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			Abstract

			Recombinant DNA technology is the desired modification of genetic material in-vivo. This technology involves inserting DNA fragments from various sources and transferring the desired DNA sequence with a vector. Manipulation in the genome of the organism can be accomplished by adding new genes or by limiting the activity of existing genes. Enzymatic digestion is used to obtain different DNA fragments. The DNA ligase enzyme is also used to insert DNA fragments into the vector. The vector is then transferred to the host cell. As the host cells proliferate, multiple copies of the vector and DNA fragment occur. In the last step, the cells carrying the transferred DNA sequence are selected and amplified. Today, most of the products used in the field of medicine, food, chemistry, biology and agriculture are produced with recombinant DNA technology. This technology has become the basis for more advanced methods that are in use today.iology
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			Introduction

			Recombinant DNA, which means combining two different DNA molecules, is a name given to molecular biology techniques commonly used for years [1]. Recombinant DNA technology and genetic engineering methods and concepts have been developed as a result of long studies on the basic structure of DNA molecule. The basic application steps used in this technology are shown in (Table 1) [2-4].

			Table 1: Basic application step of recombinant DNA technology

			
				
					
					
				
				
					
							
							Step

						
							
							Application

						
					

					
							
							1

						
							
							Isolation of the DNA molecule carrying the gene

						
					

					
							
							2

						
							
							Determination of the base sequence in the DNA of the gene encoding the target protein

						
					

					
							
							3

						
							
							DNA cutting with restriction endonuclease enzymes or  its chemical synthesis

						
					

					
							
							4

						
							
							Production of vector DNA

						
					

					
							
							5

						
							
							Combining gene DNA with vector DNA

						
					

					
							
							6

						
							
							Transfer of recombinant vector DNA to the host cell

						
					

					
							
							7

						
							
							Expression of related protein in host cell

						
					

					
							
							8

						
							
							Purification of the resulting product to remain stable and biologically active, checking for 
antigenicity and other properties

						
					

				
			

			Detection of base sequences of nucleic acids (sequence analysis) was first performed for the RNA molecule. In 1964 alanine t-RNA was detected in yeast cells [5,6]. After this date, the chromosome sequence of single-strand RNA phage MS-2 was determined in 1975 [7]. In these years, the sequence analysis of the DNA molecule could not be performed due to the absence of specific enzymes. Since the deoxyribonuclease (DNase) enzymes cut the DNA molecule from non-specific regions, the heterogeneity of the resulting fragments made the analysis difficult. DNA sequence analysis was performed by the presence of restriction endonuclease enzymes that cut DNA from specific regions. These enzymes obtained from bacteria are used selectively for recombinant DNA technology. These are very specific deoxyribonuclease that are capable of recognizing and cutting double-stranded DNA from specific nucleotide sequences 4 to 6 bases in length [5,8]. The restriction endonuclease enzymes are called restriction fragments which are cut by the enzymes that are specific to the same DNA molecule, which can be obtained at any time using the specific enzyme. Since the molecular weights and sizes of the fragments obtained in this way are different from each other, it is possible to distinguish them using agarose gel electrophoresis. Each enzyme may produce sticky or blunt results at the cutting site. Such adhesive tip, as shown in the EcoR1 example; the end from a different DNA fragment cut by the EcoR1 enzyme may be joined to the sticky end and resulting in a recombinant DNA molecule [9,10]. Thermal transferase enzyme is used to make sticky ended DNA fragments. Thermal transferase is an enzyme that catalyzes the addition of deoxynucleotides to the 3end of DNA. It has catalytic activity in adding poly A or poly T to the adhesive ends. Adhesive ends generated by the terminal transferase enzyme are joined using the DNA ligase enzyme [11]. Obtaining restriction fragments facilitated the development of DNA nucleotide sequence methods. In 1977, Allan Maxam and Walter Gilbert determined the sequence of the SV40 genome. This technique is currently used as Maxam-Gilbert sequence analysis [12].  After that, Fred Sanger developed a new method using 2’-3 ’dideoxynucleosides, and DNA sequence analyzes became methods that could be completed in 1-2 weeks, unlike amino acid detection in proteins. In parallel with the development of DNA sequence analyzes, synthesis of oligonucleotides was also possible. Nucleotide sequences of 12-20 bases in length could be chemically synthesized in 1-2 days by this route [13,14].

