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Aqueous two-phase systems (ATPS) represent a powerful and versatile tool in biotechnology,
offering a gentle and efficient method for biomolecule separation and purification. This article
delves into the methods and protocols employed in ATPS, exploring its benefits, applications, and
future implications within the field. We will examine various aspects including polymer selection,
phase-forming components, and downstream processing techniques associated with this
increasingly important biotechnological approach.

Introduction to Aqueous Two-Phase Systems
Aqueous two-phase systems are formed by mixing two aqueous solutions of polymers (e.g.,
polyethylene glycol (PEG) and dextran) or a polymer and a salt (e.g., PEG and phosphate). These
mixtures spontaneously separate into two immiscible phases: a top, PEG-rich phase and a bottom,
dextran- or salt-rich phase. This unique property allows for the selective partitioning of
biomolecules based on their size, charge, and hydrophobicity, making ATPS a valuable technique
for a range of bioseparations. The simplicity and mild operating conditions inherent to ATPS
methods distinguish them favorably from more aggressive techniques like chromatography.

Benefits of Using ATPS in Biotechnology
The advantages of using ATPS in biotechnology are numerous. Firstly, high biomolecule
recovery is achieved due to the gentle nature of the process, minimizing denaturation and
aggregation. Secondly, scalability is a significant benefit, allowing for adaptation from
laboratory-scale experiments to large-scale industrial applications. Thirdly, cost-effectiveness in
certain instances surpasses traditional chromatographic techniques, especially when dealing with
large volumes or crude extracts. Fourthly, environmental friendliness is often highlighted, with
the use of aqueous solutions reducing the need for harmful organic solvents. Finally, easy
implementation makes it an attractive choice for researchers with limited expertise in advanced
separation techniques. These attributes make ATPS a crucial consideration in various
bioprocessing strategies.

ATPS Methods and Protocols: A Detailed Look
Several key factors influence the effectiveness of ATPS methods and protocols. The choice of
phase-forming components is critical, with PEG and dextran being commonly used polymers.
However, other polymers like polypropylene glycol (PPG) and various salts (e.g., potassium
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phosphate) are also employed, depending on the specific biomolecule being targeted. Optimizing
the polymer concentration and the pH of the system are crucial steps in achieving optimal
partitioning.

### Phase System Design and Optimization

The design and optimization of an ATPS involve careful consideration of various factors:

Selection of polymers: PEG and dextran are popular choices but the selection depends on
the target molecule's properties and the desired partitioning behavior.
Polymer concentrations: This determines the size and composition of the phases and
influences the partitioning coefficient (K) of the target biomolecule. The optimal
concentration often requires experimental optimization.
Salt concentration: Adding salts, particularly those with kosmotropic ions, can affect the
phase behavior and enhance the separation efficiency of the ATPS.
pH adjustment: pH influences the net charge of the biomolecule and therefore its
partitioning behavior. Careful optimization is crucial for optimal performance.
Temperature: Temperature can also influence phase separation and biomolecule
partitioning, and this needs to be taken into account for robust process design.

These parameters are carefully optimized through experimentation, often involving techniques
like factorial design or response surface methodology to identify the optimal conditions for
maximum yield and purity.

### Downstream Processing Techniques

Following phase separation, the target biomolecule needs to be recovered from its respective
phase. Common downstream processing techniques for ATPS include:

Liquid-liquid extraction: This involves selectively extracting the target molecule from one
phase using appropriate solvents or methods.
Membrane filtration: This technique is commonly used to concentrate the target molecule
after extraction from the ATPS.
Ultrafiltration: This helps separate large molecules, such as proteins, from smaller ones
such as salts and other impurities.
Chromatography: This can be used as a polishing step to further enhance the purity of the
isolated biomolecule. Often, ATPS is utilized as a preliminary step prior to chromatography
to reduce the sample volume and improve efficiency.

These downstream techniques are carefully selected based on the specific properties of the target
biomolecule and the desired level of purity.

Applications of ATPS in Biotechnology
ATPS find widespread applications across various fields of biotechnology, including:

Protein purification: Isolation and purification of enzymes, antibodies, and therapeutic
proteins from complex mixtures.



