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Objectives

· Production of Recombinant DNA

· Bacterial transformation

· Screening for target clone

· Prokaryotic gene expression protocol

· Uses of recombinant proteins

DNA Cloning
· DNA cloning: isolation of a part of DNA (DNA of interest) to multiply it & get several copies in the living organism (in vivo)
Protocol for DNA cloning

· Assemble recombinant DNA construct

· Prepare competent bacteria strain

· Transform bacteria strain

· Screen transformants for target clone

· Confirmation: Miniprep & restriction map

So what is a recombinant DNA made of?
· We produce recombinant DNA by combing the wanted target DNA and a selective vector
· There are 3 types of target DNA (that could be in a recombinant DNA):

· Genomic DNA 
· cDNA ( reversibly transcribed from mRNA
· synthetic DNA
· Vector: a DNA molecule used as a method of transferring foreign genetic material into another cell.
· They could be:

· Plasmids or
· Others: bacteriophage, cosmids, BACs, YACs, Retroviruses
· Different vectors are chosen depending on the size of DNA of interest.
Plasmid Vector

· Plasmid: a double-stranded extra-chromosomal DNA molecule separate from the genomic DNA, which is capable of replicating independently of the genomic DNA.

Common Features

· Every plasmid should have the following:

· Origin of replication (ori): it is the capability of the bacteria to replicate itself ( autonomous replication ) .
· Selectable marker: antibiotic resistance gene, 
· used later in the procedure to separate the bacteria with the wanted hybrid plasmid (recombinant DNA) from other bacteria with no hybrid plasmid.
· Cloning site(s)
· A plasmid consists of several cloning sites, but we use a cloning site that is recognized EXCLUSIVELY by a certain restriction endonuclease (RE)

· So if an RE recognizes more than one cloning site we don’t use either of the cloning sites, nor we don’t use this RE.

· If we need the hybrid plasmid only for DNA replication, we use a plasmid with these first three features that we just mentioned, but if we want it to produce protein from the target DNA (e.g. insulin), we use expression vectors   ( 
· Additional elements (present only in expression vectors, which lead to production of protein)

· A transcription promoter that is recognize by DNA polymerase for initiation of transcription ( producing mRNA ( protein synthesis.

· A translational control sequence, with a start codon and a stop codon.

· The most difficult step in gene expression Is initation of translation
· Coding sequence for fusion protein (will be discussed later).

Assembly of Recombinant DNA

· More than one enzyme are used in recombinant DNA assembly.  

· e.g.: Restriction endonucleases (RE), alkaline phosphates (for self ligation), DNA polymerases, 

· Synthetic linker and adapter they are pieces of DNA that are added to the target DNA when it is not recognized by the same RE that recognizes the same cloning site at the plasmid.

After we assemble the wanted DNA with the vector using the above steps, we insert it into a competent bacterial host.

Bacterial Transformation: the insertion of foreign DNA (recombinant DNA) into a competent bacterial host.
To get competent bacteria, we treat the bacteria by chemical therapy or electroporation.

· Now, we have a media of cloned bacteria including the bacteria which has our recombinant DNA, with some useless bacteria that don’t have our recombinant DNA.
Screen Transformants for target clone

· We use this step to separate the bacteria with our recombinant DNA from other useless bacteria.

· We do this by using antibiotic.

· Useless bacteria will be killed by the antibiotic.

· Bacteria with our recombinant DNA will resist the antibiotic, because (as we said before) they have got the antibacterial resistance gene.

· Not all the bacteria left will have our DNA of interest. Some bacteria have plasmid vectors without the DNA of interest, as their vectors closed before insertion of the wanted DNA. We use the next step to separate them.
Confirmation: Miniprep

· Miniprep: a method used to differentiate between the bacteria with the hyprid plasmid and other bacteria with its plasmid deficit of the DNA of interest.
Prokaryotic gene expression

· Prokaryotic gene expression: Directed synthesis of gene-encoded protein in living bacterial cells.
· Encoded gene ( transcriped into mRNA ( translated into protein 

· (in living bacteria)
· Used for research or medical purposes.

