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Protein glikozilasyonu, protein katlanması, stabilitesi ve enzimatik koruma dahil 

olmak üzere protein fonksiyonu gibi önemli rollerle ilişkilendirilmiş yaygın bir translasyon 

sonrası modifikasyondur. Glikoproteinler (laktoferrin, immünoglobulinler gibi), protein ve 

glikan ikilisinden oluşmaktadır. Bakteriler, glikoproteinleri sindirebilecek gerekli enzimleri 

içermediğinden onları karbon kaynağı olarak kullanamaz. Bundan dolayı bakteriler üzerinde 

gözlemlenen gelişimin karbon kaynağı glikanlardır. Glikanların glikoproteinlerden ayrılıp 

hücre içine alınabilmesi için ise önce bakterilerin glikosidazlarının bu glikanları kesmeleri 

gerekmektedir. Glikoproteinlere bağlanan N-glikanlar, konakçı tarafından sindirilemez ve 

bazı yararlı bakteriler tarafından tüketildikleri kalın bağırsağa ulaşır. Bu nedenle, bağırsak 

mikrobiyomundaki yararlı mikroorganizmaları seçici bir şekilde uyarabilen yeni nesil 

prebiyotik bileşikler olarak kabul edilirler. Bifidobakteriler, N-glikan salınımı için benzersiz 

bir genomik yeteneğe sahiptir. 

 

Bu tez kapsamında, glikoproteinlerden N-glikan salınımı için farklı organizmalardan 

(bebekler, tavşanlar, tavuklar ve yaban arıları) izole edilen Bifidobakteri suşlarından yeni 

glikosidazların rekombinant üretimi amaçlanmıştır. İlk olarak, Bifidobacterium longum 

subsp. infantis ATCC 15697‘den izole edilen endo-β-N-asetilglukozaminidaz enziminin 

amino asit dizisine benzerlikleri açısından farklı Bifidobakteri suşlarından yeni glikosidazlar 

seçilmiştir. Bu enzimlere genetiksel olarak farklı füzyon etiketler (N-His, SUMO, C-His) 

eklenmiştir ve enzimleri kodlayan genlerin klonlaması için E. cloni 10G hücrelerinde in vivo 

klonlama tekniği kullanılmıştır. Hedef glikanları değiştirilen enzimler batch methodu ile 
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yüksek verimde üretilmiş ve saflaştırılmıştır. Ardından saflaştırılan enzimlerin model 

protein RNase B üzerindeki aktiviteleri SDS-PAGE analiziyle test edilmiştir ve aktivite 

gösteren beş enzimin optimum reaksiyon koşulları ve kinetik parametreleri belirlenmiştir.  

 

Anahtar sözcükler: Bifidobakteriler, Glikosidazlar, Glikoproteinler, Glikanlar  
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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. Theref ore, they are considered next-

generation prebiotic compounds that can selectively stimulate beneficial bacteria in the gut 

microbiome. Bifidobacteria possess a unique 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-β-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 ef ficiency by the 
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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 (GI) 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 

GI 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 numbers and 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 subject to lifelong changes by endogenous 

and exogenous factors. A person's sex, 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 f unctions 

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). 
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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 mother and the environment during birth (Nicholson et al., 2005). In the 

early stages of infant development, the two main phyla Proteobacteria and Actinobacteria 

dominate the microbiota, usually of low diversity (Backhed et al., 2005). In the first year of 

life, microbial diversity begins to 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; Rodríguez 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-Millán et al., 2015). A commonly found 

normal healthy human flora is subdivided into six classes of bacteria. These are Firmicutes, 

Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria, and Verrucomicrobia 

(Lozupone et al., 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 
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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 GI tract. Bifidobacteria with health-promoting 

properties have been included as active ingredients in many functional foods. (O’Callaghan 

and van Sinderen, 2016). Bifidobacteria, first isolated and identified 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 GI tract of various mammals and water kefir (Klijn et 

al., 2005; Laureys et al., 2016; Ventura et al., 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 been isolated from both the feces of adults and infants (Hidalgo-cantabrana et al., 2017; 

Ventura, 2001). 
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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 et al., 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 carbohydrates released 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-β-N-

acetlyglucosaminidase (EndoBI-1), and take intact glycans into the cells. This feature of B. 

infantis reduces the potential for cross-feeding of pathogens since the hydrolysis of glycans 

into monosaccharides takes place inside the cell (Chaplin et al., 2015; Egan et al., 2014). 

