCEAGGACTGGAGCCACATCGTC 1023

Query 1885 CCGTCGAACCTGCTGTGGACCAAGACCGCCATCGLTGAGTCGCAGGACATGACGATGGAG 1144

IHI\IIII\I\I\IIH\II\I\I\I\II\HII\I\III\II\HII\I\IIIIII\
Sbjct 1824 CCGTCGAACCTGCTGTGGACCAAGACCGCCATCGCTGAGTCECAGGACATGACGATGGAG 1883

Query 1145 CAGGCCAAGGCCGLCGUGAACCACTACATCGAGCGCATGTCGCTGACCGAGGAAGEGECT 1284

Shjct 1@84 CAGGCCAAGGCCGCCGCGAACCACTACATCGAGCGCATGTCGCTGACCGAGGAAGGGGLT 1143

Query 1205 CGAGGACGCGCTCGAAGCCGTEGAACAGGCCACGAACCTC 1264
) ||||\||||\I\I\II\I\II\I\I\I\II\I\II\I\III\II\I\II\I\IIIIII\
shict 1144 GCCGAGGACGCEC TCGAAGCCETEGAACAGGCCACGAACCTC 1203
Query 1265 ACAAGGCCGTGCT 1287
) ||||\|H|\|\|\H\|\IIH
sbict 1204 ACAAGECCGTGCT 1226

As a result of the alignment performed using the Geneious Prime program for S1 and

genomic DNA sequences, 99.918% similarity was found.

1 51
1 99.918%

IW '\IDO Z?O 390 4?0 5?0 E?O 790 5?0 990 '\,?OD 1,!00 '\,ZZ-:I
Consensus =——
ey |
fe 1,1
[e 2.51 1

N2/ BSAE_0444
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for N-His tagged recombinant enzyme (BSAE_0444) with the genomic DNA

sequence, the similarity percentage was determined as 99.73%.

Distribution of the top 1 Blast Hits on 1 subject sequences

i I ] ey I i
1 300 600 S00 1200 1500
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Score Expect Identities Gaps Strand

2691 bits(1457) 0.0 1466/1470(99%) 1/1470{0% Plus/Plus

Query 28 TCAGACCTTCCTCCGCTGCCAGACCGTCAGGCCGATGCCGGCGGCGGCGAACGCCACGAL 79
sojet 1 TCAGALLTTETEHHE AR L ehtdecddeadddetdacdladdle co
Query 8@ CAGGACAGTCATGACGGUGACCGCCGAACCCETTGCGACGAGLGAATCGTCGGLGGGATT 139
sojet o1 CAbGACACTEATSALSMEALL LML AL LU A L edAtT 120

Query 148 CTGGGTTCCGGCATCGTCGTGTTTCCCGGAATCGCCTTCACCCGGGGCTTCGGTCTTGCC 199

PELLILL L LI L L L LT L L LR LRl
Sbjct 121  CTGGGTTCCGGCATCGTCGTGTTTCCCGEAATCGCCTTCACCCGGGECTTCGGTCTTGCC 188

Query 288  TTCAAGGGCGGCCTT GGCCCAGGATTCGACCTGCTCGECCGTGTAGGTCTT 259
. |||\|||\||||\||||||||\|||\|||\|||\|||\\||\\|||\||||||||H||\

sbjct 181  TTCAAGGECGGCCTT GGCCCAGGATTCGACCTGCTCGECCGTGTAGGTCTT 248

Query 268 GCCGGTCAGGCCATCGATCGCGGOGT CGCEOEGACEECGECCTTGATATC 319

c G CECGGECOEEGCEGACGECGECT GGC
. EEELLLEE LT L LT L L L LT Tl
Sbjct 241  GCCGGTCAGGCCATCGATCGCGGCGTCGOGGGCCGCGCGGACGECGGCCTTGATATCGE. 388

Query 328 GCTGGTGGCGTCGGCCTCCAGCACCGTGCCCGCCTCGGCGATCAGTTCCTCCAACTCGGE 279

NN RN RN AR nn ey
Sbjct 301  GCTGGTGGCGTCGGCCTCCAGCACCGTGCCCGCCTCGECGATCAGTTCCTCCAACTCGE. 360

Query 388 GGTGTCGATGTCCAGCAACCCAGCCTCCAGGGTCGGATCGTAGGTGTTGCTGAACCCCTC 439

sbjct 361  GGTGTCGATGTCCAG TGTTGCTGAACCCTTC 428

Query 448  ACCATAGTCGCCGCC CGTGCCCTGCTCCAC 499
. |||\|||\||||\||||||||\|||\|||\|||\|||\\||\\|||\||||||||H||\

sbjct 421  ACCATAGTCGCCGCC CGTGCCCTGCTCCAC 428

Query 5See GGCCGCACGCGCGTCGTCCGCGCTCACGGCGGCGTCACGCACGGTGGACTGGCGCAGCGA 559

EEELLEELE T L e LT L L L LT Ll
Sbjct 481 GGCCGCACGLGCGTCGTCCGCGCTCACGGCGGCETCACGCACGETGGACTGGCGCAGCGA 548

Query 568 CATGCGGTCGATGTAGTGGTTGGCCGCGGCCTTCGCCCGATCCAGCGGCATGCCCTGGEA 619

LEELLLL LT e L L e L L e r L it
Sbjct 541  CATGCGGTCGATGTAGTGGTTGGCCGCGECCTTCGCCCGATCCAGCGGCATGCCCTGGEA 609

Query 628 CTCGGCGATGGCGGTCTTGGTCCACAGCAGGTTCGACGGGACGATGCGGGTCAGATCCTC 679

sbjct 681  CTCGGCGATGGCGGT GCGGGTCAGATCCTC 668
Query 688  CTCGTAGTTGCGGCCGTCGCGGTCGAGCECGTACACGAACATGCCACCAAGCTTGTGCTC 739
|||\|||\||||\||||||||\|||\|||\|||\|||\\||\\|||\||||||||H||\

Sbjct 661 CTCGTAGTTGCGGCC TCGAGCGCGTACACGAACATGCCACCAAGCTTGTGCTC 728

Query 748 GTTGACGTACGAGGCGACCTGOTAGAAATTGCTCTCCTCGTACGGCTCCGAGGCGTCATA 729

EXRLELL LT LR TR L L L Ll
Sbjct 721  GTTGACGTACGAGGCGACCTGGTAGAAATTGCTCTCCTCGTACGGCTCCGAGGCGTCATA 788

Query 868 CCAGCGGTTGTTCATGTCGCCTTCCTCCGGGAAGGTCAGACCGGGCACAAACTCGCTGCC 859

NNy Ny aananyy
Sbjct 781  CCAGCGGTTGTTCATGTCGCCTTCCTCCGGGAAGGTCAGACCGEGCACAMACTCGCTGCC 84@

Query 868 GATGTGCGGGGCGTAGTCGLCG, GCGTTATCGGTGCGCTCGGCGTTCGAGCCGTACTG 219

Sbjct 841 GATGTGCGGGGCGTAGTCGCC CGTTATCGGTGCGCTCGGCGTTCGAGCCGTACTG 208

Query 92@ CTGGTAGGCCACGTAGTCGAAGCAGTCCGCCACGTTCCAGAACGGCGCCAGATCGGACGE 979

Sbjct og2e1 CTGGTAGGCCACGTAGTCGAAGLAGTCCGCCACGTTCCA GCGCCAGATCGGEACGC 962

Query ©98@ GTTGGTGTCATACAGGAACATCGTGCCGTCCGGGTTGTCGGACTTGGGGCCGATGTGCTT 18349

CLLLLEEet e b e e e e gl
Sbjct 061  GTTGGETGTCATACAGGAACATCGTGCCGTCCGGGTTGTCGGACTTGGGECCGATETGCTT 1026

Query 1048 GGACAGGGCGCGAATCACGTTATCGGAGACGGCGACGTCGGCCTCATCCGGATGCGTTTC 1099

Sbjct 1021 GGACAGGGCGCGAATCACGTTATCGGAGACGGCGACGTCGGCCTCATCCGGATGCGTTTC  108a

Query 1188 CATATCGATATCCAGGCCGTCCAAGCCGACCGAGGTCATGTACTCGTCGATGACCTGCAA 1159

CELELELEEE e e bbb e e e ettt
Sbjct 1081 CATATCGATATCCAGGCCGTCCAAGCCGACCGAGGTCATGTACTCGTCGATGACCTGCAA —114@

Query 1168 GGCGTACTCGTCGTAGTCGGCCTCGGTGGCCTCCTGCTCGGTCAACCCCTTGGCCTCGAT 1219

Sbjct 1141 GGCGTACTCGTCGTAGTCGGCCTCGGTGGCCTCCTGCTCGGTCAACCCCTTGGCCTCGAT  128a
Query 1228 GAAGTCGCGGAACCCGTTGACGATCACACCCATGTAGTCCACACCGCGCACGAGCTTGAT 1279
sbict 220 AAACHGLAMELHA I UUU LA LU e
Query 1288 GCCGCGCGAATGCAGATACGGGGCGTAGTCGGACTTCGGCTTGTCGTAATACGGCTGGGC 1339
sojct 1261 SLESLAUANTALACATALAASLEASHAALHEAS T MTAL A6 1320
Query 1348 CAGCTCCTCCTGACCCGACGGAACATAACTGAACACGTTGACCACATCCTCGCCATACGG 1399
sbict 1321 AABCHAH AL MM HE A LA, 1350
Query 1488 GATGTCATACATCGAAATCCAGTTCTCATCCGGCAGATCCGTATTCACACCCTTCATCGT 1459
sbict 1380 AATGTATALARSAMATCASHU LS AATLE ST ALL LTS 1ase
Query 1468 CACATCACGCCACGCGCG-TAGTACACCAT 1488

| 1111
Sbjct 1441 CACATCACGCCACGCGUGATAGTACACCAT 1478

As a resultof the alignmentperformed usingthe Geneious Prime program for N2 and
genomic DNA sequences, 99.261% similarity was found.
2 M2

2 99.261%
N2 99.261%
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S2 | BSAE_0444
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for SUMO tagged recombinant enzyme (BSAE_0444) with the genomic DNA

sequence, the similarity percentage was determined as 99.73%.

Distribution of the top 1 Blast Hits on 1 subject sequences

1 300 600 Q00 1200 1500
Score Expect Identities Gaps Strand
2686 bits{1454) 0.0 1463/1467(99%) 2/1467(0% Plus/Plus
Query 1 GACCTTCCTCCGCTGCCAGACCGTCAGGCCGATGCCGGCGGCGGIGAACGCCACGACCAG 60
Sbict 4 GACCHILCTELCTELLASALLETEARS AT S L bR et bbb AL At n &3
Query 61 GACAGTCATGACGGLGACCGCCGAACCCGTTGCGACGAGCGAATCGTCGECGGGATTCTG 12
o oo QTSN ST LT

Query 121 GATTCCGGCATCGTCGTGTTTCCCGGAATCGCCTTCACCCGGGGCTTCGGTCTTGCCTTC 188

CLLL LR R e e e e et e e L iennenl
Sbjct 124  GGTTCCGGCATCGTCGTGTTTCCCGGAATCECCTTCACCCGGGECTTCGGTCTTGLCTTC 183

