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METHOD FOR PURIFYING AND ENRICHING PROTEINS, NUCLEIC 

ACIDS OR VIRUSES USING AN AQUEOUS TWO-PHASE SYSTEM 

 

BACKGROUND OF THE INVENTION 

 5 

TECHNICAL FIELD 

 

[0001] The present invention relates to methods for purifying and enriching 

immunoglobulins or other proteins; or plasmid DNA, genomic DNA, RNA or 

other nucleic acids; or viruses using an aqueous two-phase system. 10 

 

PRIOR ART 

 

[0002] Biomolecules, such as proteins, have growing importance in a variety 

of applications, for example, as drugs, diagnostics, additives in food, 15 

detergents, as research reagents and the like. Extraction from natural sources 

is not sufficient, such that biotechnological production methods are used. This 

requires regular reprocessing and purification of the obtained protein. 

 

[0003] For proteins used in biopharmaceuticals, such as therapeutic antibodies, 20 

not only product yield, but also the separation of impurities, is important. There 

are process-dependent impurities, such as host cells, components of host cells, 

e.g., proteins (host cell proteins, HCP) and nucleic acids resulting from the cell 

culture itself or from reprocessing, such as salts or detached chromatography 

ligands. In addition, product-dependent impurities may be present, such as 25 

molecular variants of the product with deviating properties, e.g., truncated forms, 

precursors, hydrolytic degradation products or modified forms, such as polymers 

and aggregates. Other impurities include contaminants, i.e., materials of a 

chemical, biochemical, or microbiological nature that are present in the cell 

culture in an undesirable manner. 30 
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[0004] Impurities in biopharmaceuticals are unacceptable, since they can 

cause undesirable side effects, such as allergic reactions or adverse immune 

reactions that could even lead to life-threatening anaphylactic shock. 

Therefore, there is a need for suitable cleaning methods that can reduce the 

undesirable impurities to a harmless minimum. 5 

 

[0005] Monoclonal antibody production, as currently described in the prior art, 

is based on a so-called batch platform method [1,2]. Such method is divided 

into upstream and downstream processing. The production of the 

recombinant target protein is based on cell cultivation in bioreactors during 10 

upstream processing. The goal of subsequent downstream processing is to 

isolate target proteins from ancillary components, such as host cell proteins 

(HCPs), host cell DNA, media components, viruses, and endotoxins, using 

various unit operations, such as centrifugation, filtration and chromatography. 

 15 

[0006] Such platform process comprises fed-batch suspension cultivation of 

mammalian cells in bioreactors with up to 20,000 L in volume, centrifugation 

and depth filtration as cell harvesting, protein A-affinity chromatography as 

capture (separation step), cation exchange chromatography (CIEX) as 

intermediate purification and hydrophobic interaction chromatography (HIC) as 20 

fine purification step. In addition, orthogonal virus inactivation steps are carried 

out with low pH and virus filtration to minimize immunogenicity. Following 

protein A affinity chromatography and due to the low pH for virus inactivation, 

diafiltration must be carried out in order to load the following CIEX. 

 25 

[0007] However, with regard to established platform processes, chromatographic 

steps are reaching their capacity limits due to increasing product concentrations 

through upstream process optimization (i.e., cell engineering, media and process 

parameter optimization). This constraint is commonly known as a downstream 

bottleneck. As product concentration increases, the specific costs (€/kg) of 30 

upstream and downstream processing decrease. However, with higher product 

concentrations, the platform-dependent process reaches its optimum efficiency. 
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An even greater increase of product concentration leads to a significant shift in 

cost of goods (COG) from upstream to downstream processing. 

 

[0008] As such, there is a need for a suitable cleaning method that can be 

carried out in a simple manner and as economically as possible. 5 

 

[0009] The current state of plasmid DNA (pDNA) production is also based on a 

batch platform process. During fermentation, pDNA is produced intracellularly in 

the E. coli system. As a rule, centrifugation of the fermentation solution is carried 

out for harvesting. The wet cell paste (WCP) obtained in this way is initially 10 

resuspended in the lysis method, then digested with an alkaline solution and 

neutralized by adding a potassium acetate buffer system. In the neutralization 

step, flocculation of proteins and other minor components occurs, assisted by 

the sodium dodecyl sulfate (SDS) used. The neutralized material is collected in 

a collecting container. There, the resulting flocs are partly separated by flotation, 15 

and at the bottom of the apparatus the solution is withdrawn through several 

fixed-bed layers and roughly clarified. Other steps in the reprocessing comprise 

diafiltration, concentration by ultrafiltration, precipitation by ammonium sulfate or 

other salts and two or more chromatography steps [3]. In the current method, 

the downstream bottleneck is the collection vessel of the neutralized material. 20 

In the case of an increase in throughput and/or scale-up, separation and 

clarification of the neutralized material are difficult due to the high biomass 

loading and simultaneous flocculation at the high volumes produced. 

 

[0010] As such, there is also a need for a suitable cleaning method in this 25 

case. Since the stability of the pDNA is still low during such initial processing 

steps, as described above, the robust, timely, and simple isolation of the 

pDNA would be desired, as would the improved separation of impurities, 

which would stabilize the pDNA. 

 30 

[0011] Process-dependent impurities, such as host cells, host cell 

components, e.g., proteins (host cell proteins, HCPs), nucleic acids, such as 
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RNA and genomic DNA, endotoxins, membrane fragments and the like, which 

originate from the host cell itself and are released during fermentation or 

alkaline digestion, are also produced during pDNA production. The 

reprocessing results in, for example, salts or detached chromatography 

ligands or added substances necessary for the reprocessing, such as sodium 5 

dodecyl sulfate (SDS). In addition, product-dependent impurities such as 

isoforms, topoisomers, and oligomers of pDNA may be present with divergent 

properties. Other impurities include contaminants, i.e., materials of a chemical, 

biochemical or microbiological nature that are present in the fermentation broth 

in an undesirable manner. Also, like the previous processes, the production of 10 

viruses for gene and cell therapy is divided into an upstream and a downstream 

process. The upstream method involves the cultivation of the cells responsible 

for production and the transfection required for this purpose. The majority of 

viruses produced today can be classified as adenoviruses (average size 90 

nm, non-enveloped), adeno-associated viruses (average size 20 nm, non-15 

enveloped), and retro- and lentiviruses (average size 90-120 nm, enveloped). 

