Gateway Cloning Technique: A Detailed Overview
Gateway cloning is a powerful molecular cloning technique that allows for the efficient and versatile transfer of DNA fragments between various vector systems. It is based on the site-specific recombination system of bacteriophage lambda, which enables the seamless movement of DNA sequences from one vector to another without the need for restriction enzymes or ligation. The method is highly efficient and widely used for generating multiple constructs for gene expression, functional studies, and other molecular biology applications.
The principle of Gateway cloning is based on site-specific recombination, a process derived from the lambda (λ) bacteriophage recombination system. This system allows for the precise transfer of DNA fragments between different vectors without the need for restriction enzymes or ligation. It leverages the ability of specific recombination sequences (called att sites) to mediate directional recombination catalyzed by enzymes, enabling efficient and accurate cloning of DNA fragments.
  Recombination Between Specific Att Sites:
· Gateway cloning uses short sequences called att sites to guide recombination. These sites include:
· attB (on the gene of interest or PCR product)
· attP (on the donor vector)
· attL (on the entry clone)
· attR (on the destination vector)
· The recombination between different att sites is directional and ensures that the DNA fragment is inserted in the correct orientation.
  Two-Step Recombination Reaction:
· BP Reaction (attB × attP → attL × attR): This is the first step where the gene of interest (flanked by attB sites) recombines with the donor vector (containing attP sites) to form an entry clone with attL sites flanking the gene of interest.
· LR Reaction (attL × attR → attB × attP): In the second step, the gene of interest from the entry clone (flanked by attL sites) is recombined with a destination vector (containing attR sites) to create an expression clone that is suitable for protein expression or other functional studies.
  Enzymatic Recombination (BP Clonase™ and LR Clonase™):
· The BP Clonase™ enzyme catalyzes the recombination between attB and attP sites in the BP reaction.
· The LR Clonase™ enzyme catalyzes the recombination between attL and attR sites in the LR reaction.
· These recombination events are highly efficient and directional, ensuring that the inserted gene is transferred without errors.
  Non-Ligase Dependent Cloning:
· Unlike traditional cloning methods that rely on restriction enzymes and ligases, Gateway cloning uses site-specific recombination to transfer DNA fragments, which reduces the time and effort required for cloning.
Components of Gateway Cloning
1. Att Sites: The heart of the Gateway system lies in the specific recombination sites called att (attachment) sites. These are short DNA sequences that mediate the recombination events:
· attB: Found in the entry clones.
· attP: Found in the donor vector.
· attL: Found in the resulting entry clone after the recombination between attB and attP.
· attR: Found in the destination vector after the recombination between attL and attR.
2. Entry Clone: This is the first step in Gateway cloning. The gene or DNA fragment of interest is cloned into an entry vector flanked by attL sites. This entry clone serves as a master template, which can then be transferred into different destination vectors.
3. Destination Vector: The entry clone is recombined with a destination vector, which contains attR sites, to create an expression clone. The expression clone contains the gene of interest in a vector appropriate for specific experimental purposes, such as protein expression, localization studies, or functional assays.
Phases of Gateway Cloning
1. BP Reaction (Entry Clone Generation):
· In this step, the gene of interest is flanked by attB sites, which are recombined with the attP sites present on the donor vector through the action of the recombinase enzyme BP Clonase™. This produces the entry clone, where the gene of interest is flanked by attL sites.
· Reaction: attB × attP → attL × attR (entry clone and by-products).
2. LR Reaction (Final Expression Clone):
· The second step involves recombination between the entry clone (with attL sites) and the destination vector (with attR sites). This reaction, facilitated by the LR Clonase™ enzyme, produces the final expression vector where the gene is inserted correctly for expression.
· Reaction: attL × attR → attB × attP (expression clone and by-products).
3. Protein Expression or Functional Studies: The final construct can be used directly for downstream applications such as protein expression in bacterial, mammalian, or yeast systems, or for studying the function of the gene in various biological assays.
The attB, attP, attL, and attR sequences are short DNA segments involved in the site-specific recombination process used in Gateway cloning. These sequences mediate the directional and efficient transfer of DNA between vectors, ensuring accurate insertion of the gene of interest. They are derived from the bacteriophage λ (lambda) recombination system and play distinct roles in the recombination steps.
1. attB (Attachment Bacterium)
· Definition: The attB site is a DNA sequence found on the bacterial DNA or the gene of interest to be cloned.
· Function: It recombines with the attP site during the BP reaction (the first recombination step). This creates the entry clone where the gene of interest is inserted into the donor vector.