 

Figure 2: There are possible strategies for the utilization of human milk oligosaccharides 

(HMOs) by Bifidobacteria (blue squares represent GlcNAc; red triangles, galactose; purple 

diamonds, fucose; yellow circles, blue circles, glucose). 
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In, Figure 2, 1) Some Bifidobacterium species, such as 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 present in all living organisms, both soluble and insoluble forms, 

in different biological functions and properties. The carbohydrate moiety of glycopro teins 

varies between 1% and 80% depending on the molecule (Varki et al., 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 content and is a 

byproduct of cheese-making. Whey consists of protein and lactose and mostly water (Mollea 

et al., 2013). Whey mostly contains glycoproteins such as lactoferrin, immunoglobulins, α-

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 et al., 1990). These proteins 

differ in their glycan profiles. The differences in the biological functions of lactoferrins are 

believed to be due to differences in these glycan profiles. Lactoferrin has biological functions 

such as strong iron-binding ability, bifidogenic, anti-inflammatory (Kane et al., 2003), and 

antimicrobial (Qiu et al., 1998). It also has effects such as antioxidant effects, 

anticarcinogenic (Bezault et al., 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 it was shown that they have very similar amino 

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 et al., 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 et al., 2017). It is 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 (Solá and Griebenow, 2010: 11). It is 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 (GlcNAc), sialic acids, and fucoses (Varki et al., 2009). Human milk 

also includes abundant free oligosaccharides. Infants cannot digest human milk 

oligosaccharides (HMOs) due to glycosidase deficiency. However, in the GI 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 most common 

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 
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residues. N-glycans are attached to asparagine residues in Asn-X-Ser/Thr of the polypeptide 

chain via HexNAc (X can be referred to as any amino acid except proline). 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). 

According to this modification of the common structure, N-glycans exist as complex, hybrid, 

and high mannose glycans (Figure 3). 

 

 

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 cell adhesion (Barboza et al., 2012), the glycoprotein structure 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).  
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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 proteins and the biggest problem in large-scale production is 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. Various 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 β-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 β-elimination method, glycans are released from 

glycoproteins under alkaline conditions (Dwek et al., 1993). The released glycan structure 

can be disrupted as a result of the reactions known as the peeling action during β-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 β-elimination of the high salt used during the reaction (Turyan 

et al., 2014).  
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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 et al., 1990). If there is fucose 

in the glycan core linked by a 1,3 bond to 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 detergent contamination. 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 enzymes are found to able to cut especially 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 shown to be effective at very low pH and high temperatures and to release 

all N-glycan cores without any protein denaturation (Karav et al., 2015a; Karav et al., 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 acting on N, N'-diacetylchitobiosyl moiety located in the core 

of N-glycan. Additionally, unlike PNGase F, this enzyme is not affected by fucosylation 

(Garrido et al., 2012). 

 

Table 1  

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

2017) 

 
+: 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 important in 

terms of improving the biological activities of these glycoproteins. Besides, it has been found 

that some glycan types have very specific biological activities. Among these, free glycans 

containing sialic acid have attracted the attention of researchers. It has been shown that these 

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 (Wang et al., 2007).  