The presence of an additional lipid envelope in retroviruses and lentiviruses 

implies lower stability, which can decrease the overall yield after purification by 

up to 70%. The downstream method comprises the steps of cell harvesting 

and cell lysis in the case of a non-secreted product. Cell lysis is also often 20 

carried out during secretion to expose unsecreted product and thus maximize 

overall yield. Following these steps, the virus is present alongside a variety of 

impurities. In addition to media components from the cell culture, significant 

quantities of the vector used for transfection (usually pDNA) are usually 

present. In the case of cell lysis, intracellular components, such as genomic 25 

DNA and host cell proteins, are also released. In order to stabilize the product 

as quickly as possible and to isolate it from a large part of the minor 

components, a combination of cell harvesting/lysis and aqueous two-phase 

extraction is suitable, analogous to the explanations for the pDNA process. 

This can also replace the otherwise usually necessary step of a time-30 

consuming and difficult-to-scale density gradient centrifugation. The further 

steps of purification to the final product, comprise for example dia- and 
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ultrafiltrations for buffer exchange and concentration increase, along with 

chromatographies (size exclusion, affinity, ion exchange, hydrophobicity) [4]. 

As such, there is also a need for a suitable cleaning method in this case. 

 

[0012] A well-known alternative to the adsorption-based and filtration-based 5 

techniques mentioned above is the gentle extraction of biomolecules, such 

as proteins, nucleic acids, cells, etc., using aqueous two-phase extraction 

(ATPE) [3]. 

 

[0013] An aqueous two-phase system (ATPS), also referred to here as a two-10 

phase system for short, is an aqueous solution containing, for example, two 

immiscible polymers or a polymer and an inorganic or organic salt. After mixing 

the specified components, two phases are formed in the system. Due to different 

biophysical properties of the phases, it is possible to achieve a distribution of 

biomolecules into one of the two phases. Concentration and purification of the 15 

target molecule can thus be achieved in a single process step. For a higher purity 

of the target molecule, multi-step ATPS extractions can also be carried out. 

 

[0014] As such, the formation of an ATPS (aqueous two-phase system) is 

achieved by combining certain phase-forming components in suitable 20 

concentrations. Known systems are obtained based on the following 

combinations: 

- polymer/polymer 

- polymer/salt 

- alcohol/salt 25 

- ionic fluids. 

 

[0015] Polymer/salt two-phase systems (ATPS) are of particular interest for 

biotechnological uses. Polyethylene glycols (PEGs) with molecular weights 

between 200 and 4000 g/mol are frequently used as the polymer. Commonly 30 

used salts include sodium and potassium phosphates and citrates. The anion 

is dominantly responsible for phase formation and material properties 
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compared to the cation. A polymer, such as PEG, is enriched in the upper light 

phase and the salt(s) is enriched in the lower heavy phase. The miscibility gap 

increases as the molar weight of the polymer increases. Part of process 

development is to identify the optimal system for the given process task. 

 5 

[0016] In principle, therefore, the aqueous two-phase system (ATPS) serves to 

purify or enrich a biomolecule in that, after mixing of the aqueous two-phase 

system (ATPS), the biomolecule is enriched in one of the two aqueous phases, 

in particular is substantially located there, and the undesired impurities are 

enriched in the other phase, the counterphase, in particular are substantially 10 

located there, such that by separating off the counterphase containing the 

impurities the biomolecule is obtained with a significantly reduced proportion 

or proportion reduced to a minimum of impurities in one phase. 

 

[0017] In the aqueous two-phase system (ATPS), it should be noted that the 15 

phases separate more slowly than usual aqueous/organic systems and 

emulsions are easily generated due to the low interfacial tensions and density 

differences [5]. The sometimes high viscosities (up to 40 mPas) of 

polyethylene glycol (PEG)-rich phases, which cause slower mass transfer 

and poor settling behavior, also make process prediction difficult. 20 

 

[0018] In all devices for liquid-liquid extract, phase contact occurs if one phase is 

dispersed in the other. Thereby, each of the two phases can be dispersed in the 

other. This phase contact enables mass transfer, which can be carried out in one 

or more stages. The phases are usually separated in a separator or a mixer-25 

separator. Single-stage mixer-separators are usually used in single-stage 

operation, while multiple mixer-separators connected in series can also work in 

so-called batteries in counterflow or crossflow operation. The most common 

extraction devices operating in counterflow mode are columns. For fluid phases 

with extremely small density difference, the Earth's gravity field alone is not 30 

sufficient to separate the phases in a reasonable time. Then, centrifuges are used 

to accelerate the liquid-liquid separation by applying centrifugal force through 
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rotation of the centrifuge drum. These also allow separation of mixtures with 

extremely low density difference (∆ρ less than 30 g/m³) in acceptable time [6]. 

 

[0019] A known method for the selective purification and enrichment of 

immunoglobulins or other proteins by means of an aqueous two-phase system 5 

using centrifugal force is known, for example, from WO 2014/135420 A1 [7]. 

According to one embodiment, the method comprises the following steps: 

a. Providing a cell culture or cell culture supernatant containing the target protein; 

b. Converting the cell culture or cell culture supernatant into an aqueous two-

phase system by addition of a polymer and at least one salt, or two polymers 10 

in suitable concentration; 

c. Mixing of the two-phase system to produce a dispersion; 

d. Separation of heavy and light phase in a centrifugal extractor; 

e. Recovery of the target protein from the light phase. 