Query 181 AAGGGECEGCCTTAATGCCGEUGECCCAGGATTCGACCTGCTCGGCCGTGTAGGTCTTGCC 248

PLELLLLLLELLE L LT L L LR TR LTl
AGE

Sbjct 184 AAGGGECEECCTTAATGCCEGLGECCCAGGATTCEACCTGCTCGGCCGTGTAGGTCTTGCC 242

Query 241 GGATCAGGCCATCGATCGCGGCGTCGCGGGCCGCGLGGACGACGGCCTTGATATCGGCGCT 202

CLLEELRL L e L e L b e e e nignl
Sbjct 244  GGTCAGGCCATCGATCGCGGCGTCGCGGECCGCELGEACGGCGECCTTGATATCGECGET 303

Query 381 GGETGGCGTCGGCCTCCAGCACCGTGCCCGCCTCGGCGATCAGTTCCTCCAACTCGECGGT 368

Sbjct ze4 GGETGGECATCGGCCTCCAGCACCGTGCCCGCCTCGGCGATCAGTTCCTCCAACTCGGCGET 263

Query 361 GTCGATGTCCAGCAACCCAGCCTCCAGGGTCGGATCAGTAGGTGTTGCTGAACCCTTCACC 428

LLLL LR LR e e bt bbb iR e it
Sbjct 364  GTCGATGTCCAGCAACCCAGCCTCCAGGGTCGGATCGTAGGTGTTGCTGAACCCTTCACC 423

Query 421 ATAGTCGCCGCCGAGCACGGLCTTGTTCACCTCGTACAGGTTCGTGCCCTGCTCCACGGE 488

Sbjct 424 ATAGTCGCCGCCGAGCACGGCCTTGTTCACCTCGTACAGGTTCGTGCCCTGCTCCACGGC 483

Query 481 CECACGCGCGTCATCCGCGCTCACGGCGGCGTCACGCACGGTGGACTGGLGCAGCGACAT 54

CLLELLLL L R L et bbb b e e et
Sbjct 484  CGCACGCGCGTCGTCCGCGCTCACGGCGECETCACGCACGGTGEACTGECGCAGCGACAT 543

Query 541 GCGGTCGATGTAGTGGT TGGLCGCGGCCTTCGCCCGATCCAGCGGCATGLCCTGGGEACTC 608

PLLILLLELEL R L L L L L LR TR LT
CGE

Sbjct 544 GCGGETCEATGTAGTGGTTGGCCGCGGCCTTCGCCCGATCCAGCGGCATGCCCTGGGACTC 603

Query 681 GGCGATGGCGGTCTTGGTCCACAGCAGGTTCGACGGGACGATGCGGGTCAAATCCTCCTC  66@

CLLL LRI R e e e L b e eee Teenaninl
Sbjct 684  GGCGATGGCGGTCTTGGTCCACAGCAGGTTCGACGGGACGATGCGGETCAGATCCTCCTC 663

Query 661 GTAGTTGCGGCCETCGUGETCGAGCGCGTACACGAACATGLCACCAAGCTTGTGCTCGTT 728

Sbjct 664 GTAGTTGCGEGCCETCGCGETCGAGCGCGTACACGAACATGCCACCAAGCTTGTGCTCGTT 723

Query 721  GACGTACGAGGCGACCTGETAGAAATTGCTCTCCTCGTACGGCTCCGAGGCGTCATACCA 788
\IIIIIH\IIIIIII\\IIIIII\IIIIIIH\IIIIII\\IIIIIII\IIIIIII\H
TGET, GC

Sbjct 724 GACGTACGAGGCGACC TCTCCTCGTACGGCTCCGAGGCGTCATACCA 783

Query 781 GCGGTTGTTCATGTCGCCTTCCTCCGGGAAGGTCAGACCGOECACAAACTCGCTGLCGAT 848

\|||||H\|||||||\\|||||I\I|||||H\||||||\\|||||||\|||||II\H
Sbjct 784  GCGGTTGTTCATGTCGCCTTCCTCCGGGAAGGTCAGACCGGGCACAAACTCGCTGLCGAT 843

Query 841 GTGCGGGGCGTAGTCGCCGAACGCG-TATCGGTGCGCTCGGCGTTCGAGCCGTACTGETG 899
FLEEELRE L e et e et bbb e ieeanenl

Sbjct 844 GTGCGGGGCGTAGTCGCCGAACGCGTTATCGGTGCGCTCGGCGTTCGAGCCGTACTGCTG 283

Query 2980 GTAGGCCACGTAGTCGAAGCAGTCCGCCACGTTCCAGAACGGCGCCAGATCGGACGCGTT 259

sbjct =l= L3 TAGGCCACGTAGT CCGCCACGTTCC CGCCAGATCGGACGCGTT 963

Query 960 GGETGTCATACAGGAACATCGTGCCGTCCGGGTTGTCGGACTTGEEGCCGATGTGCTTGGA 1819

LIOLLETRE L L L L e L L R L LTl
Sbjct 964  GGTGTCATACAGGAACATCGTGCCGTCCGGGTTGTCGGACTTGGGGCCGATGTGCTTGGA 1023

Query 18280 CAGGGCGCGAATCACGTTATCGGAGACGGCGACGTCGGCCTCATCCGGATGCGTTTCCAT 1879

PELLLEEE L e L e b L Ll
AGG

Sbjct 1824 CAGGGLGCGAATCACGTTATCGGAGACGGCGACGTCGGCCTCATCCGGATGCGTTTCCAT 1883

Query 1888 ATCGATATCCAGGCCGTCCAAGCCGACCGAGGTCATGTACTCGTCGATGACCTGCAAGGC 1139

[LLLELLL]
sbjct 1884 ATCGATATCCAGGC CGAGGTCATGTACTCGTCGATGACCTGCAAGGC 1143

Sy e TT‘T‘?TT?TT?TT?TT?T?TTTT?TT‘fTTTTﬂ??TT??TT?‘???TTTT??TT??T?T?|| o
Sbjct 1144 GTACTCGTCGTAGTCGGCCTCGGTGECCTCCTGCTCGGTCAACCCCTTGECCTCGATGAA 1203

Query 1288 GTCGCGGAACCCGTTGACGATCACACCCGTGTAGTCCACACCGCGCACGGGCTTGATGCC 1259

Sbjct 1284 TCGCGEAACCCGTTGACGATCACACCCGTGTAGTCCACACCGCGCACGAGCTTGATGCC 1263

Query 1260 GCGCGAATGCAGATACGGGGCGTAGTCGGACTTCAGCTTGTCGTAATACGGCTGGGCCAG 1319

CELELETREE L L L L LR LT
CGC

Sbjct 1264 GCGCGAATGCAGATACGGGGCGTAGTCGGACTTCAGCTTGTCGTAATACGGCTGGGCCAG 1323

Query 1320 CTCCTCCTGACCCGACG ACGTTGACCACATCCACGCCATACGGGAT 1379
. |||\IIIIIIIIII\IIII\IIII\I H |||||||\IIII\\IIII\IIIIIIIIIIIII

Sbjct 1324 CTCCTCCTGACCC TGACCACATCCACGLCATACGGGAT 1383

kgt yilinititiannniniiiiannihaiin i

Sbjct 1384 GTCATACATCGAAATCCAGTTCTCATCCGGCAGATCCGTATTCACACCCTTCATCGTCAC 1443

Query 1448 ATCACGCCACGCGCG-TAGTACACCAT 1465

TLLPLLLEEET L LELEETELl ]
Sbjct 1444 ATCACGCCACGCGCGATAGTACACCAT 1470
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As a result of the alignment performed using the Geneious Prime program for S2 and
genomic DNA sequences, 99.261% similarity was found.

2 52
99.261%
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N3/BBKW _1881

As a result of the analysis comparing the sequencing result obtained with 4 different
primers for N-His tagged recombinant enzyme (BBKW_1881) with the genomic DNA
sequence, the similarity percentage was determined as 99.84%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query
1 | 1 | | |
1 250 500 750 1000 1250
Score Expect Identities Gaps Strand
2331 bits(1262) 0.0 1266/1258(99%) 0/1268(0%) Plus/Plus
Query 98 TTTTTCCTTCCTCCGATTGTTCATAGCAATACTATGCATCGCGCTC 149
) IIIIII\IIIII\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
shjct 4 CAGGAAGGCATTTTTCCTTCCTCCGATTGTTCATAGCAATACTATGCATCGCGCTC &3
R NNt .
Shjct 64 GTCGCGGCCAGLACATGETCOTGRATCACGTTCACGLGAACGECGGCTAAGRAATTGCCG 123
Query 218 GAGCCCTGATTCGGUGGCTATGTGGACGTGACCACAACCCCCTCATACGAGTTCGAATCC 269
[LLLLELLLEE L L L P L L E L L e LT
Shjct 124 GAGCCCTGATTCGGUGGCTATGTGRACGTGACCACAACCCCCTCATACGAGTTCGAATCC 183
Query 278 AAGGTGGGECAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGCCG c 329

ACTGECCGGCGACGELTG
PLCLLLLLEEELLLRE L L LR L ELEE L L LT LL L]

Shjct 184 AAGATGEGCAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGCCGGCGACGGCTGE 243

GATGAAGCGGCCTCCACACTTGATCTTGAC 380

CTT
LLLLCLT DL LR LT LT
CTT

GATGAAGCGGCCTCCACACTTGATCTTGAC 383

Query 338
shjct 244

eIl

Sbjct 384  AGTCGCATCGCGCAAA AAACCGACCGCACGGTAACCGTCAGCTTCGGCGGEGCAG 363

Query 458 AACGGCACCGAACTEGCCGCCGCATGCACCGACGTCGACGCACTTGCCAACGCATACCAG @9

) IIIIII\IIIII\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
sbjct 364 GCACCGAACTGECCGCCGLATGCACCGACGTCGACGCACTTGCCAACGCATACCAG 423

Query 510 CAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAAAACACGAATCTC 569

IIIIII\IIIII\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
sbjct 424  CAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAAAACACGAAT 483

Query 570 GACGGCTACAGTGAAACCGCAACCCGECAAGCGCAAGCCOTGGTARAACTCATCGCCAAT 629

) IIIIII\IIIII\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
sbjct 484  GACGGCTACAGTG CCGECGAGCGCAAGCCGTGGTARAACTCATCGCCAAT 543

Query 630 GAAAPAGCGTAAAACAALGGAAAAGACGACACCAGTCACGATCTGATCATCAGCCTGACG 689

i IIIIII\II II\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
sbjct 544 AAGCGAAAA GAAAAGACGACACCAGTCACGATCTGATCATCAGCCTGACG 663

Query 620 CTTCCAGCCOACGCEAAAGGCCTTACAGCGCAAGGAATGCARACCGTGAATGCGTTTCTG 749

[LLLLELLEEEL L EE L ELEEEL L L L L]
Sbjct 684  CTTCCAGCCGACGCGAAAGGCCTTACAGCGCAAGGAATGCAAACCGTGAATGCGTTTCTG 663

Query 750 GATGCTGGLATGACACTCTCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCATCC 889

[LLLLELLEEE L L L L L L L L L LT
Sbjct 664  GATGCTGGCGTGACACTCTCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCATCC 723

Query 810 ACGTCGATCACACAATCCACCCTGATTAAAAGCTCATTGAACGCGECCCACGCGCAATAC 869

: IIIIII\IIIII\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
Sbjct 724  ACGTCGATCACACAATCCACCCTGATTAAAAG TGAACGCGGCCCACGCGCAATAC 783

Query 870 AAAACCTTACTGTACAGTCGCGGCAGACTCTTCAGCGACCATCAGATCTGEEAACTGCTE 929

IIIIII\IIIII\II\IIHIIIIIIIIIII\II\II\H\II\IIIIIIIIIIIIIIH
sbjct 784 AACCTTACTGTACAGTCGCGECAGACTCTTCAGCGACCATCAGATCTGEGAACTGCTG 843
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Query 930 GEAGCCACCATGCTCATCAGCCAGAATEACACCAAAALCGAGTATTTCACGCTCGACAAT 988

: IIIIIIIIIIIIIII\IIHI\II\II\II\IIIII\IHII\II\II\II\IIIII\H
Sbjct 844  GEAGCCACCGTGCTCATCGGCCAGAATGACACCAAAAACGAGTATTTCACGCTCGACAAT 903

Query 998 GCGCGCGAGATCAACACGTTCGCGCTGGAAACAAGCCTGGGACACTTAAGCATGTGGTCG 1842

) [LLLLELECTE L EL L CE L P L L L e T L L]
Sbjct 984  GCGCGCGAGATCAACACGTTCGCGCTGGAAACAAGCCTGGGACACTTAAGCATGTGETCG 963

Query 1858 TTGAACCGCGACCAGCAATGCGGCGAAAACTATACGAACACAAACACGCTCARAACGTTC 1182

IIIIIIIIIIIIIII\IIHI\II\II\II\IIIII\IHII\II\II\II\IIIII\H
sbjct 964  TTGAACCGCGACCAGCAATGCGGCEAAAACTATACGAACACAAACACGCTCARRACGTTC 1023

sl e

Shjct 1824 TGCAGCGGCAGGAAACAGACGGACGGCGAAT TCGCCACCACTCTGGGATCAGGATTCCGA 1883

Query 1178 GGCACACCGGGCACGCTCATCGATTTCGACAACACAAGCTGGAATTCCTCTCAGCAGGCT 1229

IIIIIIIIIIIIIII\IIHI\II\II\II\IIIII\IHII\II\II\II\IIIII\H
Sbjct 1884 GGCACACCGEGCACGCTCGTCGATTTCGACAACACAAGCTGGAATTCCTCTCAGCAGGCC 1143

Query 1238 TACCCCACATGGGAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTGGAACGGE 1282

Sbjct 1144 TACCCCACATGGEAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTGGAACGGE 1263

Query 1298 AATATCTACGAATCGCTGGGCAACAACGAAAACGAGCAGCCAGACAGCGCCGAGGAAGGL 1340
) |||||||||||||||\|IH|\|I\||\||\||||I\IHII\II\II\II\IIIII\H

Sbjct 1204 TACGAATCGCTGG GAAAACGAGCAGCCAGACAGCGCCGAGGAAGGL 1263

Query 1358 T?TT?T?T 1357

Shjct 1264 ACCAACGC 1271

As a resultof the alignmentperformed usingthe Geneious Prime program for N3 and

genomic DNA sequences, 98.534% similarity was found.