In a study, it has been shown that some 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 et al., 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 using novel 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 (Karav et al., 2015a; Karav et al., 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/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 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 enzymes to 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 proteins are affected after 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- In vivo 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 eczema or 

diarrhea than formula-fed infants (Hamosh, 2001; Holman et al., 2006). The glycosylation 

extent in milk proteins thought to have beneficial effects is an interesting milk 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 et al., 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 

glycans are not fully understood due to the limitations of these methods (Le Parc et al., 2014; 

Royle et al., 2008).  
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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 has been 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 glycoproteins such 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 et al., 

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 et al., 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 et al., 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 enzyme forms (GST-tagged, free, and 6-his-

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 novel 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 produced these enzymes would be a promising novel tool to release bioactive 

N-glycans from glycoprotein-rich substrates. 
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CHAPTER 3 

MATERIAL METHOD 

 

3.1. Materials 

 

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 
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Table 2 (continue) 

 

 

3.1.2. Substrates 

 

Recombinantly production of novel glycosidases which have been tagged with three 

different fusion tags in this study was carried out firstly 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, I5506-50MG) 

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's manuals. The devices used in this 

study are a sensitive scales (Shimadzu), an autoclave (Nüve), incubator (Indem Nüve 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), cooling centrifuge (Hettich), heated stirrer (Wisd), mini centrifuge (CF-

5 Wisd), Vibra Cell/ Sonicator (Sonics), Shaker (Benchmark), vortex (Vortex Genie 2), dry 

block heater (BSH1002 Benchmark), QubitTM 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 

program were used for tree construction analyzes (Kumar et al., 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 EndoBI-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.  

 

 

Figure 5. The Neighbor-Joining 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. 
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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 KFI88990.1 BSAE_0444 

B. kashiwanohense Child feces BAQ30016.1 BBKW_1881 

B. pseudocatenulatum Infant feces BAR04361.1 BBPC_1683 

B. bohemicum Bumblebee digestive tract  KFI46963.1 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 medium was 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).  

 

 

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

environment. 

The inoculation was started by adding 700 μL 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 cloning system, 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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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.  

 

 

 

 

 

 

Fusiın to N-terminal tag SUMO Kan Vector
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Table 4 

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

 

 

Table 5 

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

 

 

 

Table 6 

Designed primers for pRham C-His vector for molecular cloning 
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The concentrations of the primers (oligomers) were obtained as 100 µM by adding 

sterile water in the amounts determined by the company. 10 µM 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 117z132 was used. The amplification was carried out in 50 µL of the final 

volume containing 2 µL of template DNA (bacterial cells), 1 µL forward and reverse primer 

at 0.2 µM, 25 µL PCR master mix, 21 µL 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 

µL PCR product + 1 µL SafeRed and 5 µL 1 kb DNA ladder + 1 µL 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 

concentrations were measured by using a Qubit 3 Fluorometer with a dsDNA assay kit before 

the molecular cloning step. The concentrations should be in the range required for molecular 

cloning (25-100 ng / µL). 

 

3.2.6. Preparation of Growth Lysogeny Broth (LB) Media 

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

agarose were dissolved in 500 mL of dH2O and autoclaved (sterilization at 121 °C for 20 

min). 15 mg of kanamycin (30 µg/mL) was dissolved with 1 mL of dH2O and store at -20 

°C. After the autoclaving, 1 mL of kanamycin was added into the bottle containing the 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 µg/mL) was dissolved with 1 mL of dH2O 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 at 4 °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 ºC to room temperature before cloning. E. 

cloni 10G cells at -80 ºC thawed completely on wet ice. The amounts of His-tagged PCR 

products (N-His, SUMO, C-His) for each strain in Tables 7, 8, 9 (25-100 ng) were mixed 

with 2 µL of pRham™ Vector DNA and added to 40 µL of E. cloni 10G cell. These mixtures 

were transferred to 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 µL 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 µL 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.  
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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 (µL) 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 

primers supplied with the cloning kit. If the gene of interest cannot be 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). 