 15 

[0020] Separation using a centrifuge is disadvantageous, since large containers 

must be used and a lot of solvent must be used, which is disadvantageous in 

terms of poorer manageability along with economic aspects. In contrast to the 

disclosure of WO 2014/135420 A1 [7], it is not necessary to use a centrifugal 

extractor for the method of the present invention. 20 

 

[0021] A method for selective purification and enrichment of plasmid DNA 

using an aqueous two-phase system has been reported, for example, from 

Frerix, A. et al [8]. The method is characterized as follows: 

• Alkaline cell lysis, precipitation after neutralization and extraction using 25 

a two-phase system (ATPS) with simultaneous clarification of the lysate takes 

place in one tank (one pot approach); 

• Two-phase system (ATPS), consisting of: PEG/salt (potassium 

phasphate and potassium citrate); 

• Strong enrichment of plasmid DNA in the heavy phase (bottom phase); 30 

• Genomic DNA, RNA in light phase (top phase) and/or intermediate 

phase (interphase). 
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[0022] In order to use aqueous two-phase extraction as a cell harvesting 

method, as in the present invention, it is necessary for the measurement 

equipment to meet the requirements for detection of a phase boundary interface 

or an additional intermediate phase formed. Detection of the two phases already 5 

poses a problem, since they have similar properties. An additional problem 

arises when an intermediate phase forms, which intermediate phase is an 

emulsion layer of cells, agglomerates and bioparticles that can contaminate the 

measurement equipment or affect the measurements. 

 10 

[0023] A phase boundary interface is the boundary between two immiscible 

fluids. Thereby, the fluids are deposited on top of one another due to density 

differences. An additional intermediate phase, i.e., a third phase, can also 

form from the two immiscible phases, such that two phase boundary 

interfaces are then present. Detecting the phase boundary interface(s) or 15 

intermediate phase is useful if one wants to subtract only one of the two main 

phases, for example, when the target molecule is present in only one phase. 

Typically, the phase boundary interface(s) or intermediate phase can be seen 

in the transparent separators used for separation. Accurate detection of such 

phase boundary interface(s) or intermediate phase is essential for a smooth 20 

separation method. On the one hand, it ensures that the quality of the product 

does not change, and on the other hand, it increases process efficiency by 

reducing the frequency of shutdowns and allowing the full capacity of the 

equipment to be utilized. Optimal for accurate separation would be to provide 

an accurate profile of the phases over height (position of light phase, heavy 25 

phase, intermediate phase and phase boundary interface(s)) in particular at 

critical locations, in order to give the user accurate information for separation. 

 

[0024] Numerous measuring devices are available on the market for phase 

boundary detection. These can be classified according to their general 30 

measuring principles and the mode of measurement: These are 

mechanical/optical measuring devices (e.g., float switches, sight glasses, 
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displacers), electromechanical measuring devices (e.g., magneto-restrictive or 

capacitive detectors), electronic measuring devices with phase contact (e.g., 

radar, differential pressure, ultrasound) or electronic measuring devices 

without phase contact (e.g., nuclear measurement). Some of these will be 

briefly explained and their disadvantages will be described below: 5 

A float switch is a mechanical/optical measurement method that can measure 

filling levels with the aid of buoyancy force, but can also be used to detect 

intermediate layers between two phases. Thereby, the weight of the switch 

must be adapted to the heavier fluid. Since the switch is a passive part, it does 

not have a mechanism for self-monitoring, which means that regular 10 

monitoring is necessary. The switch is also impaired in its operation by solids 

or excessively viscous fluids. 

 

[0025] A sight glass as a mechanical/optical measuring device can be used 

to continuously measure the fluid level, and it is also possible to detect the 15 

phase boundary interface between two fluids. The sight glass is connected 

to the tank, such that if the intermediate layer is shifted too far, it is no longer 

detected by the sight glass. Solids may contaminate the glass, making visual 

detection impossible. 

 20 

[0026] Another mechanical/optical measuring device is a displacer - filling 

level measuring device, which is placed in the fluid and experiences a 

buoyancy force depending on the fluid level. In a simple embodiment, a 

displacer is connected to a spring, for example. However, the measurement 

result strongly depends on the calibration at process conditions and an 25 

accumulation of solids can lead to falsification of the measurement. 

 

[0027] With a magneto-restrictive measuring device, which uses an 

electromechanical measuring method, the interaction between two magnets 

is measured. One magnet is in the float, the other in a guide tube. The float 30 

can move freely up and down in its chamber as the filling level changes. A 

small pulse of current reaches the magnetic field of the float, causing the float 
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to spin and emit a sound wave that can be measured. Usually, there is an 

indicator mounted on the outside of the chamber, such that one can see 

where the float is. Since the position of the float is detected, density changes 

will cause errors. Furthermore, solids can cause the float to get stuck. 

 5 

[0028] Another measuring device uses an electromechanical method of 

capacitive measurement, with which an electrode is mounted in the tank. A 

tank wall is used as a second electrode or a reference electrode. If the fluid 

level increases, the material between the two electrodes changes, such that 

the capacitance of the capacitor changes. Disadvantages of this measuring 10 

system are that changes in the dielectric constant of the medium lead to errors. 

For tanks with non-conductive materials, a reference electrode must also be 

installed, making calibration difficult. Furthermore, the dielectric constant of the 

fluids with an intermediate layer measurement must be large enough to detect 

it and the upper medium must not be conductive with some measuring devices. 15 

 

[0029] With electronic measuring devices with phase contact based on guided 

radar, a high-frequency radar pulse is guided along a probe. If the pulse hits a 

media surface, a portion of the pulses are returned and detected and evaluated 

by the device. The time that elapses between transmitting and receiving is a 20 

direct measure of the level of fluidity. The problem with this measuring method 

is that the medium with the lower dielectric constant, which must not change and 

should have a value below 10, must be on top; the dielectric constants of both 

phases must have a detectable difference, the top layer must be thick enough 

to be detected, and an existing emulsion layer can lead to measurement errors. 25 

 

[0030] Differential pressure sensors are also known as electronic measuring 

devices with phase contact, which can measure an intermediate layer between 

two phases with different densities. The pressure difference is a direct measure 

of the filling level. To detect an intermediate layer, the filling level must be a certain 30 

height. The pressure difference must also be large enough, which is achieved 
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either by a high density difference or a large apparatus setup. Density changes 

and a temperature dependence of the density of the fluids lead to errors. 