3 N3
3 98.534%
N3 98.534%

1 100 200 300 400 500 600 700 800 300 1,000 1,100 1,200 1,302
Consensus
R
fe 1.3 Hin
Ce 2.N3 ! 1 mn

C3/BBKW_1881
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for C-His tagged recombinant enzyme (BBKW_1881) with the genomic DNA

sequence, the similarity percentage was determined as 99.92%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query i i
1 250 300 730 1000 1250
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Score Expect Identities Gaps Strand
2270 bits(1229) 0.0 1231/1232(99%) 0/1232(0%) Plus/Plus

Query 75 TETTTCCAGGAAGGCGTTTTTCCTTCCTCCGATTGTTCATAGCAATACTATGCATCGCGE 134

Sbjct 2 GTTTCCAGGAAGGCATTTTTCCTTCCTCCGATTGTTCATAGCAATACTATGCATCGCGE 61
e \“f?T|T?T?TTTT?TTTTTT?TTTT?TTTTTT?HTTTTTTTTT?TTT?TTTTTT‘P‘?||u -
Sbjct 62 TCGTCECAGCCGEECACATEETCGTGLATCACGT TCACGCGAACGGLGGLTAAGARATT 121

Query 1095 CGGAGCCCTOATTCGGLGGCTATGTGRACGTGACCACAACCCCCTCATACGAGTTCGAAT 254

Sbjct 122  CGGAGCCCTGGTTCGGCGGCTATGTGGACGTGACCACAACCCCCTCATACGAGTTCGAAT 181

Query 255  CCAAGGTGGGCAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGLCGGCGACGACT 314

, FECLCELLLEE DL LT
Sbjct 182  CCAAGGTGGGCAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGCCGGLGACGGCT 241

Query 315 GCCAGCCAAGCTGGGGELGGCTATTACACGCTTGATGAAGCGGCCTCCACACTTGATCTTG 274

Sbjct 242 GCCAGCCAAGCTGGGGCGGCTATTACACGCTTGATGAAGCGGCCTCCACACTTGATCTTG 3@l

Query 375  ACAGTCGCATCGCGCAAACCTACAAAACCGACCGCACGGTAACCGTCAGCTTCGGCGGAC 434

, \\|||\||||\||I\\|||\\|||\||||\||||\||||\||||||||||I|||||||\
Sbjct 362  ACAGTCGCATCGCGCAAACCTACAAAACCGACCGCACGGTAACCGTCAGCTTCGGCGGGC 361

T T T TTTTTTT ™

Sbjct 362  AGAACGGCACCGAACTGGCCGCCGCATGCACCGACGTCGACGCACTTGCCAACGCATACC 421

Query 495  AGCAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAAARCACGAATC 554

Sbjct 422  AGCAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAAAACACGAA 481

Query 555  TCGACGGCTACAGTGAAACCGCAACCCGGCGAGCGCAAGLCGTGGTAARACTCATCGCCA 614

\\|||\||||\I||\\|||\\|||\||||\||||\||||\|||I||||||||||||||H
Sbjct 482  TCGACGGCTACAGTGAAACCGCAACCCGGCGAGCGCAAGCCGTGGTAMMACTCATCGCCA 541

Query 615  ATGAAAAAGCGAAAAACARAGGAAAAGACGACACCAGTCACGATCTGATCATCAGCCTRA 674

Sbjct G542 GAAAAGACGACACCAGTCACGATCTGATCATCAGCCTGA 681

Query 675  CGCTTCCAGCCGACGCGAAAGGCCTTACAGCGCAAGGAATGCAAACCGTGAATGLGTTTC 734

, FECCLELELEE LT L LR LT
Sbjct 662  CGCTTCCAGCCGACGCGAAAGGCCTTACAGCGCAAGGAATGCAAACCGTGAATGCGTTTC 661

ol imnitiimthantins

Sbjct 662 TGGATGCTGGCGTGACACTCTCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCAT 721

Query 795 CCACGTCGATCACACAATCCACCCTGATTAAAAGCTCATTGAACGCGGCCCACGCGCAAT B854

[CLLELEEELEEECE LR e L e e
Sbjct 722 CCACGTCGATCACACAATCCACCCTGATTAAAAGCTCATTGAACGCGGCCCACGCGCAAT 781

TP T I

Sbjct 782 CARAACCTTACTGTACAGT CGCGGLAGACTCTTCAGCGACCATCAGATCTGGEAACT 841

Query 915  TGGGAGCCACCGTGCTCATCGGCCAGAATGACACCAAAAACGAGTATTTCACGCTCGACA 974

EECCEELLETELEREEEEEEC L e e L L
Sbjct 842  TGGGAGCCACCGTGCTCATCGGCCAGAATGACACCAMAAACGAGTATTTCACGCTCGACA 2@l

Query 975  ATGCGCGCGAGATCAACACGTTCGCGCTGGAAACAAGCCTGGGACACTTAAGCATGTGGT 1@34

Sbjct 982  ATGCGCGCGAGATCAACACGTTCGCGCTGGAAACAAGCCTGRGACACTTAAGCATGTGGT 961

Query 1035 GCAATGCGGCGARAACTATACGAACACABACACGCTCARAACGT 1804
, |||\|||\|||\\III\|||\|||\||||\||||||||\III\\III\III\III\III

Shict 962 CAGCAATGLGGCEARAACTATACGAACACARACACGCTCARRACGT 1821

o .

Shjct 1622 GCAGGAAACAGACGGACGGCEAATTCGCCACCACTCTEGGATCAGGATTCC 1881

Query 1155 CAMGCTGGAATTCCTCACAGCAGE 1214
, |||\|||\|||\\III\|||\||I\||||\||||||||\|||\\I||\|||\ [

Shjct 1682 AGCTGGAATTCCTCTCAGCAGE 1141

Query 1215 CCTACCCCACATGGGAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTGGAACG 1274
CECCLEELEEECEREEEEEEC e L e L LT EL LT

Sbjct 1182 CCTACCCCACATGGGAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTEEALCG 1281

Query 1275 ATATCTACGAATCGCTGGGCAACAACGAL 1306

|||\III\III\\III\III\III\IIII\I
Shjct 1282 GCAATATCTACGAATCECTGEGCAACAACGAS 1233

As a resultof the alignment performedusingthe Geneious Prime program for C3 and

genomic DNA sequences, 99.462% similarity was found.

c3 99.462%

"\ '\I‘)D ll:)D SI:)D APD SI:)D EPD 7\?0 EI?D BPD 'U‘)DD 'L'!DD '\JZ‘DD 1,30"\
Consensus
- ——————
Le 1.3 H H— !
= 2. C3 1 [ N | 1
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S3/BBKW_1881
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for SUMO tagged recombinant enzyme (BBKW_1881) with the genomic DNA

sequence, the similarity percentage was determined as 99.92%.

Distribution of the top 1 Blast Hits on 1 subject sequences

1 250 500 750 1000 1250

Score Expect Identities Gaps Strand

2344 bits(1269) 0.0 1271/1272{99% 0/1272{0%) Plus/Plus

Query 65 TTTCCAGGAAGGCGTTTTTCCTTCCTCCGATTGTTCATAGCAATACTATGCATCGCGCTC 124
FLLEEELEEEEL L e E e e ey e b e e e el

shjct 4 TTTCCAGGAAGGCGTTTTTCCTTCCTCCGATTGTTCATAGCAATACTATGCATCGCGCTC 632

Query 125 GTCGCGGCCOGCACATEGTCCTGGATCACGTTCACGCGAACGGCGLCTAAGARATTGCCG 184

ILLLLLL L EEE L L L L P LTI
Sbjct 64  GTCGUGECCGGCACATGGTCGTGGATCACGTTCACGCGAACGGCGGCTAAGARATTGCCG 123

Query 185 GAGCCCTGGTTCOGCGECTATGTGEACGTGACCACAACCCCCTCATACGAGTTCGAATCC 244

FLLELLL LR e e e b e e e
sbjct 124  GAGCCCTGGTTUGGCGECTATGTGEACGTGACCACAACCCCCTCATACGAGTTCGAATCC 183

Query 245 AAGETGEGCAATCTCTACCGGAATETGATTCTCGGATTCGTCACTGCCGGLGACGGCTGE 384

I\IIIIIIIHII\\IIIIIIIIIII\III\IIHIII\III\III\IIIIIIIIIIIH
Sbjct 184 GGTGGGCAATGTCTACCGGAATGTGATTCTCGGATTCGTCACTGCCGGCGACGGCTGE 243

Query 385 CAGCCAAGCTGGEGCGECTATTACACGCTTGATGAAGCGGCCTCCACACTTGATCTTGAC 364

FLELEL L LR e e e L L L e
sbjct 244  CAGCCAAGCTGGGEGCGECTATTACACGCTTGATGAAGCGGCCTCCACACTTGATCTTGAC 383

Query 365  AGTCGCATCGCGCAAACCTACAAAACCGACCGCACGGTAACCGTCAGCTTCGGCGGGCAG 424
I\IIIIIIIHII\\IIIIIIIIIII\III\IIHIII\III\III\IIIIIIIIIIIH

Sbjct 304  AGTCGCATCGCGCAAACC ACCGCACGETAACCGTCAGCTTCGGCGEGCAG 363

Query 425 CGGCACCGAACTGECCGCOGCATGCACCGACGTCGACGCACTTGCCAACGCATACCAG 484
I\IIIIIIIHII\\IIIIIIIIIII\III\IIHIII\III\III\IIIIIIIIIIIH

sbjct 264 CGECACCGAACTGECCECCGCATGCACCGACGTCEACGCACTTGCCAACGCATACCAG 423

Query 485 CAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAAAACACGAATCTC 544

FCLLLLLLEL P e L L L L L Ll
Sbjct 424  CAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGATATCGAAAACACGAATCTC 483

Query 545  GACGGCTACAGTGAAACCGCAACCCGGCGAGCGCAAGCCGTGGTAAMACTCATCGCCAAT 664
I\IIIIIIIHII\\IIIIIIIIIII\III\IIHIII\III\III\IIIIIIIIIIIH

sbjct 484  GACGGCTACAGTGAAACC CGECEAGCGCAAGCCGTGGTAAAACTCATCGCCAAT 543

Query 685  GAAAAAGCGAAAAACAAAGGAAAAGACGACACCAGTCACGATCTGATCATCAGCCTGACG 664
) I\IIIIIIIHII\\IIIHIIIIII\IH\III\IIIHII\III\IHIIIIIIIIH

sbjct 544 ACGACACCAGTCACGATCTGATCATCAGCCTGACG 663

Query 665  CTTCCAGCCGACGCGAAAGGCCTTACAGCGCAAGGAATGCAAACCGTGAATGCGTTTCTG 724
PLLELELE P e L L LIl

Shjct 684 CTTCCAGCCGACGCGAAAGGCCT TACAGCGCAAGGAATGCAAACCGTGRAATGCGTTTCTG 663

Query 725 GATGCTGGCGTGACACTCTCCACCOGTGAATCTCATGACCATGGATTTCAACGTGGCATCC 784

FLLLLLLL L L L L LT LT
Sbjct 664  GATGCTEGCGTGACACTCTCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCATCC 723

it .
Shjct 724 ACGTCGATCACACAATCCAC TCATTGAACGCGGCCCACGCGCAATAC 783
R ntimgimnnnttgmsiiin i
Sbjct 784 AAAACCTTACTGTACAGTCGCGGCAGACTCTTCAGCGACCATCAGATCTGGEAACTGCTG 842
Query 985 AGAATGACACCAAAAACGAGTATTTCACGCTCGACAAT 964
, \II\IIIII\IIIIII\IIIIIIIIIIII\II\IIIII\IIIIII\IIHI\IIIIIIII
sbjct 844 ACCAAAAACGAGTATTTCACGCTCGACAAT  9€3
Query 985 GCTEGALACAAGCCTGGGACACTTAAGCATGTGGTCG 1624
, \II\IIIII\IIIIII\IIIIIIIIIIII\II\IIIII\IIIIII\IIHI\IIIIIIII
sbjct 984 CTEGAAACAAGCCTGGEACACTTAAGCATGTGETCG 963
Query 1625 GAACACAAACACGCTCAARACGTTC 1084
, \||\||IIHI|||||\|||||||||||H||\II||IHIIIIIHIHIHIIIIIII
sbjct 964 CGGCGARAA GAACACAAACACGCTCARRACGTTC 1023
e ..
Sbjct 1824 TGCAGCGGCAGGAAACAGACGGACGGCGAATTCGCCACCACTCTGEGATCAGGATTCCGA 1683
Query 1145 GGCACACCGGGCACGCTCGTCGATTTCGACAACACAAGCTGGAATTCCTCTCAGCAGGCC 1204

Shjct 1884 GGCACACCGGGCACGCTCGTCGATTTCGACAACACAAGCTGGAATTCCTCTCAGCAGGC 1143

Query 1285 TACCCCACATGGGAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTGGAACGGE 1264

Sbjct 1144 TACCCCACATGGGAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTGGAACGGC 1283

Query 1265 AATATCTACGAATCGLTGGGCAACAACGAAAACGAGCAGCCAGACAGCGCCGAGGAAGGC 1324

Sbjct 12e4 GAGCAGCCAGACAGCGCCGAGGAAG 1263
Query 12325 ACCAACGCACCG 1336

Sbjct 1264 AACGCACCG 1275
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As a result of the alignment performed using the Geneious Prime program for S3 and

genomic DNA sequences, 99.923% similarity was found.