 

 

Figure 11. General scheme of Colony PCR 

 

Table 10 

List of sequencing primers 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 



 31 
 

µL PCR product + 1 µL SafeRed and 5 µL 1 kb DNA ladder + 1 µL 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 µL of 60% glycerol and 1500 µL 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 target gene sequences in the genomic DNA and the sequencing 

results of the related genes after cloning were first analyzed using the 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 different primers for the enzymes coded BBOH_0438) were combined and the 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 

dH2O. Stored at -20 °C until use it. 10 µL 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 overnight at 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 dH2O 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 µL of lysis buffer and 63 µL protease inhibitor (1:100 

ratio) for a 50 mL culture pellet. The samples were waited for incubation on ice for 30 

minutes, vortex in each 10 min. After incubation, the mixture with bacteria was homogenized 

for the second time with a sonicator. The pulse mode of a sonicator was set as cycle on 10 s 

and cycle off 59 s, and the amplitude as 37%. After the sonication process (6 pulses for 10 s 

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 µL 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 

for 2 min at 700 × 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 × 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 × 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 

tubes to 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 µL 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 µL of the 

purified enzymes were taken for SDS-PAGE analysis. All purified enzymes were put into 

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% dH2O, 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 g 

Na2HPO4·2H2O, 23.99 g NaH2PO4·H2O were dissolved separately with dH2O, 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 Na2HPO4·2H2O and 11.5 mL of the stock NaH2PO4·H2O and 

the pH was adjusted to 5.  

6 µL of dH2O and 1 µL 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 µL of sodium 

phosphate buffer were added into all tubes on ice (a ratio of 1:10 between the buffer and the 

total volume). 2 µL of purified enzymes and dH2O 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 buffer in 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 dH2O. 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 

put into 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 pellet part was dissolved 10 mL of dH2O. The process of ethanol 

precipitation was applied twice. The final pellet part was dissolved in 10 mL of dH2O 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 dH2O (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 hours at room temperature in a shaker incubator. The sample 

was then centrifuged for 15 minutes at 4 °C and 4000 rpm. The formed supernatant part was 

transferred into a new tube and the pH was adjusted with 2M HCl 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 was dissolved 10 mL of dH2O 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 IgG, and 5 mg of Lf protein mixture were used as substrate. 

For each reaction, 15 µL of the substrate, 2.5 µL sodium phosphate buffer, 0.5 µL the 

enzyme, and 6.5 µL dH2O were used. Each sample and control was used with duplicates, 

and 0.5 µL of dH2O 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 pH Temperature (°C) 
 5 24 

 5 30 

 5 37 

 6 24 

C1, C2, C3, N3, N5 6 30 

 6 37 

 7 24 

 7 30 

 7 37 

 

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 µL of the sample, 25 µL of phenol (5%, m/v), and 125 µL 

of sulfuric acid were mixed using a 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 

concentrations 0.8, 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) for each 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). 

 

 

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/µL) 

 

 

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 pRhamTM vectors (pRhamTM 

N-His Kan, pRhamTM C-His Kan, and pRhamTM N-His SUMO Kan) into E. cloni 10G cells 

were performed by the heat shock transformation method. Firstly, 1 -3 μL of the PCR 

products and 2 µL of pRham  vectors were added into 40 µL 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 µL 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 µL 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 on a 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 µL of forward and reverse 

primer (sequencing primers provided by the manufacturer), 25 µL master mix, 23 µL of 

dH2O. The program was set as previously mentioned. 5 µL of PCR products mixed with 

SafeRed at a ratio of 1:1, were run on 1% agarose gel for 70 min at 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 products after colony PCR were visualized by gel electrophoresis. 

When the gel image in Figure 15 was examined, it was observed that the 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.  

 

 

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, and three colonies (Lanes 4, 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.  

 

 

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-His tagged BBKW_1881 gene obtained after 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 from the liquid cultures of the successful colonies.  
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4.4.2. Screening of Transformants for N-His SUMO tagged PCR products by 

Colony PCR 

 

 

Figure 20. Gel image 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 OU11_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. 

 



 45 
 

 

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 OU11_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 

 

 

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 products after 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 OU11_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 each target 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: 

Target Gene 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%. 
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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. 