 

[0031] Other electronic measuring devices with phase contact use ultrasound, 

wherein ultrasonic waves are emitted into the tank. This signal is sent back by 5 

fluids, which makes it possible to determine the filling level height and also 

intermediate layer detection due to the time difference. However, solids in the 

fluid cause the ultrasonic waves to scatter, which reduces the detected signal. 

Detectability depends strongly on the properties of the solids, since the signal 

can disappear completely if the proportion is too high. Furthermore, gases 10 

trapped in the fluid are a problem, since they also attenuate the signal. 

 

[0032] Known electronic measuring devices without phase contact are based 

on a nuclear measurement, with which the attenuation of gamma radiation is 

detected. Thereby, weakening depends on the density of the medium. With the 15 

aid of such method, intermediate layers can also be detected. However, the 

measuring units are relatively expensive and require regular monitoring to 

guarantee safety. Furthermore, density changes that are too large and 

impurities on the tank wall can lead to errors. 

 20 

[0033] The numerous disadvantages of the known measuring devices described 

above show that they are actually not suitable for the detection of one or even 

two phase boundary interfaces in the presence of an intermediate phase in an 

aqueous two-phase system. In some cases, the usual measurement techniques 

are not even applicable, such as detection by a sharp drop in capacitance 25 

(usually the organic phase), which is not possible in the aqueous two-phase 

systems due to the absence of an organic phase. Such measuring devices also 

reach their limits in some cases in large-scale production, wherein, for example, 

in the case of a sight glass in a separator, the large diameters required (DN600 

- 1000) mean that reliable detection by sighting is no longer possible, despite 30 

the use of a transparent separator made of glass, due to the increasing turbidity. 
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[0034] However, it has been found that a suitable parameter for distinguishing 

the phases in aqueous two-phase systems is electrical conductivity. 

However, for this purpose a technique that allows the electrical conductivities 

of the two phases to be reliably distinguished must be developed and used. 

 5 

[0035] From the prior art according to DE 44 00 397 A1 [9], a method for 

detecting the presence of one or more phases present in addition to a main 

phase has become known, wherein the introduction of the main phase into a 

separation vessel and then the measurement of the conductivity at the bottom 

and/or at the top of the separation vessel is performed. In this case, conductivity 10 

is only measured after separation into the individual phases, wherein 

measurements are only taken at the very top and bottom of the separation 

vessel. The measurement of conductivity is used solely for the purpose of 

demonstrating that multiple phases are present; conductivity is not used to 

separate the phases and remove them separately from a separating device. 15 

 

[0036] DE 199 23 901 A1 [10] relates to a method for the controlled addition of 

emulsion breakers to a process tank, in particular to a separation tank filled with 

gas, oil, water and sand, wherein an emulsion layer is detected by means of a 

sensor with vertical spatial resolution and a sensor signal is passed to a feed 20 

control system, in order to add the quantity of emulsion breaker to be fed in a 

metered manner as a function of the sensor signal. Capacitive filling level sensors 

or gamma ray density profile sensors are particularly suitable as sensors. 

 

[0037] KR 101 143 889 B1 [11] discloses an automatically locking fractionated 25 

hopper for improving methodability by installing an electrical conductivity 

sensor and automatically locking the hopper based on electrical signals. The 

hopper has a receiving part, an electrical conductivity sensor, a controller and 

a solenoid valve. 

 30 

[0038] Furthermore, US 3 220 930 A [12] discloses a device in which an 

emulsion of crude oils is broken by adding a chemical additive (so-called 
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demulsifier). This is used to separate the water contained in the crude oil. For 

this purpose, a demulsifier is added to a water-containing crude oil emulsion 

in a tank, resulting in an oil phase, an oil/water intermediate phase and a water 

phase, each of which has different densities and different electrical properties. 

The demulsifier is, for example, Tretolite, Nalco 538, sodium hydroxide, 5 

sodium silicate or mixtures of these. An electrical probe 16 is used at the 

interface between the upper phase and the intermediate phase, and a probe 

for determining the density is placed at the interface between the intermediate 

phase and the lower phase. The electrical probe 16 is used to control the valve 

22, which is used to control the quantity of demulsifier added. Thereby, only 2 10 

states are distinguished: If the electrical probe 16 is in contact with the oil/water 

phase, current flows; when it is in contact with the oil phase, no current flows. 

The addition of a solid additive in the form of the demulsifier to the separating 

device complicates the control of the two-phase system, since the phases are 

first generated and then replicated to varying degrees, depending on the 15 

quantity of demulsifier. Control and monitoring simultaneously with an 

electrical probe and a density probe is highly complex and confusing. There is 

no aqueous two-phase system in which all phases have water as solvent. 

 

[0039] EP 1 059 105 A2 [13] relates to a device and a method, in particular for 20 

separating water from a solvent mixture from textile cleaning. A combination of 

at least one gravity separator and, upstream thereof, at least one coalescence 

separator is provided, wherein a feed line of the gravity separator is connected 

to the outlet of the coalescence separator. In the coalescence separator, which 

is filled with an open-pored solvent-resistant foam, the volume of the water 25 

droplets is increased. A sensor 10 is provided in the gravity separator that, when 

a maximum height for the middle phase B is exceeded, sends a signal to a valve 

12 and a pump 13 to return the solution to the coalescence separator. A further 

sensor 21 is provided in the lower part of the gravity separator. If the fluid level 

of phase C exceeds the sensor 21, the drain valve 20 is controlled accordingly. 30 

Both sensors are used for conductivity measurement or turbidity measurement. 