W

99.923%

53 99.923%
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N4/ BBPC_1683
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for N-His tagged recombinant enzyme (BBPC_1683) with the genomic DNA

sequence, the similarity percentage was determined as 100%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query
| | | | | |
1 250 500 750 1000 1250
Score Expect Identities Gaps Strand
2287 bits(1238) 0.0 1238/1238(100%) 0/1238{0%) Plus/Plus
Query 1 TCGCGGCCGGCACATGETCGTGGATCACGTTCACGCGAACGGCGGCTAAGAAATTGCCGG 6@

FELLTEELERECE e e LR LT LEELL
Sbjct 77 TCGLGECCGGCACATGGTCGTGGATCACGTTCACGCGAACGGLGECTAAGABATTGLCGE 136

Query 61 AACCCTGATTCGGCGGCTATGTGRACGTGACCGCAACACCCTCATACGAGTTCGAATCCA 128

FLLCLEELEEREEE PR EL e e L LR L EEELE LT LT
sbjct 137  AACCCTEGTTCGGCGGCTATGTGGACGTGACCGCAACACCCTCATACGAGTTCGAATCCA 196

Query 121 TCACCGCCGGCGACGGCTGCC 188
, II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Sbjct 197 GTCACCGCCGGCGACGECTECC 256
Quary 181 CAAGCTGGGEGCGGCTACTACACGCTCGACGAAGCGGCCTCCACGCTCGATCTCGACA 248
) II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Shjct 257 CAAGCTGGGGCGGCTACTACACGCTCRACGAAGCGGCCTCCACGCTCGATCTCGACA 316

Query 241 GCCATATCGCGCAAACCTACAAAACCGATCGCACGGTAACCGTCAGCTTCGGCGGECAGA 288

) II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Sbjct 317  GCCGTATCGCGCAAACCTACAAAACCGATCGCACGGTAACCGTCAGCTTCGGCGGELAGA 376

Query 381 GCACCGAACTTGCCAGTGCATGTTCCGACGTCGATTCCCTTGCCGACGCATACCAGE 368

Sbjct 377 GCACCGAACTTGLCAGTGCATGTTCCGACGTCGATTCCCTTGCCGACGCATACCAGE 436

Query 361  AGGTGATCGACCGCTATCACATCACCTCACTCGACTTCGACATCGAARACTCGAATCTCG 428

II\\IHIIIIIIIII\\IHIIIIII\H\IIIIIIIH\\IIIIIIIIIIHHIIII
sbjct 437  AGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGACATCGAAAACTCGAATCTCG 496

Query 421  ACGGGTACAGCGAAACCGCAACCCGGLGAGCGCAAGCCOTGOCAAAACTCATCGLCAACG 488

, II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Sbjct 497  ACGGETACAGCGAAACCGCAACCCGGCGAGCECAAGC CAAAACTCATCGCCAACG 556

Query 481  AAAAAGCCAAAAACAAAGGEGAAAGACGATACCAGTCACGATCTGATCATCAGTTTGACGC 548

) II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Shjct 557 ACGATACCAGTCACGATCTGATCATCAGTTTGACGC 616

Query 541 TTCCGGCCGACGLAAAAGGTCTTACAACGCAAGGAATGCAMACCGTGAACGCGTTTCTGE 688

) II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Sbjct 617  TTCCGECCGACGLGAAAGGTCTTACAACGCAAGGAATGCARACCETGAACGLGTTTCTEE 676

Query 681  ATGLCGGCGTGACGCTATCCACCGTGAATCTCATGACCATGGATTTCAACGTGGLGTLCA 668

[LLCDELDELEEEEEE LR R L L R L RN EREE LT LT
sbict 677  ATGCCGECGTGACGCTATCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCGTCCA 736

Query 661 CGTCOATCACGCAATCCATGCTGAT CARAAGTTCGCTGAACGCGGCCCACGLGCAATACA 728

, II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII
Sbjct 737  CGTCGATCACGCAATCCATGCTGATCAAMAGTTCGCTGAACGCGGCCCACGCGCAATACA 706

Query 721  AAACGTTGCTGTACAGTCGUGGCAAACTCTTCAGCGACCATCAGATCTGGGAGCTGTTGE 788

Sbjct 797 ACGTTGCTGTACAGTC AGCGACCATCAGATCTGGGAGCTGTTGE 856

Quary 781 AGAACGATACCARAAACGAGTATTTCACGCTCGACAATG 848
) II\HHIIIIIIIII\HHIIIIII\HHIIIIIIH\HIIIIIIIIIHHIIII

Shjct 857 CCAGAACGATACCAAABACGAGTATTTCACGCTCGACAATG 916
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Query 841 (|2(|3
CG

Aﬂl\a’-‘\TCAACF\CGTTCGCACTGGAM\CAAGCCTGGGCCACTTAAGCATGTGGTCGC Q@0

C6CG
CLLCCLCLCELLELL DL PP EL L LT
Caca

Sbjct 917 AAATCAACACGTTCGCACTGGAAACAAGCCTGRGCCACTTAAGCATGTGGTCGE 976

ACCAGCAATGCGGCGAAAACTATACGAACACCAACACGCTCARAACGTTLT 968

G
ELLCLLLLELLELELEEE L EELL L L TR
CGACCAGCAATGCGGCGAAAACTATACGAACACCAACACGCTCARBACGTTCT 1836

T
Sbjct 977 AACCG

Query 961 ?ClATGAAACAGACGGACGGCG#\ATTCGCCACCACATTGGGGTCAGGATTCCGAG 1e28

GCAGCG
‘ COLULELEC LR R ELE LR E L L LTI ]
Sbjct 1837 GCAGCGGCATGAAACAGACGGACGGCEAATTCGCCACCACATTGEGGTCAGGATTCCGAG 1896

Query 1821 CGGGCACGCTCGTCGACTTCGACAATGCCAGCTGGAATTCCTCGCAGCAGGECT 1838
| \\\\IHIIIIIIIIIII\\I\\IIIIIIIIIII\H\\IIIIIIIIIégé+

CACGCTCGTCGACTTCGACAATGCCAGCTGGAATTCCTCGCAGCAG

G

i
Sbjct 1897 CACGCCGG

Query 1881 Ellcl(iClFl\(ll "FCFGGAGCCAGACGTACTGTACMGCMGGCGACA#\GGTGATCTGGMCGGCA 1148
CCCCAC

[1]
GGEGAGCCAGACGTACTGTACAAGCAAGGCGACAAGGTGATCTGGAACGGCA 1216

T T»

|
Sbjct 1157 GT
AATCATTGGGCAACAACGAAMACGAGCAGCCGGACAGCGCCGAGGAAGGCA 1208

Query 1141 xlfﬂl'.ll\'lfcl ‘
GAATCGT AGCAGCCGGACAGCGCCGAGGAAGG 1276

TACG
‘ [l
Sbjct 1217 CTAC

Query 1281 CGAACGCACCGTGGCGCATCATCGGACCGGTGCTATAA 1238

IIIIHII\\\\IHIIIIIIIIHI\\I\\IIHIII
Sbjct 1277 CGAACGCACCGTGGCGCATCATCGGACCGGTGCTATAA 1314

As a resultof the alignmentperformed usingthe Geneious Prime program for N4 and

genomic DNA sequences, 100% similarity was found.

4 M4

4 100%

M4 100%

1 100 200 300 40 500 600 70 800 900 1,000 1,100 1.200 1,308

Consensus
ey |
e 1.4
«2.N4

C4/BBPC_1683
As a result of the analysis comparing the sequencing result obtained with 4 different
primers for C-His tagged recombinant enzyme (BBPC_1683) with the genomic DNA

sequence, the similarity percentage was determined as 99.77%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query | |
1 250 S00 730 1000 1250




Score Expect Identities Gaps Strand

2405 bits(1302) 0.0 1309/1312{99% 1/1312(0%) Plus/Plus
e T T e T
Shjct 1 ATGATGAAACCCCTG-TTTCCAGGAAGACGATTTTCCTTCCTCCGACTGTTCATAGCGAT 59

Query 75 ACTGTGCATCGCGCTCGTCGCGGCCGGCACATGGTCGTGRATCACGTTCACGCGARCGGE 134

i IIIIIIIIII\IIHI\IIIII\I\IIIII\IIIII\II\II\IIIIIHIIIIIIIIH
Sbjct 66  ACTGTGCATCGCGCTCGTCGCGGCCGGCACATGETCGTGEATCACGTTCACGCGAACGGC 119

Query 135 GCTAAGAAATTGCCGGAACCCTGETTCGECGGCTATAGTGGACGTGACCGCAACACCCTC 194

G
LLLLUELUET L EELELLEL L L L L L TEEE L]

shjct 128 GGCTAAGAAATTGCCGEAACCCTGATTCGGOGGCTATGTGRACGTGACCGCAACACCCTC 178
Query 1085 ATACGAGTTCGAATCCAAGGTAGGCAACGTCTACCGGAATGTGATTCTCGGATTCGTCAC 254

Shjct 188  ATACGAGTTCGAATCCAAGGTAGGCAACGTCTACCGGAATGTGATTCTCGGATTCGTCAC 239
I T T T T, 2
shjct 248 GCCGECEACGLCTGCCAGCCAAGCTGGOGLGECTACTACACGCTCGACGAAGLGGLCTC 299

i it

shjct 3ee ACGCTCGATCTCGACAGCCGTATCGCGCAAACCTA GATCGCACGGTAACCGT 359
R it
Shjct 368 AGCTTCGGCGEEGCAGAACGGCACCGAACTTGCCAGTGCATGTTCCGACGTCGATTCCCT 418

Query 435 TGCCOACGCATACCAGCAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGACAT 494

PELLLLELET R EE L L e L e L L L i
Sbjct 428  TGCCGACGCATACCAGCAGGTGATCGACCGCTATCACATCACCTCGCTCGACTTCGACAT 479

Query 405 GAAAACTCGAATCTCGACGGETACAGCGAMACCGCAACCCGGCGAGCGCAAGCCGTGGE 554

i IIIIIIIIII\IIHI\IIIII\I\IIIII\IIIII\II\II\IIIIIHIIIIIIIIH
Sbjct 438 AARACTCGAATCTCEACGGETACAGCGAAACCGCAACCCGECGAGCGCAAGCCETGEC 530

Query 555 AAAACTCATCGCCAACGAAAAAGCCAAAAACANAGGGARAGATGATACCAGTCACGATCT 614

Shjct 548 ARAACTCATCGLCAACG AGGGAAAGACGATACCAGTCACGATCT 592
Query 615 TCATCAGTTTGACGCTTCCGGCCGACGUGARAGGTCTTACAACGCAAGGAATGCARAC 674