· Site Composition: It consists of specific base sequences recognized by recombinase enzymes, typically around 25-30 base pairs.
· Role in Cloning: The gene of interest (or PCR product) is flanked by attB sequences, which enables it to be transferred into the donor vector.
2. attP (Attachment Phage)
· Definition: The attP site is present on the donor vector, derived from the bacteriophage λ.
· Function: It recombines with the attB site during the BP reaction to create the entry clone. After recombination, the resulting entry clone contains attL sequences flanking the gene of interest.
· Site Composition: Slightly longer than the attB sequence, usually 200-250 base pairs, attP sequences are also recognized by recombinase enzymes.
· Role in Cloning: The donor vector contains attP sites, which allow for the gene of interest to be recombined from the attB-flanked PCR product.
3. attL (Left Attachment)
· Definition: The attL site is the product of the recombination between attB and attP. It is found in the entry clone and flanks the gene of interest after the BP reaction.
· Function: In the LR reaction (the second recombination step), attL recombines with attR sites in the destination vector to transfer the gene of interest into the final expression clone.
· Site Composition: The attL sequence is a hybrid of attB and attP sequences, containing components of both.
· Role in Cloning: The attL sites flank the gene of interest in the entry clone and facilitate its transfer to the destination vector.
4. attR (Right Attachment)
· Definition: The attR site is present on the destination vector and is involved in the LR recombination step.
· Function: During the LR reaction, attR recombines with attL sites from the entry clone, resulting in the formation of an expression vector. The recombination produces new attB and attP sites as by-products.
· Site Composition: Like attL, attR is also a hybrid sequence derived from attP and attB components.
· Role in Cloning: The destination vector contains attR sites, which allow the gene of interest to be recombined into the expression vector in the LR reaction.
Advantages of Gateway Cloning
1. Efficiency: The recombination reactions are highly efficient, even with large DNA fragments. It eliminates the need for restriction enzyme digestion and ligation steps, making the process faster and less prone to errors.
2. Flexibility: The entry clone can be easily transferred into multiple destination vectors, allowing for the expression of the gene in different host systems or under different promoters with minimal effort.
3. High Fidelity: Since there is no reliance on restriction enzyme sites, the integrity of the gene of interest is maintained, and problems such as loss of function due to unwanted mutations or incomplete digestion are avoided.
4. Time-saving: Once an entry clone is made, it can be used repeatedly to generate multiple expression constructs, saving time in future cloning experiments.
5. Versatility: The Gateway system can be applied to a wide range of experimental setups, including protein overexpression, RNA interference (RNAi), gene knockout, and more.
Applications of Gateway Cloning
1. Functional Genomics: Gateway cloning is extensively used for high-throughput functional genomics studies, where multiple genes need to be cloned and expressed to analyze their functions.
2. Protein Expression: It is highly valuable for expressing proteins in various systems like bacteria, yeast, or mammalian cells for biochemical studies, structural biology, or therapeutic applications.
3. Vector Construction: Researchers use the system to build libraries of vectors with different promoters, tags (like GFP or His tags), or antibiotic resistance markers for a wide range of applications.
4. Gene Knockout and RNAi: By cloning genes into vectors designed for RNA interference or gene editing, Gateway cloning helps facilitate functional knockdown or knockout studies.
Limitations of Gateway Cloning
Despite its numerous advantages, Gateway cloning does have some limitations:
1. Recombination Sequences: The final product contains residual att sequences, which might interfere with certain downstream applications, such as protein structure-function studies or sequence-specific binding analyses.
2. Cost: The specialized reagents (like BP Clonase™ and LR Clonase™) required for recombination can be expensive compared to traditional cloning methods.
3. Limited Control: There is less flexibility in controlling the exact insertion site compared to traditional methods where researchers can precisely design cloning strategies based on available restriction sites.
Conclusion
Gateway cloning is a robust, flexible, and highly efficient system for cloning and transferring genes between different vectors. It simplifies the process of generating constructs for gene expression and functional studies by avoiding traditional restriction enzyme-based cloning methods. Its high efficiency, coupled with the ability to generate multiple constructs from a single entry clone, makes it a popular choice for researchers engaged in various molecular biology and genetic engineering studies.
[image: Gateway BP and LR reactions]
image1.png
BP Reaction

ot atirz

awr ez T
P

ats1 attB2 BP Clonas

TR+ Donor ector — ot e

at tarkad R procuct

ey

LR Reaction T

awr w2 art ez

LR Clonase
+ Destiation Vector —