This is a classic recycling method that purifies a waste product that would 
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otherwise have to be disposed of. The water is separated in order to be able to 

use the solvent mixture again. This is a very complex separation method. There 

is no aqueous two-phase system in which all phases have water as solvent. 

 

[0040] In EP 1 762 616 A1 [14], a method for removing single-stranded nucleic 5 

acids from double-stranded nucleic acids is described by the following steps: 

(a) Providing a mixture containing fully and/or partially double-stranded 

nucleic acids and optionally single-stranded nucleic acids; 

(b) Resuspending the mixture specified in point (a) in an aqueous, low-

molarity buffer system with low ionic strength and low buffer effect; 10 

(c) Adjusting conditions in the mixture according to step (b) that result in 

reversible denaturation of a specific double-stranded nucleic acid or multiple 

specific double-stranded nucleic acids, wherein another nucleic acid or 

multiple other nucleic acids are irreversibly denatured; 

(d) Further adding buffers and a polymer component to the mixture 15 

according to step (c); 

(e) Incubating the mixture according to step (d) for a period of time 

sufficient to form an aqueous two-phase system having an upper phase and 

a lower phase; and 

(f) Removing the upper phase containing single-stranded nucleic acid 20 

along with the interphase and collection of the double-stranded nucleic acid 

from the lower phase. According to examples 1 to 3, centrifugation is always 

used to separate the upper and lower phases. For the method of the present 

invention, no centrifugation, in particular centrifugal extraction, is used, since 

it interrupts the method in a detrimental way. Separation using a centrifuge also 25 

requires the use of large containers, wherein a large quantity of solvent must 

be used. This signifies poorer manageability and economic disadvantages. 

 

[0041] Therefore, the present invention is based on the object of avoiding the 

disadvantages of the prior art and providing a method for purifying and 30 

enriching proteins, nucleic acids or viruses using an aqueous two-phase 

system that reliably enables the detection of the two phases and their transition 
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in the form of the phase boundary interface or an optionally present 

intermediate phase (here, also called an intermediate layer) with two phase 

boundary interfaces. The method is also to enable the separation of phases 

from one another, wherein the target molecule in the form of a protein, nucleic 

acid or virus is enriched in one phase. The method is also to be continuously 5 

applicable. Large-scale industrial use of the method is also to be possible. 

 

[0042] Surprisingly, it has now been found that in an aqueous two-phase 

system, the measured electrical conductivity in a separating device can be used 

to distinguish the phases present from one another, thus facilitating the 10 

separation of the phases. This is surprising because throughout the prior art, 

only organic solvent/water systems are ever used in conjunction with electrical 

conductivity measurement. This is because organic solvents do not conduct 

electric current, such that only 2 states need to be distinguished to identify the 

phases: no current flowing means an organic solvent or solvent mixture is 15 

present; current flowing means water or a water/solvent is measured. However, 

according to the invention, water is present as a solvent in all phases, such that 

it is completely unexpected that the measurement of electrical conductivity can 

serve as a parameter to distinguish between the individual water phases even 

in aqueous two-phase systems. An organic solvent is typically not present in the 20 

aqueous two-phase systems of the invention. 

 

[0043] According to one embodiment, the method enables not only 

determining the presence of the two phases and distinguishing them, but also 

determining and detecting the exact position of the phase boundary interface 25 

or of any intermediate phase present between the phases to be separated, 

thus greatly facilitating and simplifying the separate removal of the individual 

phases from one another. As such, the present invention provides a method 

for conductivity-based control and monitoring of the position of the phase 

boundary interface(s), which is used for phase separation and the separate 30 

removal of the phases from a separating device. 
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SUMMARY THE INVENTION 

 

[0044] As such, the object described above is achieved according to the invention 

by providing a method for purifying and enriching a target product selected from 

- immunoglobulins or other proteins; or 5 

- plasmid DNA, genomic DNA, RNA or other nucleic acids; or 

- viruses, 

comprising the following steps: 

a. Providing a starting solution containing the target product; 

b. Converting the starting solution into an aqueous two-phase system by 10 

adding at least one polymer and at least one salt in a suitable concentration, 

or by adding at least two polymers in a suitable concentration; 

c. Mixing the aqueous two-phase system while maintaining a mass 

transfer, such that the target product is enriched in the light or heavy phase; 

d. Allowing the phases to segregate in a separating device into a light phase, 15 

a heavy phase and, if an intermediate phase is present, an intermediate phase; 

e. Continuously measuring electrical conductivity in at least one of the 

phases, in particular in the light and/or heavy phase, in the separating device 

to determine the position of the two phases and the phase boundary interface 

or, in the presence of an intermediate phase, the position of the intermediate 20 

phase and the two phase boundary interfaces; 

f. Removing the phases from the separating device based on the 

continuously measured electrical conductivity of at least one of the phases in 

step e., in particular the light and/or heavy phase; and 

g. Extracting the phase with the target product. 25 

 

[0045] As such, the present invention provides target product enrichment and 

separation and impurity removal simultaneously with the aid of an aqueous two-

phase system. In steps a. to g. of the invention, the conventional use of 

separators, in particular centrifugators, filtration and chromatography, is 30 

completely dispensed with. 
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[0046] According to one embodiment of the invention, the method is used to 

purify and enrich a target product using as a starting solution a cell culture, a 

cell supernatant or a cell lysate, in which the target product is contained. In 

this case, the method of the present invention is used for cell harvesting 

and/or isolation of the target product from the cells, cell culture and/or cell 5 

lysate. The method according to the invention can therefore be used both for 

separating the cells and for processing the product produced by the cells, in 

which case the cells have already been separated. That is, the cells can be 

removed either beforehand, or only during the present method. 