			The major innovation of recombinant DNA technology is that the gene fragment or the entire gene from an organism is transferred to a different organism and then cloned. With this method, the number of eukaryotic gene fragments in bacterial cells is increased and protein synthesis from these gene fragments may be possible with the addition of the necessary control elements. In gene cloning, intermediary molecules called vectors are utilized [3,4]. Vectors used for this purpose; Plasmid vectors, phage vectors, viral vectors, bacterial vectors are grouped into 4 types. Although genetic material exchange between different strains of bacteria has been known for many years, the functions and structures of plasmids have been started to be examined since the resistance to antibiotics started to emerge. Plasmids have the ability to impart resistance to antibiotics of bacterial cells, and to synthesize enterotoxin colistin and restriction endonucleases. Plasmids are double-stranded circular DNA molecules, ranging in size from 1 kb to 200kb. Plasmids capable of replicating independently of bacterial chromosomes and achieving high copy numbers can be used as vectors. The most important plasmids used for this purpose are; E. coli: Pbr322; P. aeruginosa: pRK2, pRSF100; S. aureus: pUB110, pC221; B. cereus: pBC16; B. subtulis pBS1; S. cerevisiae :2µ DNA plasmids [15,16].  

			Recombinant plasmids can transform bacterial cultures so that the foreign gene fragment they carry is cloned. The antibiotic resistance genes of vector plasmids contain restriction endonuclease recognition sites. When these regions are cut and the foreign DNA fragment is inserted, the resistance gene becomes inactive. The bacteria transformed with these plasmids in the presence of another antibiotic to which the plasmid is still resistant, selection of cells transformed with the recombinant plasmid can be made [2,17].  

			Plasmid pBR322 is the most widely used field to date. This plasmid has the ampicillin and tetracycline resistance gene and various restriction endonuclease enzyme recognition sites. Although plasmids are widely used as vectors, their small size can sometimes cause problems. They are generally used to clone DNA fragments of 4000 bases in length. As plasmids carrying large chromosomal DNA fragments proliferate, this DNA fragment may undergo deletion. Therefore, other vector systems are utilized to clone larger DNA fragments [18]. The vector used to clone DNA fragments about 15000 bases length   was E. coli lambda phage. The lambda phage has a 50kb long, double-stranded linear DNA genome. It has a double-stranded linear DNA genome with 12 nucleotides length at both ends of DNA. There are 12 nucleotide long single strand complementary sequences at both ends of the DNA. These tips are sticky tips. In the host bacterial cell, the lambda phage becomes circular and replicates by means of adhesive tips. 60% of the genome of lambda phage is the part required for lytic infection in E. coli. 30% are not functional for lytic infection. This region is used to clone the foreign DNA fragment. In order for the recombinant phage to be stable, the size of the inserted DNA fragment and the size of the phage are important [19,20]. Cosmid vectors are used to clone DNA fragments of approximately 30,000-45,000 bases in length. Cosmid vectors consisted of combining the “cos” (sticky ends) regions of the lambda phage with the replication origin of the plasmids. These small vectors carry antibiotic resistance genes and restriction endonuclease recognition sites [21,22].   Animal viruses have been studied to develop animal vectors for eukaryotic cells. 

			As with other vectors, the most important consideration was the presence of one or more restriction endonuclease recognition sites in these vectors of appropriate size and enabling cloning. SV40 (Simian virus 40) is the first eukaryotic DNA virus used as cloning vector. In SV40, whose entire genetic sequence is known, almost all of these sequences are necessary for virus replication. The foreign DNA fragment can be inserted in place of the viral genes and the helper virus is needed for the virus to multiply. In general, late replicating genes with more active promoters than early genes are more suitable for cloning [2,23].  Another vector used for this purpose is retroviruses, single-stranded RNA viruses. Viral RNA becomes double-stranded proviral DNA with the reverse transcriptase enzyme, while the ends of the viral RNA (LTR, long terminal repeats) are incorporated into the cellular DNA. A foreign gene sequence that can be inserted between two LTRs is thus introduced into cellular DNA [24].  As bacterial vectors, Salmonella typhimurium, Mycobacterium bovis BCG strain, E. coli K12 strain are the most commonly used vectors in recombinant DNA technology studies. In addition, hybrid living viruses, chimeric non-replicating pseudovirions have been introduced as vector systems in recent years. In addition, hybrid living viruses and chimeric non-replicating pseudovirions have been introduced as vector systems in recent years [25].   