Aqueous Two Phase Systems Methods And Protocols Methods In Biotechnology

Aqueous Two Phase Systems Methods And Protocols Methods In Biotechnology
3

Enzyme immobilization: Entrapment of enzymes within one of the phases for applications
in biocatalysis.
Cell separation: Separating different cell types based on their surface properties and
other characteristics.
Extraction of biomolecules: Extraction of valuable compounds, like polysaccharides or
pigments, from plant and microbial sources.
Wastewater treatment: ATPS systems have been explored for the removal of pollutants
and the recovery of valuable substances.

The versatility of ATPS makes it an adaptable technique for diverse separation challenges.

Conclusion and Future Implications
Aqueous two-phase systems provide a powerful and adaptable platform for biomolecule
separation and purification in biotechnology. The gentle nature, scalability, and cost-effectiveness
of ATPS make it a competitive alternative to traditional separation methods. Further research
focusing on the development of novel phase-forming components, improved downstream
processing techniques, and the integration of ATPS with other separation methods will
undoubtedly expand its applications and impact within the biotechnology sector. The ongoing
development of optimized protocols and the exploration of novel applications ensure that ATPS
will continue to play a significant role in advancing bioprocessing and related fields.

FAQ
Q1: What are the limitations of using ATPS?

A1: While ATPS offers numerous advantages, limitations exist. The separation efficiency can be
influenced by the properties of the target molecule and the complexity of the mixture.
Optimization of the system can be time-consuming, requiring careful experimentation to
determine optimal conditions. Scale-up can also present challenges, particularly regarding phase
separation and downstream processing. Finally, the cost of polymers can be significant for large-
scale applications.

Q2: How does the choice of polymer affect ATPS performance?

A2: The choice of polymer significantly impacts the performance of ATPS. PEG and dextran are
commonly used, but their molecular weight and concentration directly influence the phase
behavior and the partitioning of the target biomolecule. Different polymers exhibit different
interactions with the biomolecule, leading to variations in the partitioning coefficient. For
instance, hydrophobic interactions are more pronounced with some polymers than others, leading
to better separation for hydrophobic molecules.

Q3: Can ATPS be used for the separation of cells?

A3: Yes, ATPS can effectively separate different cell types based on their size, surface properties,
and hydrophobicity. This technique finds applications in isolating specific cell populations for
research or therapeutic purposes.
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Q4: What are the environmental benefits of using ATPS?

A4: Compared to methods that use organic solvents, ATPS is environmentally friendly due to its
reliance on aqueous solutions. The reduced use of toxic solvents and waste generation contribute
to a greener bioprocessing approach.

Q5: How can I optimize my ATPS system for a specific biomolecule?

A5: Optimizing an ATPS system typically involves a combination of experimental design and data
analysis. Factorial designs or response surface methodologies can help identify the optimal
combinations of polymer concentrations, pH, and other parameters that maximize the
partitioning coefficient of your target biomolecule.

Q6: Are there any alternative methods to ATPS for biomolecule separation?

A6: Yes, various alternative methods exist, including chromatography (HPLC, ion-exchange,
affinity), electrophoresis, and membrane filtration. The choice of method depends on the specific
biomolecule, desired purity, scale of operation, and budget constraints.

Q7: What are the future trends in ATPS research?

A7: Future trends include developing novel phase-forming components with enhanced
biocompatibility and separation efficiency, integrating ATPS with other separation methods for
improved throughput and purity, and exploring applications in emerging fields like personalized
medicine and synthetic biology. Research is also focusing on making the process more
sustainable through the use of biodegradable polymers and improved recycling techniques.

Q8: Where can I find more information on ATPS protocols and methodologies?

A8: Extensive information on ATPS protocols and methodologies is available in scientific
literature, including research articles in journals like Biotechnology and Bioengineering, Journal
of Chromatography A, and Separation and Purification Technology. Many academic databases
and online resources provide access to this information. Furthermore, numerous books and
review articles offer comprehensive insights into the theory and applications of aqueous two-
phase systems.

Aqueous Two-Phase Systems: Methods and Protocols in
Biotechnology – A Deep Dive
Aqueous two-phase systems (ATPS) represent a powerful and versatile bioseparation technique
gaining significant traction in biotechnology. Unlike standard methods that often rely on extreme
chemical conditions or elaborate equipment, ATPS leverages the distinct phenomenon of phase
separation in water-based polymer solutions to productively partition biomolecules. This article
will investigate the underlying principles of ATPS, delve into various methods and protocols, and
underline their extensive applications in biotechnology.