GA
LELELEECELEEEEEEEEELEE L LR E LT T

shjct oee GATCATCAGTTTGACGCTTCCGGCCGACGCGAAAGGTCTTACAACGCAAGGAATGCAAAC  ©59
Query 675 CGTGAACGCGTTTCTGEATGCCGGUGTGACGCTATCCACCGTGAATCTCATGACCATGGA 734

shjct 668 GTGAACGCGTTTCTGEATGCCGGLGTGACGCTATCCACCGTGAATCTCATGACCATGGA 719

Query 735 TTTCAACGTGGCGTCCACGTCGATCACGCAATCCATGCTGATCAAAAGTTCGCTGAACGC 794

PEELTLELLLCELEEE Lt EE e L L L e e
Sbjct 728  TTTCAACGTGGLGTCCACGTCGATCACGCAATCCATGCTGATCAAAAGTTCGCTGAACGC 779

Query 795 GGCCCACGCGCAATACARAACGTTGCTGTACAGTCGCGGCAAACTCTTCAGCGACCATCA 854

Shjct 788 GCCCACGCGCAATACARAACGTTGCTGTACAGTCGCGGCAAACTCTTCAGCGACCATCA 838

Quary 855 GATCTGGGAGCTOTTGGOAGCCACCGTOCTCATCGGLCAGAACGATACCARARACGALRTA 914

Shjct 384 GATCTGGOAGCTOTTGGOAGCCACCGTOCTCATCOGLCAGAACGATACCARARACGAGTA 899

Queary 915 ACAATGCOCGCGAAATCAACACGTTCOCACTORARACAAGCCTGEGCCA 974

Shjct 9ee GCOASATCAACA GAAACAAGCC 959

Queary 975 CTTAAGCATGTGOTCGCTGAACCGCGACCAGCAATGCOGCGARAACTATACGAACACCAL 1634

Shjct 968 CTTAAGCATGTGOTCGCTGAACCGCGACCAGCAATGLOGCGARAACTATACGAACACCAL 1619

Quary 1835 GCATGAAACAGACGGACGECGAATTCGCCACCACATT 1694
‘ ||||||||||||||||\||||\||||\||||\||||\||||\||||\||||\||||\|||

shjct 1828 AGCGGCATGAAACAGACGGACGGLGAAT TCGLCACCACATT 1879

Quary 1895 TCAGGATTCCGEEECACGCGEECACGCTCGTCHACTTCGACAATGCCAGCTGEAA 1154
||||||||||||||| CELEECEEEEE PP PR EE PR T PR e

shjct 1888 ATTCCGAGGCACGLCGEECACGCTCGTCHACTTCGACAATGCCAGCTGEAA 1139

Query 1155 TTCCTCGCAGCAGGCCTACCCCACGTGELAGCCAGACGTACTGTACAAGCAAGGCGACAS 1214

Sbjct 1148 TTCCTCGCAGCAGGCCTACCCCACGTGGGAGCCAGACGTACTGTACAAGCAAGGCGACAA 1198
Query 1215 GGTGATCTGGAACGGCAATATCTACGAATCGTTGGGCAACAACGARAACGAGCAGCCGRA 1274
Shict 1208 [Léléi'rélééﬂc'éé!;LMHHA%éAMééHééé‘cJ\iéM\c'émiiéﬁéc'ié'cc‘ééﬁ 150
Query 1275 GGACCGGETGCTA 1326

Shjct 12688 CCGETACTA 1311

As a resultof the alignment performedusingthe Geneious Prime program for C4 and

genomic DNA sequences, 99.847% similarity was found.
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Cc4 99.847%

1 100 200 300 400 500 600 700 800 200 1,000 1,100 1,200 1,308
Consensus
Ietentity | —
Cw 1.4 1 |
Ce 2.C4 ! !

67



S4 /| BBPC_1683

As a result of the analysis comparing the sequencing result obtained with 4 different
primers for SUMO tagged recombinant enzyme (BBPC_1683) with the genomic DNA
sequence, the similarity percentage was determined as 99.85%.

Distribution of the top 1 Blast Hits on 1 subject sequences

1 250 500 750 1000 1250
Score Expect Identities Gaps Strand
2377 bits(1287) 0.0 1291/1293(99% 0/1293(0%) Plus/Plus
Query 1 GGAAGACGATTTTCCTTCCTCCGACTGTTCATAGCGATACTGTGCATCGCGCTCGTCGLG 6@

CLCLLELLE DL L EE L L EE L ELE LT LT
Sbjct 22 GGAAGACGATTTTCCTTCCTCCGACTETTCATAGCGATACTGTGCATCGCGCTCGTCGCGE 81

Query 61 GCCGGCACATGGTCGTGGATCACGTTCACGCGAACAGCGGUTAAGAAATTGCCGRAACCT 1268

GGAACC
) I\IIIIII\I\IIHII\I\IIIIII\IHIII\I IIIIII\HIIIIIIIIIII\IH
sbjct 82 CCEGCACATGGTCGTGGATCACGT TCACGCGAACGGCGECTAAGAAATTGCCGGAACCC 141

Query 121 TGGETTCGGCGGCTATGTGGACGTGACCGCAACACCCTCATACGAGTTCGAATCCAAGGTA 188

shjct 142 TGETTCGECEGECTATGTGGACGTGACCGCAACACCCTCATACGAGTTCGAATCCAAGGTA 281

Query 181 GGCAACGTCTACCGGAATGTGATTCTCGRATTCGTCACCGCCGGCGACGGCTGCCAGCCA 248

shjct 282 GGECAACGTCTACCOGAATGTGATTCTCGRAT TCATCACCGUCGLCGACGLCTECCAGCCA 261

Query 241  AGCTGGGGCGGCTACTACACGCTCGACGAAGCGARCCTCCACGCTCGATCTCGACAGCCGT 388

FLLLEELLER R e e C e e e e e L e ey
Sbjct 262  AGCTGGGGCGGCTACTACACGCTCGACGAAGCGGCCTCCACGCTCGATCTCGACAGCCGT 321

Query 381  ATCGCGCAAACCTACAAAACCGATCGCACGGTAACCGTCAGCTTCGGCGGGCAGAALG 360

shjct 322 ATCGCGCAAACCTACAAL GATCGCACGGTAACCGTCAGCTTCGGCGGGCAGAACGGE 381

Query 361 ACCGAACTTGCCAGTGCATGTTCCGACGTCGATTCCCTTGCCGACGCATACCAGCAGGTG 428

shjct 382 ACCGAACTTGCCAGTGCATGTTCCGACGTCGATTCCCTTGCCGACGCATACCAGCAGGTG 441

Query 421 ATCOACCGCTATCACATCACCTCGCTCGACTTCGACATCGARAACTCGAATCTCGACGEE 488

FLLCLELLETELE L L L EE P L L L LT LT
Sbjct 442  ATCGACCGCTATCACATCACCTCGCTCGACTTCGACATCGAAAACTCGAATCTCGACGGG 561

CCAACGAAAAS 548

CECAAGC TCATCG
I\IHIII\I\IIIIII\HIIIIIIIIIII\IH
GCGCAAGCC TCGCCAACGAAAAA 561

Query 481 TACAGCGAAACCGCAACCC TT?Tl
Sbjct 582 TACAGCGAAACCGLAACCCGGCGA

Query 541 GCCAARAACAMAGGGARAGACGATACCAGTCACGATCTGATCATCAGTTTGACGCTTCCG 688

) I\IIIIII\I\IIHII\I\IIIIII\IHIII\I\IIIIII\HIIIIIIIIIII\IH
sbjct 562 ACGATACCAGTCACGATCTGATCATCAGTTTGACGCTTCCG 621

Query 681 GCCGACGCGAAAGGTCTTACAACGCALGGAATGCAAACCATGAACGCGTTTCTGGATGLC 668

shjct 622 GCCOACGCGAAAGGTCT CAMACCGTGAACGCGTTTCTGRATGLC 681

Query 661 GGCGTGACGCTATCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCGTCCACGTCG 728

[LLLLEE L L LR L e L e EEE LT
Sbjct 682 GGCGTGACGLTATCCACCGTGAATCTCATGACCATGGATTTCAACGTGGCGTCCACGTCG 741

Query 721  ATCACGCAATCCATGCTGATCAAAAGTTCGCTGAGCGCGGCCCACGCGCAATAL 780

shjct 742 ATCACGCAATCCATGCTGAT CGCTGAACGCGGCCCACGCGCAATACARAA 881

e HTTT?TTT?‘HT?‘f‘f?fTT‘T‘?TTT|‘T??T?TTT?TTT‘T‘NTW?‘ETTTT‘?TTT??TTTT -
Shjct 8B2 TTGCTGTACAGTCGLGG! TTCAGCGACCATCAGATCTOGGAGCTGTTGGGAGCC 861
Query 841  ACCGTGCTCATCGGCCAGAACGATACCAAAMACGAGTATTTCACGCTCGACAATGCGCGE 988

FCLLEEELCEE LR P e L LR LL LT
Sbhjct 862  ACCGTGCTCATCGGCCAGAACGATACCAAAAACGAGTATTTCACGCTCGACAATGCGCGC 921

Query 901 TEEARACAAGCCTGAECCACTTARGCATGTGGTCGCTGAAC 968
) |\||||||\|\||H||||||\||||||H\|\|\||||||\|H|||||||\|\|||H

shjet 922 CACTGGAAACAAGCCTEGGCCACTTAAGCATGTGETCGCTGAAC 981

Quary 951 GCAATGCGGCGAAAACTATACGAACACCAACACGCTCAAMACGTTCTECAGE 1828
) |\||||||\|\||H||||||\||||||H\|\|\||||||\|H|||||||\|\|||H

sbjct 982 GCGARAACTATACGAACACCAACACGCTCAAMACGTTCTGLAGE 1841

Query 1821 GGCATGARACAGACGGACGGCGAATTCGCCACCACATTGGGGTCAGGATTCCGAGGCACG 1888

, |\||||||\I\||HII||||\||||||H\|\I\||||||\|H|||||||\|\|||H
Sbjct 1842 ATGAAACAGACGGACGGCGAATTCGCCACCACATTGGEGTCAGGATTCCGAGGCACG 1161

Query 1881 CCGGGCACGCTCGTCGACTTCGACAATGCCAGCTGGAATTCCTCGCAGCAGGCCTACCCC 1148

CELLEEEECE e e et e L L
Sbjct 1182 CCGGGCACGCTCGTCGACTTCGACAATGCCAGCTGGAATTCCTCGCAGCAGGCCTACCCC 1161

Query 1141 TACAAGCAAGGCGACAAGGTGATCTGGAACGGCAATATC 1200
, |\||||||\I\||HII||||\||||||H\|\I\||||||\|H|||||||\|\|||H

Sbjct 1162 TGTACAAGCAAGGCGACAAGGTGATCTGGAACGGCAATATC 1221

Query 1201 GAAAACGAGCAGCCEGACAGCGCCGAGGAAGGCACGAAC 1268
, |\||||||\I\||HII||||\||||||H\|\I\||||||\|H|||||||\|\|||H

sbjct 1222 AGCAGCCGGACAGCGCCGAGGAAGGCACGAAC 1281

Query 1261 ACCGGTGCTATAA 1293
, |\||||||\I\III\IIIIII\IIIIII\I\I\

sbjct 1282 ACCGGTGCTATAA 1314
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As a result of the alignment performed using the Geneious Prime program for S4 and

genomic DNA sequences, 99.847% similarity was found.
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N5/BBOH_0438

As a result of the analysis comparing the sequencing result obtained with 5 different
primers for N-His tagged recombinant enzyme (BBOH_0438) with the genomic DNA
sequence, the similarity percentage was determined as 99.64%.

Distribution of the top 1 Blast Hits on 1 subject sequences

i I | e I ]

1 350 F00 1050 1400 1750
Score Expect Identities Gaps Strand
3013 bits(1631) 0.0 1644/1650(29%) 2/1650(0%) Plus/Plus

i tnintitiamsinminnninndmnngs

Sbjct 1 TCATCGACTCATGCGTCTTCGCAACATGAGCAACGTCCCAGATCCAGATATCAACCCGEE 60

Query 15@ AACAGCCGCAAACAACCCAACCACG GTCTTTGCCAAGCCTTGTCCTTGATT 2089
R T e
Query 21@ CTTCGAGGTCGAAGCAGTGGCAGGGTCATGAGCAT TGTGCACAACGTCGTACC 269
A T .