 

 

 

Target Gene 2 / BSAE_0444 

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 99.86%. 
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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, 99.798% similarity was determined. A few 

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

quality. 

 

 
 

 

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%. 
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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. 
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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%. 
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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. 

 

 
 

 

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%. 
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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. 

 

 
 

4.6. 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, 

or block them altogether, even if they do not interfere with 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 / OU11_RS07620 

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

primers for N-His tagged recombinant enzyme (OU11_RS07620) with the genomic DNA 

sequence, the similarity percentage was determined as 99.92%. 
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As a result of the alignment performed using the Geneious Prime program for N1 and 

genomic DNA sequences, 99.918% similarity was found. 

 

 

 

C1 / OU11_RS07620 

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

primers for C-His tagged recombinant enzyme (OU11_RS07620) with the genomic DNA 

sequence, the similarity percentage was determined as 99.74%. 
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As a result of the alignment performed using the Geneious Prime program for C1 and 

genomic DNA sequences, 99.673% similarity was found. 

 

 

 

S1 / OU11_RS07620 

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

primers for SUMO tagged recombinant enzyme (OU11_RS07620) with the genomic DNA 

sequence, the similarity percentage was determined as 100%. 
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As a result of the alignment performed using the Geneious Prime program for S1 and 

genomic DNA sequences, 99.918% similarity was found. 

 

 

 

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%. 
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As a result of the alignment performed using the Geneious Prime program for N2 and 

genomic DNA sequences, 99.261% similarity was found. 
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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%. 
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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. 

 

 

 

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%. 
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As a result of the alignment performed using the Geneious Prime program for N3 and 

genomic DNA sequences, 98.534% similarity was found. 

 

 

 

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%. 
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As a result of the alignment performed using the Geneious Prime program for C3 and 

genomic DNA sequences, 99.462% similarity was found. 
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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%. 
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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. 

 

 

 

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%. 
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As a result of the alignment performed using the Geneious Prime program for N4 and 

genomic DNA sequences, 100% similarity was found. 

 

 

 

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%. 
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As a result of the alignment performed using the Geneious Prime program for C4 and 

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

 

 

 

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%. 
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As a result of the alignment performed using the Geneious Prime program for N5 and 

genomic DNA sequences, 99.636% similarity was found. 

 

 

 

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

genomic DNA sequences, 98.609% similarity was found. 

 

 

 

S5 / BBOH_0438 

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

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

sequence, the similarity percentage was determined as 99.88%. 
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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 

buffer was added into both the Ni-NTA resin and the proteins to ensure that the 6xHis-tagged 

proteins interact effectively 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 C1 

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 

hour 30 min at 37 °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 protein isolate. 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.  
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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. NCSS12 

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 

see the effect of different pH, temperature combinations on each enzyme activity. 3D surface 

graphs of 5 enzymes are listed below (Figures 27-31). 

 

 

Figure 27. A 3D surface graph of C1 enzyme 
 

 

Figure 28. A 3D surface graph of C2 enzyme 
 

 

Glycan Concentration (mg/mL) 

Glycan Concentration (mg/mL) 
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Figure 29. A 3D surface graph of C3 enzyme 

 

 

 

Figure 30. A 3D surface graph of N3 enzyme 
 

 

 

Figure 31. A 3D surface graph of N5 enzyme 

Glycan Concentration (mg/mL) 

Glycan Concentration (mg/mL) 

Glycan Concentration (mg/mL) 
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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). 

 

 

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/mL×min) and Km (mg/mL) values 

obtained from the 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-1 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 values of 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 

different enzymes (Values plotted on the x and y-axis). 
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CHAPTER 5 

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 

fast and 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 for enzymatic 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 proteins fastly 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 containing competent cells is also 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 applied in 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.  

After molecular cloning, protein production is increased by using L-rhamnose and its 

purification is performed by binding to nickel columns with 6xHistidine tag in 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 enzymes in 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 observation of 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 pro duce high 

amounts of pure in 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 (IgG) 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 kinetic parameters (Km and Vmax) of 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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