 10 

[0047] Instead of or in addition to electrical conductivity, turbidity can also be 

measured. 

 

[0048] It is also an object of the invention to provide a device for carrying out 

the method of the invention, comprising 15 

a separating device for separating the phases; 

at least one outlet in the separating device; 

at least one probe for measuring electrical conductivity and/or at least one probe 

for measuring turbidity in at least one of the phases in the separating device; 

one or more removal device(s) and/or means for regulating and/or controlling 20 

the removal quantity, removal rate(s) and/or removal duration of the light 

phase, the heavy phase and, if present, the intermediate phase, based on 

the measured values of electrical conductivity (for the probe(s) for measuring 

electrical conductivity) or based on the measured values of turbidity (for the 

probe(s) for measuring turbidity) in at least one phase. 25 

 

[0049] A removal device is, for example, an immersion tube, the structure and 

function of which will be explained in detail later. 

 

[0050] The invention also relates to the use of the method or device according 30 

to the invention for adjusting the position of the phases in a separating device 

and separately removing the phases from a separating device based on the 
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measured electrical conductivity values of the phases (for the probe(s) for 

measuring electrical conductivity) and/or based on the measured turbidity 

values of the phases (for the probe(s) for measuring turbidity). 

 

[0051] Additional features and advantages of the disclosure will be indicated in 5 

the detailed description that follows and, in part, will be readily apparent to the 

person skilled in the prior art from the description or will be recognized by 

putting the disclosure as described herein into practice, including the detailed 

description that follows, the claims along with the accompanying drawings. The 

claims set forth below form a part of this description and are incorporated 10 

herein directly and by reference. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

[0052] Figures 1 to 22 are schematic illustrations of exemplary embodiments 15 

of the present disclosure. In the figures in detail: 

 

[0053] Figure 1 shows a schematic side view in section of an exemplary 

embodiment of a separating device according to the invention, showing the 

course of an extraction of a batch at 3 points in time of the separation with a probe 20 

for measuring the electrical conductivity of the phases, plotted against time; 

 

[0054] Figure 2 shows a schematic side view in section of an exemplary 

embodiment of a separating device according to the invention, representing 

a continuous extraction with two probes for measuring the electrical 25 

conductivity of the phases; 

 

[0055] Figure 3 shows a schematic side view in section of an exemplary 

embodiment of a separating device according to the invention, representing 

a continuous extraction with two probes for measuring the electrical 30 

conductivity of the phases at a different point in time than Figure 2; 
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[0056] Figure 4 shows a schematic side view in section of a further exemplary 

embodiment of a separating device according to the invention, representing 

a continuous extraction with two probes for measuring the electrical 

conductivity of the phases; 

 5 

[0057] Figure 5 shows a cross-section of a further exemplary embodiment of 

a separating device according to the invention with 4 probes in a radial 

arrangement (left) and a side view thereof (right); 

 

[0058] Figure 6 shows a cross-section of a further exemplary embodiment of 10 

a separating device according to the invention with 4 probes in a radial 

arrangement with horizontal distribution (left) and a side view thereof (right); 

 

[0059] Figure 7a shows an illustration of the start-up of a continuous 

extraction of an exemplary embodiment of the method according to the 15 

invention in a separator in an aqueous two-phase phosphate system based 

on the measured electrical conductivity in [mS/cm] for the heavy phase with 

a first probe, plotted against time in [s]; 

 

[0060] Figure 7b shows an illustration of the start-up of a continuous 20 

extraction of an exemplary embodiment of the method according to the 

invention in a separator in the aqueous two-phase phosphate system of 

Figure 7a based on the measured electrical conductivity in [mS/cm] for the 

light phase with a second probe, plotted against time in [s]; 

 25 

[0061] Figure 8 shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in an 

aqueous two-phase phosphate system, shown based on the electrical 

conductivity profiles measured with two probes in [mS/cm], in each case for 

the light and the heavy phase, plotted against time in [s]; 30 
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[0062] Figure 9a shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in an 

aqueous two-phase citrate system, shown based on the electrical 

conductivity profile in [mS/cm] for the heavy phase measured with a first 

probe, plotted against time in [s]; 5 

 

[0063] Figure 9b shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in the 

aqueous two-phase citrate system of Figure 9a, shown based on the 

electrical conductivity profile in [mS/cm] for the light phase measured with a 10 

second probe, plotted against time in [s]; 

 

[0064] Figure 10 shows a course of a continuous extraction of an exemplary 

embodiment of the method, wherein a single-phase system is fed into the 

separator instead of a two-phase system; 15 

 

[0065] Figure 11 shows a course of a continuous extraction of an exemplary 

embodiment of the method, wherein the water content of the two-phase system 

is varied and the interference system is present in the separator from the start; 

 20 

[0066] Figure 12 shows a course of a continuous extraction of an exemplary 

embodiment of the method, wherein the polymer content of the two-phase 

system is varied and the interference system is present in the separating 

device from the start; 

 25 

[0067] Figure 13 shows a course of a continuous extraction of an exemplary 

embodiment of the method, wherein the buffer salt content of the two-phase 

system is varied and the interference system is present in the separating 

device from the start; 

 30 

[0068] Figure 14 shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in an 
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aqueous two-phase citrate system with a cell culture, shown based on the 

electrical conductivity profiles measured with two probes in [mS/cm], in each 

case for the light and the heavy phase, plotted against time in [s]; 

 

[0069] Figure 15 shows a bar graph showing the cell count in [105 cells/mL] of 5 

the cell culture used in Example 5.1, along with the cell counts of the light 

phase at various points in time during the method; 

 

[0070] Figure 16 shows a course of a continuous extraction of an exemplary 

embodiment of the method not according to the invention in a separator in an 10 

aqueous two-phase phosphate system with a cell culture, shown based on 

the electrical conductivity profiles in [mS/cm] measured with two probes, in 

each case for the light and the heavy phase, plotted against time in [s]; 