Query 27@ CAGTTETTTGGCGTCCTTTACCGGTGCGGEAGCATATGGCTTTAACGCTTTAGTCAGTGL 229

LLLLELE LT E L e e e e e e iyl
Sbjct 181  CGETTGTTTGGCGTCCTTTACCGGETGOGEGAGCATATGGCTTTAACGCTTTAGTCAGTGE 248

eainthniinmitimtimsinttinmiintnn e

Sbjet 241 ATCACTCCACTGAGCGACC TGCGCATAGCTCTTGGCAGCAATCCCCTGAGCCGE 308

Query 39@ TGAATCCCTTGCAACCCGCAGCGCTGCAAATTCTTCACTGCTCGTTTTGACAGTTGCGAC 449

Sbjct  3e1 CTGCTCGTTTTGACAGTTGCGAC 36@

Query 45 ATTT?GAATCGAATCTGCCTTGTC(ATC&ACGTCAATAAGCCGTTCAAﬂTCAACACTTT( seo

. | PCLLLLEE LR L e e e e i et e ]
Sbjct 361  ATTCAGRATCGAATCTGCCTTGTCCATCAACGTCAATAAGCCGT 420

Query 51@ CAGTTGGCGTTCTAGTGTTGGATCGTAG&TCTTGCTATATCCGCCGGTGTMTCGGGC?C‘ 569

PELLELL L L TR L L et e ettty
Sbjct 421  CAGTTGGCGTTCTAGTGTTGGATCGTAGATCTTGCTATATCCGCCGGTGTAATCGGGCCC 488

Query 57@ CAGCAACGCCTTGTTAGCCTCGTAGATATTGGTCGCAGACGAGACCGCATCACCGACCGA 629

Sbjct 481 CAGCAACGCCTTGTTAGCCTCGTAGATATTGGTCGCAGACGAGACCGCATCACCGACCGA 548

Query 63@ CTTCGGCGCAGGACTGCTATATGACATTCTCAACAAATAGTGGTTTGCCGCTGCTTTTGA 689

Sbjct 541 CTTCGECGLAGGACTGCTATATGACATT TAGTGGTTTGCCGCTGCTTTTGA 6O@

Query 69@ CTTGGECAAGGCTCATGCCTTGACTCTGCGCAACGGCAGTTTTGGTCCACAACATCGTCGA 749

PLLCEEE L e L e e e e el
Sbjct 681  CTTEGCAAGGCTCATGCCTTGGCTCTGCGCAACGECAGTTTTGETCCACAACATCGTCGA 668

sttt

Sbjct 661 AGGCAAGATATGGTTC GGGTCACCATACGTACGCCCGTCACGATCAGGAGCATA 728

Query 81@ CAGGAACATACCACCTAGACCATGATCTCTGACATATGAGCACACAGAATTGATATGACT  B69

c
PILLELL TR LE T R E PR L LT

Sbjet 721 CAGGAACATACCACCTAGACCATGATCTCTGACATATGAGCACACAGAATTGATATGACT 788

Query 87¢ GCTCGTATAAGGTTCCACGGCATCATACCAACGATTATTCTTGTCCTGTTCCTCGGGGAA 229

CLLCELE L R Lt e et et i e e il
Sbjct 781  GCTCGTATAAGGTTCCACGGCATCATACCAACGATTATTCTTGTCCTGTTCCTCGGGGAL 848

Query 93@ CGTCAGA-CAGGAACGAACCGATCCCTACCGATCAGATCCTGATAGTCGTTCAATGCCGA 988

LLLCEEE PR R LR e e r e e et nntl
Sbjct 841  CGTCAGACCAGGAACGAACCGGTCCCTACCGATCAGATCCTGATAGTCGTTCAATGCCGA 088
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Query G829 AGCCGTACGCGCCGCGTCGTCACCATATTGCTGATAGGCCACGTAGT CGAAL
\

C.
FECLLLELLELLLE LR L LR L LT L] \Ié

AGTCACT 1848
11 |
Sbjct oe1l AGCCGTACGCGCCGCGTCOTCACCATATTGCTGATAGGCCACGTAGT CGAAA

[111]
AGTCACT ©oce
Query 1849 GACGTTGCGTAAAGGACGAAGGTCGCTTCCAGTTGGTGTCATATAATAGCATTGCGCCATT 1188

Sbjct 961 GACGTTGCGTAAAGGACGAAGGTCGCTTCCGTTGGTGTCATATAATAGCATTGTGCCATT 1828

Query 1189 GTTCGCTTTGGGGCCGACCAACGTCGAAAGCGCTTTGATCACGCCATCGGAGAGCTTGAT 1168
e e ORI
Query 1162 CTGCTCGGTGGTGGGACGAGTCTCCATGTCAATAT - CAGACCATCGAGTCCCCACGCATC 1227
cover 100 LTI e
Query 1228 CATCAGCTCGCTTTTCAGCTGCTTGGCATAGTCGAGATATTCGGTCTCGGTGGGTTCGGE 1287
over 1101 WAL e
Query 1288 ACTGGCATGAGGAACACGCAACAGTTTTCCATAGT! CTCGCACCAGCTTGACGCC 1347

IIIII\\IIIIH\\\\IIIII\\\IIIIIIIIIIIIIII\IIIIIII\\\IIIIH ]
Sbjct 1281 ACTGECATGAGGAACACGCAACAGTTTTCCATAGTCGAAACCTCGCACCAGCTTGACACC 1268

Query 1348 ACGGGCATGTAGGTTTGGGGCGTAATCACTTTTCAGCTTGTCAAAGAACGGCTGGGCCTG 1487

Sbjct 1261 ACGGGCATGTAGGTTTGGGGCGTAGTCACTTTTCAGCTTGTCAAAGAACGGCTGGGCCTG 1328

Query 1483 AGCGTCCTGACCACAGGGCACATAGCTGAACACATTGACGACATCGACTCCGTAGGGGAT 1467

FECLLLLLUELLEE LR L L L LT LR L]
sbjct 1321 AGCGTCCTGACCACAGGGCACATAGCTGAACACATTGACGACATCGACTCCGTAGGEGAT 138@

Query 1468 GTCATTCATCGTGATCCAGTTGTCATCGGTCAACGAGGTGTTCACTCCTTTCATGGTTTT 1527

TECLLLELLEL L L LR LT LL
sbjct 1381 GTCATTCATCGTGATCCAGTTGTCATCGGTCAACGAGETGTTCACTCCTTTCATGGTTTT  144@

Query 15228 GTCGCGCCAGGCACGGTAATATACCATGAAATGTCGCTTCTGGGTAGCAGTTTGCTGCTG 1587

TECLLLELELE L LT L LR L]
Sbjct 1441 GTCGCGCCAGGCACGGTAATATACCATGARATGTCGCTTCTGGGTAGCAGTTTGCTGCTG 1508

Query 1583 AAGGCEEATGGTTCCEACTGGCCAATG AGCGGCCEECACAAACAC 1647

CTCGEAC GCGEC
IIIII\\IIIIH\\\\IIIII\\\IIIIIIIIIIIIIII\IIIIIII\\\IIIIH\\\
CTCGEAC GCGCC

Sbjct 1581 AAGGCEGATGGTTCCGACTGGCCAATG AGCGGCCGGECGCAAACACCAG 1568

Query 1648 CATGGETCGCAGCGATCACGGCAATCGCCACAGCCGAACATAATGGTCGCAGTCTCTCGGA 1767
IIIII\\IIIIH\\\\IIIII\\\IIIIIIIIIIIIIII\IIIIIII\\\IIIIH\\\

sbjct 1561 CATGETCGCAGCGATCACG CCACAGCCGAACATAATGGTCGCAGTCTCTCGEA 15628

Query 1782 AACGTCGATATGCAAGTTCCTATTCATCAT 1737

FECLLLLTLELLLE LRI ELI LT ]
sbjct 1621 AACGTCGATATGCAAGTTCCTATTCATCAT 165@

As aresultof thealignmentperformed usingthe Geneious Prime program for N5 and

genomic DNA sequences, 99.636% similarity was found.
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C5/BBOH_0438
As a result of the analysis comparing the sequencing result obtained with 5 different
primers for C-His tagged recombinant enzyme (BBOH_0438) with the genomic DNA

sequence, the similarity percentage was determined as 98.37%.

Distribution of the top 1 Blast Hits on 1 subject sequences

|
1 300 &00 Q00 1200 1500
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Score Expect Identities Gaps Strand
2896 bits(1568) 0.0 1627/1654(98%) 9/1654{0% Plus/Plus
Query 19 TCATCGACTCATGCGTCTTCGCAACATGAGC AACGTCCCAGATCCAGATATCAACCCGGE 78
Wittt
Query 79 ARCAGCCGCAMACAACC ACCCGTCTTTGCCAAGCCTTGTCCTTGATT 138
e o SOGIOETTTTTAITITTTT .
Query 139 CTTCGAGGTCGAAGCAGTGGCAGGGTCATGAGCATTAAGCGATGTGCACAACGTCGTACC 198
Sojct 121 CHEOALSTLGMALAGTES ALSGTEATGAN AT AL GATEMEALANGHES AL 120
Query 199 CGGTTGTTTGGCGTCCTTTACCGGTGCGGGAGCATATGGCTTTAACGCTTTAGTCAGTGC 258
sojcr 181 LML TALLHUUS AR AN HASI AT 200
Query 259 ATCACTCCACTGAGCGACCTGAACCTGCGCATAGCTCTTGGCAGCAATCCCCTGAGCCGE 318
Soict 201 ATACTOCATOAGLOALETSMELTALAATACT T TGt AGLAATE L TEARLEE 300
Query 319 TEAATCCCTTGCAACCCGCAGCGCTGCARATTCTTCACTGCTCGTTTTGACAGTTGCGAL 278
N T
Query 379 ATTCAGAATCGAATCTGCCTTGTCCATCAACGCCAATAAGCCGTTCARATCAACACTTTC 438
Sojct 361 ATTCAGMTLGAATLIGLLHGHARAMETUMTAMKLE HUMILALALTHE 420
Query 439 CAGTTGGCGTTCTAGTGTTGGATCGTAGATCTTGCTATACCCGCCGGTGTAATCGGGCCC 498
ittt
Query 4899 CAGCAACGCCTTGTTAGCCTCGTAGGTATTGGTCGCAGACGAGACCGCATCACCGACCGA 558
Sojct 481 CAGCAALGITTOTTAGLETLETAGATAT IO TCOCAGA GASALLGLATLAL LA A 50
Query 559 CTTCGECGCAGGACTGCTATATGACATTCTCAACAAATAGTGGTTTGCCGCTGCTTTTGA &18
sojer sa1 CHESLSCABATETATATAAHE MM A S THEL UG coe
Query 619 CTTGGCAAGGCTCATGCCTTGGCTCTGCGCAACGGCAGTTTTGGTCCACAACATCGTCGA 678
et eon LU IO RTTTIT o
Query 679 AGGCAAGATATGGTTC TCCGGGTCACTATACGTACGCCCGTCACGATCAGGAGCATA 738
coset o0 MM RO AT I, o
Query 739 CAGGAACATACCACCTAGACCATGATCTCTGACATATGAGGACACAGAATTGATATGACT 798
Sojct 721 CAMSMUATACACHTAGALATEATETETAACATATSALGACALAGRATTGATATEALT 70
Query 799 GCTCGTATAAGGT TCCACGGCATCATACCAACGATTATTCTTGTCCTGTTCCTCGGEEAA 858
sbjer 781 GUTCSTATAMGEHILEALGSATEATALEAMESAHAHEE U HE Leeta see
Query 859 COTCAGACCAGGAACGAACCGGTCCCTACCGATCAGATCCTGATAGTCGTTCAATGCCGA 218
NS TR
Query 919 AGCCGTACGCGCCGCGTCGTCACCATATTACTGATAGGCCACGTAGTCGAAACAGTCACT &78
Sojct s AGCEGTACGUELLCTLTEAATATGHIEATALGUALGTAGTEbAAASTEALT 060
Query @79 GACGTTGLGTAAAGGACGAAGGGCGC -AAC- -AAGCGTCCATTGCAT -ATAGCATTGTGC 1834
Shict o651  GACGTIALCTAMEGALIMUTLE TClaTratrdt-dh-1--AAMANATIEIE 1016
Query 1@35 CATTGTTCACTTTGGGGCCGACCAACGTCGARAGCGCTTTGATCACGCCATCGGAGAGCT 1894
Shict 1017 CATTGHTCGCHHTEGMbECOALCARTEGARGLLTTTOATEAL AT GbAGAST 1076
Query 1@95 TGATCTGCTCGGTGGTGGGACGAGTCTCCATGTCAATATCCAGACCATCGAGTCCCCACG 1154
Soict 1077 TOATCTACTULSTEGTESALALIIEATHATATLLGA A A tAth 1136
Query 1155 CATCCATCAGCTCGCTTTTCAGCTGCTTGGCATAGTCGAGATATTCGGTCTCGGTGGETT 1214
Soict 1137 CAREATCARTAACHTIEAHELHUGATA U GAM AL T 1206
Query 1215 CGGCACTGGCATGAGGAACACGCAACAGTTTTCCATAGTCGAAACCTCGCACCAGCTTGA 1274
qosce oo SR AL T e
Query 1275 CACCACGGGCATGTAGGTTTGGGGCGTAGTCACTTTTCAGCTTGTCAAMAGAACGGLTGGE 1334
Sojct 1257 CACCALGGRUATSTALSTITAASEUAAL AL T MMM TS 1316
Query 1335 CCTGAGCGTCCTGACCACAGGGLACATAGCTGAACACATTGACGACATCGACTCCGTAGG 1394
sict 1317 LHOATUIAMAMBEIATIMAAA A EALTAS 1376
Query 1395 GGATGTCATTCATCGTGATCCAGTTGTCATCGGTCAACGAGGTGTTCACTCCTTTCATGG 1454
Soict 1377 GOATGTCATTLATCETRATCLAGTTTCATLOGTAACOAGETTHALTELTTHEATSS 1436
Query 1455 TTTTGTCGCGCCAGGCACG! GTCGCTTCTGGGTAGCAGTTTGCT 1514
N T
Query 1515 GCTGCTCGGACAAGGCGGATGGTTCCGACTGGLCAATGGCGCCAGCGGCCGGLGCARACA 1574
sojct 1087 SUIEHEGOAMECEATU T AL ALt Al 1556
Query 1575 CCAGCATGGTCGCAGCGATCACGGCAGTCGCCACAGACGAARATAATGGTGGCAGTATCT 1634
Soict 1557 LCAGCATOTLOABCOATCALSACART ol ARG CCOALCATAAT G TCSEAGTCTLT 1616
Query 1635 CGGAAACGTCGATA-GCAAGTTCGTATTCATCAT 1667