Assembly of expression construct

· DNA modifying enzymes

· Synthetic linkers and adaptors
· “In-frame ligation” of insert & vector DNAs
· It is the ligation of the DNA of interest with the vector DNA.
· It has to be in one-way direction. (unlike in DNA cloning where the ligation can be in either ways).
Open Reading Frame

· It is a portion of the recombinant DNA which contains a sequence of bases that could potentially encode a protein.

EXPLANATION:
· The start-points and end-points of a given ORF are not equivalent to the ends of the mRNA, but the ends of the ORF are usually contained within the mRNA's sequence. ORFs are located between the start-code sequence (initiation codon) and the stop-code sequence (termination codon). ORFs are usually encountered when sifting through pieces of DNA while trying to locate a gene. Since there exist variations in the start-code sequence of organisms with altered genetic code, the ORF will be identified differently.

· Once a gene has been sequenced it is important to determine the correct open reading frame (ORF). Theoretically, the DNA sequence can be read in six reading frames in organisms with double-stranded DNA; three on each strand. The longest sequence without a stop codon usually determines the open reading frame. That is the case with prokaryotes. Eukaryotic mRNA is typically monocistronic and therefore only contains a single ORF. A problem arises when working with eukaryotic pre-mRNA: long parts of the DNA within an ORF are not translated (introns). When the aim is to find eukaryotic open reading frames it is necessary to have a look at the spliced mRNA.

· For example, if a portion of a genome has been sequenced (e.g. 5'-UCUAAAAUGGGUGAC-3'), and it is known to contain a gene, ORFs can be located by examining each of the three possible ORFs (or six in double-stranded DNA). In this sequence two out of three possible reading frames are "open". This is one of the two possible mRNA sequences of the transcript, and we see that it can be read in three different ways:

· UCU AAA AUG GGU GAC

· 2. ..CUA AAA UGG GUG AC

· 3. ....UAA AAU GGG UGA C

The last reading frame contains a stop codon (UAA), unlike the first two. Thus, only two of the three reading frames are open. Since there is a start codon (AUG) in the first open reading frame, it is very likely that the first ORF is the correct one.

· The above example  applies when we use DNA cloning, where 6 possibilities are there for open reading frames. And that is because in DNA cloning the direction may be in either direction.

· But in DNA expression, the direction should be in one way, so 3 possibilities are there, although ONLY 1 of these possibilities is true.

Prokaryotic gene expression in E.coli:

E. coli is one of the most favored organisms for applications such as the development of recombinant DNA technology, because of the following Advantages:

· Relatively simple techniques in gene expression when using E. coli, and achievable in short time.

· We know a lot about E. coli, so it is possible to smartly modify its genetics and physiology, making work easier and more efficient.

· Efficient: the expressed protein is produced with a fractional abundance of around 30% of total cellular protein.

· E. coli is cheap in price ( not expensive ).

Disadvantages of using E.coli:

· Eukaryotic proteins expressed in E. coli are not properly modified, because it has no posttranslational modification.
· Proteins expressed in large amounts often precipitate into insoluble aggregates called inclusion bodies.

· Toxic genes: some genes when going to be transcribed then translated , the result protein is toxic to the bacteria .
Scenarios for protein expression in E. coli
· Direct expression system: normal expression (directly).

· Fusion protein expression system:
· The cloned gene is insterted into an expression vector before (3’ to) the sequence coding for N-terminal end of protein that is highly expressed in E. coli (fusion moiety). This is done to:-

· Insure a good translation initiation

· Help overcome the instability of the expressed protein, particularly if the protein is small.

· Provide a more reliable and reproducible method of obtaining native proteins by in vitro cleavage of the fusion partner, not in vivo removal of a signal peptide.

· Limitation: if the amount of protein produced increases, they may form inclusion bodies.

Rate-Limiting Factors

Plasmid-related:

· Plasmid copy number

· Transcriptional efficiency

· Translational efficiency

Host-related:

· Genetic background

· Growth requirement

· Protease activity

Gene Expression Protocol

· Suitable E. coli expression system

· Assemble the expression construct

· Transform a series of E. coli

· Screen transformants

· Confirmation: Target protein

· Optimize the expression yield[image: image1.png]
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Same steps used in cloning (mentioned above)