 

[0071] Figure 17 shows a course of a continuous extraction of an exemplary 15 

embodiment of the method according to the invention in a separator in an 

aqueous two-phase phosphate system with a cell culture, shown based on 

the electrical conductivity profiles measured with two probes in [mS/cm], in 

each case for the light and the heavy phase, plotted against time in [s]; 

 20 

[0072] Figure 18 shows a bar graph showing the cell count in [105 cells/mL] 

of the cell culture used in Examples 5.2 and 5.3, and the cell counts of the 

light and heavy phases at various points in time during the method; 

 

[0073] Figure 19A shows a course of a continuous extraction of an exemplary 25 

embodiment of the method according to the invention in a separator in an 

aqueous two-phase phosphate system with a cell culture, shown based on 

the electrical conductivity profiles measured with two probes in [mS/cm], in 

each case for the light and the heavy phase, plotted against time in [s]; 

 30 

[0074] Figure 19B shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in an 
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aqueous two-phase phosphate system with a cell culture, shown based on 

the height adjustment of the immersion tube in [cm] in the separator, which 

correlates with the conductivity values of Figure 19A; 

 

[0075] Figure 20 shows a course of a continuous extraction of an exemplary 5 

embodiment of the method according to the invention in a separator in an 

aqueous two-phase citrate system with cell lysate, shown based on the 

electrical conductivity profiles measured with two probes in [mS/cm], in each 

case for the light and the heavy phase, plotted against time in [s]; 

 10 

[0076] Figure 21 shows a bar graph showing the yield and concentration for 

plasmid DNA of the method described in Example 6; 

 

[0077] Figure 22 shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in an 15 

aqueous two-phase citrate system using two pumps, shown based on the 

pump flows during the method; and 

 

[0078] Figure 23 shows a course of a continuous extraction of an exemplary 

embodiment of the method according to the invention in a separator in an 20 

aqueous two-phase system using a probe for measuring the turbidity values. 

 

DETAILED DESCRIPTION OF THE INVENTION 

 

DEFINITION OF GENERAL TERMS 25 

 

[0079] Terms not specifically defined herein are to be given the meaning that a 

person skilled in the prior art would give them in light of the disclosure and context. 

 

[0080] As used herein, "purification and enrichment" is understood to mean 30 

that undesired components, such as contaminants or impurities, in particular 

host cell proteins (HCPs), host cell DNA (DNA), media components, viruses 
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and endotoxins and the like, can be depleted and the purity of the target 

product increases as a result of the method. 

 

[0081] The term "enriching" also comprises concentrating, wherein 

"concentrating" in this connection means that the target product in step g. is 5 

obtained in a higher concentration (mass/volume) compared to step a. 

 

[0082] "Conductivity" here is to be understood as electrical conductivity. When 

"measurement of the electrical conductivity of a phase" or similar wording is 

specified, it means that the electrical conductivity is measured at specific positions 10 

in that phase using one or more conductivity measuring devices, such as probes. 

 

[0083] The term "conductivity probe" as used herein is to be understood as a 

probe that measures electrical conductivity. 

 15 

[0084] The expression "electrical conductivity of the light/heavy phase" or similar 

expressions are to be understood to mean that the electrical conductivity of the 

light, heavy or intermediate phase is not actually measured, but the electrical 

conductivity at certain predefined locations or suitable positions in the separator 

is measured. The predefined locations or suitable positions are the locations in 20 

the separating device where one or more conductivity measuring devices, in 

particular one or more probes, measure the electrical conductivity. 

 

[0085] "Turbidity" of a transparent fluid is an optical impression caused by 

small particles that have a refractive index different from the carrier medium 25 

or show absorption. The turbidity of a fluid is determined optically and 

measured with the aid of an electronic evaluation. For example, the 

wavelength of the measuring radiation is 860 nm in the infrared range 

(according to ISO 7027). Alternatively, turbidity can be measured with a white 

light lamp (e.g., a tungsten lamp) between 400 and 600 nm (EPA 180.1). The 30 

skilled person is familiar with the measurement of turbidity from the prior art, 

such that he can readily select and use a suitable measuring radiation. A 
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distinction is made between two measuring methods: The weakening of the 

transmitted light radiation (so-called transmitted light) and the lateral 

scattering of the light radiation (so-called scattered light). In order to be able 

to compare measured turbidity values, the turbidity standard fluid formazine 

was created, such that, in practice, all turbidity units refer to its dilution. A 5 

common turbidity unit is FAU (formazine attenuation unit; transmitted light 

measurement; angle 0°; according to the provisions of the ISO 7027 

standard). Turbidity can be measured by various measuring devices; these 

are turbidity measuring devices, in particular turbidity probes. Turbidity 

probes then measure, for example, light scattering (side scattering) or are 10 

transmitted light probes that measure the attenuation of transmitted light 

radiation. The measurement signal or the measurement unit here is 

absorbance. The wavelength of the measuring radiation can vary. For 

example, commercially available turbidity probes may be used. 

 15 

[0086] The term "light phase probe" or similar terms refers to the probe that is 

immersed in the light phase where it measures electrical conductivity. Thus, such 

probe is assigned to the light phase. The "measurement of the electrical 

conductivity of the light phase" thus means the measurement of electrical 

conductivity with the probe assigned to the light phase. 20 

 

[0087] The term "heavy phase probe" or similar terms refer to the probe that 

is immersed in the heavy phase where it measures the electrical conductivity. 

Such probe is thus assigned to the heavy phase. Thus, the "measurement of 

the electrical conductivity of the heavy phase" means the measurement of 25 

electrical conductivity with the probe assigned to the heavy phase. 