Shict 1617 COMMGTUATATLLARGHECTATUATAT 1650

71



As a result of the alignment performed using the Geneious Prime program for C5 and

genomic DNA sequences, 98.609% similarity was found.
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S5/BBOH_0438

As a result of the analysis comparing the sequencing result obtained with 5 different

L3 [ ]
[T

primers for SUMO tagged recombinant enzyme (BBOH_0438) with the genomic DNA

sequence, the similarity percentage was determined as 99.88%.

Distribution of the top 1 Blast Hits on 1 subject sequences

Query
| | | | | |
1 350 700 1050 1400 1750
Score Expect Identities Gaps Strand
3037 bits(1644) 0.0 1648/1650(99%) 0/1650(0%) Plus/Plus
Query 69 TCATCGACTCATGCGTCTTCGC, CCAGATATCAACCCGGC 128
. II\IIIIIIIIIIIIIIIIII\IIII\IIII\IIIIHIIHIIIHIII\IIII\IIH
sbjct 1 TCATCGACTCATGLGTCTTCG CAGATATCAACCCGGEC ©®
Query 129 AACAGCCGCAAACAACCCAACCACGG ACCCGTCTTTGCCAAGCCTTGTCCTTGATT 188
II\IIIIIIIIIIIIIIIIII\IIII\IIII\IIII\III\IIII\IIII\IIII\III\
Sbjct 61 AACAGCCGCAAACAACCCAACCACG! CCCGTCTTTGCCAAGCCTTGTCCTTGATT 128
e i i .
sbjct 121 CTTCGAGGTCGAAGCAGTGGCAGGGTCATGAG GATGTGCACAACGTCGTACC  18@
Query 249 CGGTTGTTTGGCGTCCTTTACCGGTGCGGGAGCATATGGCTTTAACGCTTTAGTCAGTGC 388
PELLIEL e e e e e e e e rtinty
Sbjct 181 CGGTTGTTTGGCGTCCTTTACCGGTGCGGGAGCATATGGCTTTAACGCTTTAGTCAGTGC  24@
e T T T T T T T >
sbjct 241 ATCACTCCACTGAGCGACC GCGCATAGCTCTTGGCAGCAATCCCCTGAGCCGC  3ee
Query 369 TGAATCCCTTGCAACCCGCAGCGCTGCAAATTCTTCACTGCTCGTTTTGACAGTTGCGAC 428
) II\IIIIIIIIIIIIIIIIII\IIII\IIII\IIII\III\IIII\IIII\IIII\III\
Sbjct 3e1 TGAATCCCTTGCAAC TCTTCACTGCTCGTTTTGACAGTTGCGAC 36@
Query 429 TTGTCCATCAACGTCAAT, 488
. II\IIIIIIIIIIIIIIIIII\IIII\IIII\IIIIHIIHIIIHIII\IIII\IIH
sbjct 361 TGTCCATCAACGTCA, 4ze
el Nttt
Sbjct 421 CAGTTGGCGTTCTAGTGTTGGATCGTAGATCTTGCTATATCCGCCGGTGTAATCGGGCCC  48@
e T T T T T T T T o
sbjct 481 CAGCAACGCCTTGTTAGCCTCGTAGATATTGGTCGCAGACGAGACCGCATCACCGACCGA 549
e ittty
Sbjct 541 CGGCGCAGGACTGCTATATGACATTCTCAACAAATAGTGGTTTGCCGCTGCTTTTGA Ge@
e ittt i
sbjct Be1 CTTGGCAAGGCTCATGCCTTGGCTCTGCGCAACGGCAGTTTTGGTCCACAACATCGTCGA B6@
e R ..
Sbjct 661 AGGCAAGATATGGTTC CGGGTCACCATACGTACGCCCGTCACGATCAGGAGCATA  72@
R i h N
sbjct 721 CAGGAACATACCACCTAGACCATGATCTCTGACATATGAGGACACAGAATTGATATGACT  78@
st ittt i
Sbjct 781 GCTCGTATAAGGTTCCACGGCATCATACCAACGATTATTCTTGTCCTGTTCCTCGGGGAA B4@
Query 9069 CGTCAGACCAGGAAC CTACCGATCAGATCCTGATAGTCGTTCAATGCCGA S68
. II\IIIIIIIIIIIIIIIIII\IIII\IIII\IIIIHIIHIIIHIII\IIII\IIH
sbjct 841 CGTCAGACCAGGAACG CTACCGATCAGATCCTGATAGTCGTTCAATGCCGA See
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Query 969 AGCCOTACGCGCCGCGTCGTCACCATATTGCTGATAGGCCACGTAGTCGARACAGTCACT 1828

Sbjct g9e1 AGCCETACGCGLCGLGTCGTCACCATATTGCTGATAGGCCACGTAGTCGARACAGTCACT 968
Query 1929 ???GTTGCGTAAAGGACGAAGGTCGCTTC(GTTGGTGTCATATAATAGCATTGTGCCATT 1088

Sbjct 961 GACGTTGCGTAAAGGACGAAGGTCGCTTCCGTTGGTGTCATATAATAGCATTGTGCCATT 1028

Query 1880 GTTCECTTTGGEGCCGACCAACGTCGAAAGCGCTTTGATCACGCCATCGGAGAGCTTEAT 1148
IIIIIII\IIIIIIIII\IIIHIIII\\IIIIIIII\\\IIIIII\\\\IIIIII\\\

sbjct 1021 GTTCECTTTGGEGCCGACCAACGTCGAAAGCGCTTTGATCACGCCATCGGAGAGCTTGAT 1086

Query 1149 CTGCTCGGTGGTGGGACGAGTCTCCATGTCAATATCCAGACCATCGAGTCCCCACGCATC 1288
PLELEL DL L L e L e e e L EEETL L]

Sbjct 1081 CTGCTCGETGGTGEGACGAGTCTCCATGTCAATATCCAGACCATCGAGTCCCCACGCATC 1148

Query 1209 E?TCAGCTCGCTTTT(AGCTGCTTGGCATAGTCGAGATQTTCGGTCTCGGTGGGTTCGG( 1268

|
Sbjct 1141 CATCAGCTCGCTTTTCAGCTGCTTGGCATAGTCGAGATATTCGGTCTCGGTGGGTTCGGE 12080

Query 126% ACTGGCATGAGGAACACGCAACAGTTTTCCATAGT TCGCACCAGCTTGACACC 1328
et
Query 1329 ACGGGCATGTAGGTTTGGGGCGTAGTCACTTTTCAGCTTG AGAACGGCTGGGCCTG 1388
over v WL T TR,

Query 1389 AGCGTCCTGACCACAGGGCACATAGCTGAACACATTGACGACATCGACTCCGTAGGGGAT 1448

PLELELLELTLEEL L LRV LT LR
Sbjct 1321 AGCGTCCTGACCACAGGGCACATAGCTGAACACATTGACGACATCGACTCCGTAGGGGAT 1388

Query 1449 GTCATTCATCGTGATCCAGTTGTCATCGGTCAACGAGGTGTTCACTCCTTTCATGGTTTT 1588

Sbjct 1381 GTCATTCATCGTGATCCAGTTGTCATCG%|é||ééiéé#éTTCACTCCTTTCATGGTTTT 1446
Query 1582 GTCGCGCCAGGCACGOTAATATACCATGAAATGTCGCTTCTGGGTAGCAGTTTGCTGCTG 1568
ver v ST RR TN
Query 1562 CTCGGACAAGGCGGATGGTTCCGACTGECCAATGGLGCCAGCGECCGELGCAAACACCAG 1628
oot 1son ST T, o
Query 1629 CATGGTCGCAGCGATCACGGCAATCGCCACAGCCGAACATAATGGTCGCAGTCTCTCGGA 1688
oot e WL o
Query 1682 AACGTCOATATGUCAAGTTCCTATTCATCAT 1718

Sbjct 1621 AACGTCGATATGCAAGTTCCTATTCATCAT 165@

As a result of the alignment performed using the Geneious Prime program for S5 and

genomic DNA sequences, 99.879% similarity was found.
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4.7. Protein Production and Purification

The production of all enzymes was initially carried out on a small scale (8 mL), then
it was produced in large quantities using 250 mL of medium. Firstly, protein production was
initiated with 1% inoculation of LB+kanamycin medium, allowing the E. cloni 10G optical
density to reach approximately 0.5-0.6. L-rhamnose at 0.2% final concentration was added
for the induction of protein expression. After overnight incubation, the bacteria pellets were
collected by centrifugation. The cell lysis method was used to break the cell membranes to
release DNA, RNA, or protein from the induced cells. The homogenization of the cells was
performed by adding lysis buffer and protease inhibitor. The sonication method was also
used for secondary homogenization. Then centrifugation was used to remove cell debris

from lysed cells.

Protein purification was performed using the batch method. Firstly, an equilibration
bufferwasadded into both the Ni-NTA resin and the proteinsto ensure thatthe 6xHis-tagged
proteins interacteffectively with the resin. Ni-NTA resin was added to 6xHis-tagged proteins
and incubated to attach the proteins to the resin. 6xHis tagged proteins bound to nickel resins,
while other natural proteins flowed through the system. The mixture containing the proteins
attached to the resin was washed with wash buffer for the removal of potential pollution by
repeated centrifugation processes. The proteins were separated from the resin with elution
buffer containing high imidazole. The purified proteins were concentrated with an Amicon

tube. The list of purified enzyme codes is listed in Table 14.

Table 14

Codes of N-His tagged, SUMO tagged and C-His tagged purified enzymes
Enzymes N-His SUMO C-His
OU11_RS07620 N1 S1 Cl
BSAE_0444 N2 S2 C2
BBKW_1881 N3 S3 C3
BBPC_1683 N4 S4 C4
BBOH_0438 N5 S5 C5
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According to SDS-PAGE analysis results of each enzyme, it was seen that the
enzymes produced were at the expected kDa value and at least 95 percent purity. It has been
reported that the His-tag causes an increase of 3-5 kDa in the molecular weight of proteins,
and the His-SUMO tag causes an increase of approximately 18 kDa. The expected values
were determined as a result of the theoretical molecular weights of each enzyme (Table 13).
None of the changes detected in DNA sequencing (step 5) caused any stop codon formation.
Consequently, all targeted proteins were successfully produced and purified in high yield by

the batch purification method (Figure 25).