Understanding the Fundamentals of ATPS
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ATPS formation arises from the miscibility of two distinct polymers or a polymer and a salt in an
aqueous solution. Imagine combining oil and water – they naturally divide into two distinct layers.
Similarly, ATPS create two incompatible phases, a top phase and a bottom phase, each enriched
in one of the component phases. The affinity of a target biomolecule (e.g., protein, enzyme,
antibody) for either phase influences its distribution coefficient, allowing for targeted extraction
and purification.

The option of polymers and salts is crucial and depends on the target biomolecule's properties
and the targeted level of extraction. Commonly used polymers include polyethylene glycol (PEG)
and dextran, while salts like phosphates or sulfates are frequently employed. The composition of
the system, including polymer concentrations and pH, can be optimized to improve the separation
productivity.

Methods and Protocols in ATPS-Based Bioseparation

Several methods are used to utilize ATPS in biotechnology. These include:

Batch extraction: This most straightforward method involves combining the two phases
and allowing them to settle by gravity. This method is appropriate for smaller-scale
processes and is ideal for initial studies.

Continuous extraction: This method uses specialized equipment to continuously feed the
feedstock into the system, leading to a higher throughput and improved productivity. It's
more advanced to set up but allows for automation and growth.

Affinity partitioning: This technique combines affinity ligands into one phase, enabling
the specific adhesion and enrichment of target molecules. This approach increases
selectivity significantly.

Protocols typically involve preparing the ATPS by dissolving the chosen polymers and salts in
water. The target biomolecule is then introduced, and the mixture is allowed to stratify. After
phase separation, the goal molecule can be recovered from the enriched phase. Detailed
procedures are accessible in numerous scientific publications and are often customized to specific
applications.

Applications in Biotechnology

The value of ATPS in biotechnology is vast. Here are a few principal applications:

Protein purification: ATPS are frequently used to purify proteins from intricate mixtures
such as cell lysates or fermentation broths. Their mild conditions maintain protein form and
activity.

Enzyme recovery: ATPS offer a inexpensive and effective way to recover enzymes from
biocatalytic reactions, minimizing enzyme loss and improving overall process productivity.

Antibody purification: The ability to specifically partition antibodies makes ATPS a
hopeful technique in monoclonal antibody production.

Cell separation: ATPS can be used to isolate cells based on size, shape, and surface
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properties, a important tool in cell culture and regenerative medicine.

Wastewater treatment: ATPS may help in removal of contaminants, making it a
potentially green option for wastewater treatment.

Challenges and Future Directions

While ATPS offers considerable advantages, some challenges remain. These include the need for
tuning of system parameters, potential polymer contamination, and enlargement difficulties.
However, ongoing research is concentrated on overcoming these challenges, including the
development of new polymer systems, advanced extraction techniques, and improved process
planning.

Conclusion

Aqueous two-phase systems are a robust bioseparation technology with extensive applications in
biotechnology. Their soft operating conditions, adaptability, and growth potential make them an
attractive alternative to traditional methods. Ongoing advancements in ATPS research are further
enhancing its capacity to address various bioprocessing challenges and add to the development of
more productive and sustainable biotechnologies.

Frequently Asked Questions (FAQ)

1. What are the main advantages of using ATPS over other bioseparation techniques?
ATPS offer mild conditions preserving biomolecule activity, relatively simple operational
procedures, scalability, and the potential for high selectivity through affinity partitioning.

2. What factors influence the choice of polymers and salts in ATPS? The choice depends on
the target biomolecule's properties (size, charge, hydrophobicity), the desired separation
efficiency, and the cost-effectiveness of the polymers and salts.

3. How can the efficiency of ATPS be improved? Optimization of system parameters (polymer
concentration, salt concentration, pH), use of affinity ligands, and employing advanced extraction
techniques like continuous extraction can improve efficiency.

4. What are the limitations of ATPS? Challenges include the need for careful parameter
optimization, potential polymer contamination of the product, and scaling up the process to
industrial levels.

5. What are the future trends in ATPS research? Future research is focused on developing
novel polymer systems with improved biocompatibility and selectivity, exploring integrated
processes, and addressing scale-up issues for industrial applications.
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