			Recombinant protein is encoded by recombinant DNA, which has been cloned in a system that supports expression of the gene and translation of mRNA.  The recombinant DNA, usually the cDNA sequence of the target protein, is designed to be under the control of a well characterized promoter and express the target protein within the chosen host cell to achieve high-level protein expression. Modification of the gene by recombinant DNA technology can lead to expression of a mutant protein or a large quantity of protein.  Protein expression system is the key to the success of recombinant protein expression. Several factors need to be taken into consideration, including target protein property, intended application, protein yield. There are several expression systems for use. Different systems have different features and applications. Expression systems commonly used in this technology are given in (Table II) [26,27].

			Table 2: Expression systems

			
				
					
					
				
				
					
							
							Type of Group

						
							
							Commonly Used Origins

						
					

					
							
							Bacteria

						
							
							E.coli, B.subtilis etc.

						
					

					
							
							Eukaryotes

						
							
							Saccharomyces cerevisiae, Neurospora crassa, Aspergillus nidulans etc.

						
					

					
							
							Plant cells 

						
							
							Artocarpus heterophyllus, Canavalia ensiformis etc.

						
					

					
							
							Insect cells

						
							
							Baculovirus, Drosophila cell cultures etc.

						
					

					
							
							Mammalian cell 
cultures

						
							
							CHO (chinese hamster ovary cell) cells etc.

						
					

					
							
							Transgenic animals

						
							
							Animals carrying foreign genes on their chromosomes

						
					

				
			

			Probe Preparation [2,3,28]: The double-stranded DNA strand is divided into two strands that are complementary to each other upon treatment with the base. Under suitable conditions, single strands are converted into double-stranded helix by hydrogen bonds made by DNA bases (Adenine-Thymine, Guanine-Cytosine). This property of the DNA molecule is based on DNA hybridization techniques. The gene fragment examined by hybridization methods is determined by the hybridization of the single stranded and labeled pure DNA probe with this complementary DNA sequence. DNA probes are prepared in three ways:

			
					Genomic DNA from the cell nucleus

					Complementary DNA (cDNA) synthesized from mRNA

					Chemically synthesized DNA The DNA probes may be all or part of the gene. And it can have all of the protein-coding or non-coding sequences. cDNA probes have only protein-coding sequences of the gene. The mRNA required to synthesize cDNA constitutes only 2% of cellular RNA. Therefore, the mRNA needs to be purified. mRNA is isolated by poly T cellulose affinity chromatography using the poly A sequence at the 3 end of the mRNA. Thereafter, the DNA-RNA heteroduplex from the mRNA by the reverse transcriptase enzyme from the retroviruses and then the double-stranded cDNA is synthesized and cloned by the appropriate vector. If the cDNA was obtained from a heterogeneous mRNA population, the gene-specific cDNA from the transformed bacterial cultures would have to be purified since it would also be heterogeneous. If plasmid is used as vector for this purpose, plasmid DNA is extracted from bacterial cells and it is absorbed to nitrous cellulose filters. After that, these filters are incubated with mRNA. Each filter only binds to the DNA specific mRNA it carries. 
The DNA-RNA hybrids are then denatured, and the mRNA is removed from the filter. The protein obtained by in-vitro protein synthesis techniques is determined by immunological or biochemical methods. Thus, the cDNA copy of the examined gene is obtained. All of the cDNA clones of cellular mRNA are called the cDNA library. It is possible to obtain synthetic DNA strands using organic chemistry methods. However, due to the complexity of this method, it is only suitable for the synthesis of small sequences. There may be some benefits of this method. For example, A functional gene synthesis from the protein amino acid sequence is possible even if the nucleotide sequence of the gene is not known. mRNAs from eukaryotic cells can also be used as probes. Sometimes mRNA is very pure and high concentrations, such as globin mRNA. If mRNA is not pure and abundant, some problems arise in its use. mRNA isolation is difficult, and nuclease enzymes easily break down mRNA. In some cases, it may be necessary to use only RNA probe such as viral RNA, rRNA, tRNA.        
Probe hybridization with complementary nucleotide sequences can only be demonstrated by a label attached to the prob. The most commonly used method should be labeled in radioisotope. Preferred radioactive markers for nucleic acid hybridization are 32P, 125I, 3H. The half-life of these isotopes is 14.3 days, 60.0 days and 12.35 years, respectively. In terms of high energy, 32P is the most preferred signal. Deoxyribonucleotides are available in 32P labeled forms. For 32P marking, the nick translation method is usually used. 
In this method, in the double-stranded probe DNA, nickel is produced by the DNase enzyme. Single-stranded DNA breaks from the fractures continue using 5 polymer-3 nuclease activity of DNA polymerase I enzyme. The polymerase I activity of the enzyme synthesizes at fracture sites, while 32P-labeled deoxyribonucleotides are incorporated into DNA. And the probe DNA is marked as radioactive. Another method with high specific activity is oligolabelling. According to this method, the denatured probe DNA is double stranded again using hexadeoxynucleotide primers and DNA polymerase enzyme. One of the four nucleotides used during synthesis is used with the 32P tag. The filter is incubated with a specific labeled probe. The probe hybridizes with the base sequence which is complementary to it. Using autoradiography, this filter is incubated for 1-2 days with a special film. The radioactive signal allows us to localize the specific gene fragment. In addition, DNA or RNA probes can be labeled at the 5 and 3 ends using T4-polynucleotide kinase, terminal transferase enzymes. Factors such as the potential danger of radioisotopes and the short life span of the 32P isotope have recently increased their work on non-radioactive labeling methods. Non-radioactive marking can be of two types:


			

			
					An enzyme can be bound to DNA or the DNA sample is modified by a method such as biotinylation. In the method of enzyme binding to DNA, the enzyme first binds to a positively charged polymer, and this polymer electrostatically adheres to the DNA. With this method, horseradish peroxidase and alkaline phosphatase enzymes can bind to DNA with high efficiency. Low molecular weight histone proteins bearing amino groups can be used as polymer. The color reaction obtained using the substrate of the bound enzyme is followed by hybridization to the probe nucleotide sequence of the probe.

					Use of biotinylated nucleotides (e.g. Bio11-UTP) to label the DNA probe. The DNA is labeled with biotin by nick translation method. And biotinylated DNA is detected using avidin, which can bind biotin. As avidin is prepared based on an enzyme that catalyzes a colorimetric reaction, such as phosphatase peroxidase, the reaction of the color of the probe to the target nucleotide sequence is followed. Disadvantages of non-radioactive labelling methods: It’s not sensitive than labelling with 32P. If sensitivity limits are increased, cheap cost of testing and reduced detection time to as short as three hours makes non-Rayo active marking methods advantageous. Analysis of eukaryotic genes in the presence of suitable c DNA or mRNA probes can be performed without using the cloning method. The methods used for this purpose:	Southern blot hybridization
	Northern blot hybridization
	Dot blot hybridization
	In-situ hybridization
	PCR (Polymerase chain Reaction)In the method known as Southern blot and southern transfer; High molecular weight DNA is cutting using restriction endonuclease. The resulting DNA fragments are separated by agarose gel electrophoresis. After this step, the gel is placed on the nitrocellulose filter to ensure that the DNA bands in the gel pass to the filter through the appropriate buffer system. Nitrocellulose filter is dried at high temperature and immobilization of DNA probes takes place. The Southern Blot method, which is considered to be one of the most important methods of recombinant DNA technology with cloning techniques, was able to determine how many copies of a gene are present in a genome, the presence and number of specific restriction endonuclease cleavage sites in a gene. In the PCR technique which has been used in recent years; It is mainly based on in-vitro amplification of target DNA with the aid of specific deoxynucleotide primers and heat-resistant DNA polymerase (Taq polymerase or Tth polymerase) enzyme. With this method, a single DNA sequence can be reached to millions of numbers in as little as 2-3 hours and then identified by labeled probes. For this, Double stranded target DNA is added to the test medium together with buffer. Then, sufficient amount of deoxynucleotide tri phosphate (dATP, dGTP, dCTP, dTTP) specific oligonucleotide DNA primers and heat resistant Taq polymerase enzyme are added to the medium. After that, denaturation of the target DNA at 95oC, binding of primary DNA at 50oC and polymerization at 70-72oC were done.
Application Areas and Advantages of Recombinant DNA Technology in Clinical Microbiology
Recombinant DNA technology has opened new horizons in many fields of science such as medicine, pharmacy, biology, nutrition, biochemistry, microbiology, genetics, immunology, agriculture and environmental engineering.  This technology is currently used in both basic and research studies. Small molecular weight compounds and macromolecules, which are naturally present in very low amounts, can be synthesized in large quantities. In addition, gene products could never be produced for mutagenesis or selection. The first product obtained in this way is pure human insulins prepared to avoid immunological side effects against insulin isolated from animal origins [29,30]. Human growth hormone and erythropoietin followed. In later stages:

	Colony stimulating factors used in bone marrow failure, some cancers and severe infectious diseases [31-33].
	Alpha, beta, gamma interferon and interleukins used in immune deficiencies due to T lymphocyte failure [2,34-36].
	Drugs called activase, tissue plasminogen activator for cardiovascular diseases and thromboembolic conditions [37].
	Recombinant factor used in the treatment of hemophilia in hematological VIIa [38].
	Various diagnostic agents that allow complete characterization and early monitoring of infectious and genetic diseases [33].
	Various organic chemicals and industrial products were produced [39].
	Antiviral and anticancer agents, immunoglobulins, enzymes of blood coagulation and vaccine production and treatment of primary metabolic insufficiencies [32,33,36].
	Combination of E. coli labile toxin with B subunit to increase mucosal immunomodulation [40].
	Purified B. pertussis components, antigenic repetitive sequences of HBsAg, Plasmodium, Salmonella recombinants expressing E. coli fimbria and toxin subunits are tested in animals [41,42].
	Recombinant obtained with the Shigella sonnei gene linked to S. typhi 21 a DNA, provided protection against shigellosis and typhoid [43].
	Vaccinia virus expressing HSVgD (glycoprotein D) produced specific neutralizing antibodies in rabbits [44].
	Intranasal immunization was achieved with recombinant adenoviruses that express rotavirus VP7 and HSVgD antigens [44].
	Recombinant BCG expressing Leishmania gp63 antigen produced protective cellular immunity [45].
	Clinical trials for recombinant BCG Osp A vaccine against Borrelia burgdorferi for Lyme disease were showed strong immune response [46].
	When the recombinant HIV-gp 120 envelope protein + influenza hemagglutinin + ISCOM was injected into BALB / C mice with mixing, the HIV-1 specific CTL response was initiated [47].
	Hepatitis A vaccine with immunostimulant influenza virosomes (IRIV) (influenzae hemagglutinin membrane protein + HAV antigen) reconstituted with hepatitis A virus antigens was tested and high antibody titers were obtained with a single dose [48].
	Various antigenic determinants of ETEC pilus, Brucella, V. cholerae, K. pneumoniae, H. influenzae, P. aeruginozas, S. aureus, L. pneumophila, ETEC, B. anthracis, C. diphtheriae, C. tetani toxin, influenza virus hemagglutinin The rabies virus glycoprotein and malaria genes were cloned [32,33,42].Conclusion
In conclusion, since the first date of the introduction of recombinant DNA technology, significant advances have been made in the diagnosis, treatment and prevention of infectious diseases in clinical microbiology. Today, most of the products used in the field of medicine, food, chemistry, biology and agriculture are produced with recombinant DNA technology. This technology has become the basis for more advanced methods that are in use today.
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