Figure 25. SDS-PAGE analysis of all purified enzymes. N-His tagged, C-His tagged, and
SUMO tagged enzymes were successfully purified with high yield by the batch purification

method.
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4.8. Determination of Purified Enzyme Activities on RNase B by SDS-PAGE
Analysis

The activities of purified enzymes were controlled on RNase B that is 17 kDa N-
glycosylated protein. The molecular weight of RNase B decreases from 17 kDa to 14 kDa
as a result of deglycosylation. Since this difference is a change that can be distinguished by
SDS-PAGE analysis, it is a quick strategy to visually demonstrate the activation of the
enzymes produced. 5 enzymes successfully demonstrated activity on the glycoprotein for 1
hour30 minat37 °C reaction conditions. The molecular weight of the deglycosylated protein
was 14-15 kDa by the purified enzymes. After deglycosylation of RNase B by the enzymes
C1,C2, C3, N3, N5, the deglycosylated protein was visualized at 14-15 kDa in Figure 26.

Figure 26. Determination of Activity of Purified Enzymes on Model Protein RNase B by
SDS-Page analysis; C1, C2, C3, N3, N5 (C, N refer to C-His-tagged, N-His-tagged enzymes

respectively).

4.9. Determination of Optimum Reaction Conditions of Enzymes

The protein mixture used as substrate was prepared by adding 5 mg of
immunoglobulin and 5 mg of lactoferrin proteins to 2 mL whey proteinisolate. The amount
of glycan in the substrate content was increased by adding highly glycosylated
immunoglobulin and lactoferrin proteins to whey protein isolate. When the results obtained
are examined; in general, it has been observed that the glycan concentration obtained as a
result of the reaction was decreased inversely as the pH was increased, regardless of the

temperature.

76



However, enzymes were more effective at pH 5 and 6 than at pH 7. When the results
of the reaction performed at pH 5 and 6 were compared, it was seen that the enzymes tested
at pH 5 showed optimum activity and it was evaluated as the optimum reaction condition.
The results were evaluated as combinations of pH and temperature and enzymes were
observed to be more effective on the substrate at 30 °C and 37 °C than on 24 °C. It was

concluded that especially N3 enzyme showed optimum activity at pH 5 and 37 °C. NCSSI12
Statistical Software program was used to evaluate and plot the results. A three-dimensional
(3D) surface plot was chosen to evaluate and visualize the results of the study conducted to

seethe effectofdifferentpH, temperature combinations on each enzyme activity. 3D surface
graphs of 5 enzymes are listed below (Figures 27-31).
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Figure 28. A 3D surface graph of C2 enzyme
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Figure 29. A 3D surface graph of C3 enzyme
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Figure 31. A 3D surface graph of N5 enzyme
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4.10. Determination of Kinetic Parameters of Enzymes

All enzyme kinetic parameters (Vmax, Km, Kcat/Km, and Kcat) were calculated
considering the slope of the initial part of the reaction. In addition to non-linear regression,
Lineweaver-Burk, Hanes-Woolf, and Eadie-Hofstee methods, which are linearized plotting,
were calculated in Graph Prism 6.0 program to reduce the margin of error in the
determination of the kinetic parameters (Figure 32).
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Figure 32. Lineweaver-Burke, Hanes-Woolf, and Eadie-Hofstee linearized plotting

techniques to estimate the kinetic parameters of all enzymes

When the results are examined, the Vmax (mg/mLxmin) and Km (mg/mL) values
obtained fromthe non-linear regression analysis and plotting based on the Michaelis-Menten
model were determined. The Vmax and Km values for each enzyme were determined as a
result of the calculations made on the Lineweaver-Burk, Eadie-Hofstee, and Hanes-Woolf
linearized plotting technique. Kcat values of 0.916, 0.404, 0.688, 1.008, and 0.540 min+ and
Kcat/Km values of 0.266, 0.371, 0.261, 0.140,and 0.189 mL/(mg x min-1) were calculated
for C1, C2, C3, N3 and N5 enzymes, respectively. Km and Vmax valuesof C1, C2, C3, N3,
and N5 estimated from these linear and non-linear plotting techniques are shown in Table
15.
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Table 15

Kinetic parameters and equations (Km, v, nonlinear equation, linear equations) of 5

differentenzymes (Values plotted on the x and y-axis).

Michaelis- Lineweaver— Eadie— Hanes—
Menten Burke Hofstee Woolf
- V - 5 4 7

Ec,luat,lons of v = M l = (ﬂ)i_k L v=Km + Vmax ﬂ = ! [5] Km
Kinetic Em + [S] v \Vmax/[S] Vmax [s] v Vmax Vmax
characterization
X s /5 WA s
v v 1A v S
C1
Fmax 2.37x 102 2.20x 102 2.17x 102 2.35x 102
Km 3.62 3.44 2.94 3.63
C2
Fmax 9.67x 103 1.0l x 102 9.40x 103 7.99 x 103
Km 0.79 1.09 0.71 3.63
C3
Vmax 1.53x 102 1.72x 102 1.54x 102 1.40x 102
Km 1.84 2.64 1.96 1.47
N3
Fmax 2.25x 102 2.52x 102 1.76 x 102 2.30x 102
Km 5.67 7.18 3.75 6.2
NS
VFmax 2.00x 102 1.35x 102 1.34 x 102 1.87 x 102
Km 6.21 2.85 2.56 5.22

80



CHAPTERS
RESULT AND RECOMMENDATIONS

At the beginning of the study, target genes were determined using bioinformatics
tools. While selecting these genes, attention was paid to their similarity with the amino acid
sequence of EndoBI-1 as well as different Bifidobacteria origin isolated from the feces of
different organisms. Therefore, new glycosidases with similar properties and unique
specificities were determined by bioinformatics studies as intended, and these enzymes were
produced recombinantly by in vivo molecular cloning system. Recombinant enzyme
activities were tested on RNase B, and then optimum reaction conditions and Kinetic

parameters for the selected five enzymes were determined.

The in vivo cloning system kit used in the molecular cloning of target genes provides
fastand reliable results compared to other traditional cloning protocols. In this system, also
known as in vivo cloning, cloning can be performed by mixing the amplified gene with the
cell and the vector (provided with the Kit) without the need forenzymatic ligation. The linear
vector in this system contains 18 nucleotide-long sticky ends at both ends and these
sequences are not complementary to each other. Owing to this feature, the vector completely
prevents the risk of self-ligation or inverted insertion of sequences. Primers required for the
amplification of the target gene are designed according to these ends for strong binding. The
pRham vectors provided in cloning kits contain amino or carboxyl-terminal 6xHis affinity
tags. These vectors facilitate immediate cloning of target genes with these tags, which enable

the purification of proteinsfastly and easily in the native or denaturing conditions.

Although the transformation success efficiency of this cloning system is above 95%,
one of the few disadvantages is the competent cells, which cannot be produced in typical
laboratory conditions. The linearized vector containingcompetentcellsisalso only provided
by only the manufacturer. Thus, the storage and their application should be performed
carefully. I have observed that heat shock transformation should be appliedin 15 mL falcon
tubes compared to 0.2 mL PCR tubes, which are commonly preferred by conventional
molecular cloning methods. After the heat shock transformation, the Colony PCR was used
to confirm successfully transformed cells. When the gel images of amplification were

examined, positive transformants for all tagged genes were separated from the unsuccessful
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colonies and obtained. All PCR products were then sequenced to confirm the genes of
interest. Sequencing data for each gene were read with a total of 4 different primers (5
different primers for the enzymes coded BBOH_0438). In particular, the similarity
percentages of target gene 5 (BBOH_0438) were found to be less than the others due to low
reading quality. None of the changes detected in DNA sequencing caused any stop codon
formation. Consequently, all targeted proteins were successfully produced and purified in
high yield by the batch purification method.

Aftermolecularcloning, protein production isincreased by using L-rhamnoseand its
purification is performedby bindingto nickel columnswith 6xHistidine tagin three different
vectors. To improve the purification efficiency, a SUMO tag has been tested in this study.
SUMO is known to improve the solubility of proteins and this enhances the recovery of
purified protein (Butt et al., 2005). However, no significant increases in recovery were
observed when comparing the SUMO tag with the N- and C-Histidine tags.

Protein purification is a critical step for obtaining enzymesin high purity. Impurities
recovered with the purified protein might mislead downstream experiments, efficiency
calculations, or activity assays, in the case of enzymes. Successful purification efficiency is
often considered to be 95% or more based on visual observationof DNA gel electrophoresis.
Although the same process can be applied for structurally similar proteins, each step of the
purification process should be optimized for higher protein production efficiency and purity.
One of the important steps in this process is the application of a washing buffer to remove
unwanted proteins and other compounds. The concentration of washing buffer can contain
10 to 50 mM imidazole. While a low concentration of imidazole can cause impurities in
enzyme solution, a high concentration of imidazole might diminish the recovery of proteins
from the column. Therefore, at least 3 different concentrations of imidazole should be tested
for the highest efficiency of protein production with the highest purity. All enzymes were

produced in high purity and yield by batch purification method.

The activities of purified enzymes were tested on model glycoprotein RNase B. Only
5 of the 15 enzymes (C1, C2, C3, N3, N5) successfully demonstrated activity on the
glycoprotein. It was determined by both phenol sulfuric acid test and gel mobility test that 5
SUMO-tagged enzymes did not show activity on RNase B. In addition, serious yield

problems were encountered in the production and purification of these enzymes. Although
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they are obtained in pure form, it has been observed that it is not possible to produce high

amounts of purein laboratory conditions.

The optimum reaction conditions of recombinant enzymes showed an activity on
RNase B were determined using glycoprotein-rich substrate containing whey,
immunoglobulin G (1gG) and lactoferrin (Lf). The amount of glycan obtained as a result of
the reaction was measured calorimetrically and the obtained glycan concentration was
determined using the absorbance values obtained. When the results obtained are examined;
in general, it has been observed that the glycan concentration obtained as a result of the
reaction was decreased inversely as the pH was increased, regardless of the temperature. In
general, it was concluded that all five enzymes showed optimum activity at pH 5 at

temperatures of 30-37 °C.

For the Kkinetic parameters (Kn, and Vmnax) 0f recombinant enzymes, a protein coctail
with whey, IgG, Lf, and soy proteins were used as a substrate. Firstly, the substrate mixture
with eight different concentrations, determined in the range of 0.9-7.2 mg/mL, was reacted
with five enzymes under optimum conditions and the amounts of glycans released after 20
minutes were determined calorimetrically. In addition to Michaelis-Menten non-linear
regression, Lineweaver-Burk, Eadie-Hofstee, and Hanes-Woolf linearized plotting
techniques were used. Graphpad Prism 6.0 program was used for the determination of kinetic
parameters, non-linear and linear regression calculations, and graphing of the obtained

results.

As a result, enzymes encoded by Bifidobacteria obtained from different organisms
were produced recombinantly and purified in high yield, their activities were tested on the
model protein, and the optimum reaction conditions and kinetic parameters of the five

enzymes that showed activity on the protein substrates were determined.
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APPENDICES

APPENDIX 1
DNA LADDER USED AS MARKER

DNA Mass Base Pairs
(ng/5ul)
16 25,000
28 10,000
28 8,000
28 6,000
28 5,000
18 4,000
92 3,000
34 2,500
34 2,000
20 1,500
92 1,000
23 750
30 500
45 250

0.7% TAE Agarose Gel



APPENDIX 2
PROTEIN LADDER USED AS MARKER

PageRuler™ Plus Prestained

Protein Ladder
kDa
25 —| -
—— |~ 30 | —
— - ~100 - —
—— - ~70 - -
[R—— —“'55_-
- - ~35 - -
- - ~25 -| ..
— — ~15 - -
| — - ~10 B
(4] 5]

4-20% Tris-glycine SDS-PAGE



APPENDIX 3
BUFFERS AND CONTENTS USED IN PROTEIN PURIFICATION

Lysis Equilibration Wash Elution
Buffer pH 8.0 Buffer pH 7.4 Buffer pH7.4 Buffer pH 7.4
Contents
NaCl 200 mM 300 mM 300 mM 300 mM
Imidazole 1 mM 10 mM 25 mM 250 mM
NaH:PO4 - 20 mM 20 mM 20 mM
SDS 1% - - -

Tris-HCI 50 mM - - -