 

[0088] The expression that a probe is inserted "at a suitable position" in the 

separating device means that the probe for the heavy phase is also immersed 

in it and the probe for the light phase is immersed in it, such that the 30 

respective probe can measure the electrical conductivity of the assigned 
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phase. The probe measures electrical conductivity at the predefined location 

where it was placed in the phase. 

 

[0089] "Regulating and/or controlling" a parameter is understood to mean the 

monitoring and correction and/or regulation of the parameter. 5 

 

[0090] "Allowing to segregate" means that the aqueous phases of the two-

phase system separate by themselves. Gravity is sufficient for this purpose. 

 

[0091] The term "phase boundary interface(s)" means that either there is no 10 

intermediate phase, in which case only the light and heavy phases are present 

in the separating device and there is a phase boundary interface between 

them. Or there is an intermediate phase, in which case there is a phase 

boundary interface between the intermediate phase and the light phase and a 

phase boundary interface between the intermediate phase and the heavy 15 

phase. Therefore, the term "phase boundary(s)" comprises both variants. 

 

[0092] The term "continuous" means that one or more material flows into the 

separating device and one or more material flows out of the separating 

device. Thereby, the sum of the incoming material flows is usually equal to 20 

the sum of the outgoing material flows. If a method or method step is carried 

out continuously, it is performed without interruption. 

 

[0093] The term "discontinuous" means that processing is not continuous. For 

example, a quantity limited by the capacity of the separating device (one batch 25 

or formulation) can be fed and the product can be removed all at once after 

the method is complete. For example, individual products can also be 

manufactured initially (batch), then stored and methoded later. 

 

[0094] The term "semi-continuous" means that continuous and discontinuous 30 

methods are present. If a method is semi-continuous, the method is only partially 

continuous. This means that the continuous method is interrupted. This procedure 



 26 

can then also be understood as discontinuous. If a method step is semi-

continuous, this step comprises continuous and non-continuous sub-steps. 

 

[0095] The term "polymer(s)" is understood here as such polymeric 

compounds that can form an aqueous two-phase system and/or can be used 5 

in an aqueous two-phase system, but do not adversely affect the target 

product as far as possible. 

 

[0096] The term "salt(s)" refers to those salts that can form an aqueous two-

phase system together with a polymer(s) and/or can be used in an aqueous two-10 

phase system, but do not adversely affect the target product as far as possible. 

These are, for example, inorganic or organic salts, in particular buffer salts. 

 

EMBODIMENTS OF THE INVENTION 

 15 

[0097] The method of the invention with its various embodiments will be 

explained in detail below. 

 

[0098] In general, the method of the invention can be carried out continuously 

or discontinuously. If the method is carried out continuously, each step is 20 

carried out continuously and immediately (continuously) follows the next step. 

 

[0099] Only individual method steps can also be carried out continuously. 

 

[0100] The method can also be carried out discontinuously. The method can 25 

be discontinuous as a whole, for example when carried out in batches, or one 

or more steps of the method may be discontinuous. 

 

[0101] In the method of the invention, steps carried out continuously and 

discontinuously (non-continuously) may also be combined. 30 

 

[0102] A method step can comprise continuous and discontinuous substeps. 
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[0103] According to one embodiment, steps a) to g) or steps b) to g) or steps 

c) to g) or steps d) to g) are carried out continuously or discontinuously. 

 

[0104] According to a further embodiment, steps a) to f) or steps b) to f) or 5 

steps c) to f) or steps d) to f) are carried out continuously or discontinuously. 

 

[0105] The term "in continuous operation" as used here means that at least 

steps d., e. and f., which are carried out in the separating device, are each 

carried out continuously and that there is also no interruption between such 10 

steps, i.e., the partial method d. to f. is carried out continuously overall. 

 

[[00110066]]  The method according to the invention for purifying and enriching a 

target product is suitable for any type of protein, in particular immunoglobulins, 

or for any type of nucleic acid, such as plasmid DNA, genomic DNA, RNA, or 15 

any type of virus, such as adenoviruses, adeno-associated viruses and retro- 

and lentiviruses, or other viruses not mentioned herein.  

  

[0107] In step a. of the method of the invention, a starting solution containing 

the target product is initially provided. This can constitute any type of starting 20 

solution, as long as it can be converted to an aqueous two-phase system. 

 

[0108] The term "starting solution" is to be understood as broadly as possible 

in this connection and comprises not only true solutions, but any type of 

homogeneous or even heterogeneous mixture with which liquid-liquid phase 25 

separation can be carried out. Thereby, dispersions are to be included. 

Therefore, the starting solution is a fluid-containing mixture of the 

components to be separated, which are dissolved or dispersed in water in 

the aqueous two-phase system. Therefore, the starting solution can be a true 

solution or a dispersion and can also have solid components, such as cells, 30 

cell fragments or precipitates dispersed in the solvent. 

 



 28 

[0109] The starting solution can be a cell culture, a cell supernatant or a cell 

lysate containing the target product (e.g., antibodies, viruses, mRNA). In one 

embodiment, the starting solution is a cell lysate prepared by alkaline lysis of 

cells and contains plasmid DNA. Thereby, the cells can be prokaryotic or 

eukaryotic cells, in particular fungi, yeasts, bacteria, such as E. coli. 5 

 

[0110] The starting solution is converted to an aqueous two-phase system 

(ATPS) in step b.; i.e., an aqueous two-phase system is prepared using the 

starting solution. 

 10 

[0111] The preparation of the aqueous two-phase system can be carried out 

continuously, discontinuously or semi-continuously. For example, the two-

phase system can be produced continuously. It is also possible to produce a 

batch of the two-phase system and then method it further. 

 15 

[0112] To prepare an aqueous two-phase system, at least one polymer and at 

least one salt are added to the starting solution in a suitable concentration, or 

at least two polymers are added to the starting solution in a suitable 

concentration. The term "in a suitable concentration" means that such a 

concentration is used that an aqueous two-phase system is formed. This 20 

concentration depends on the starting materials used and is known to the 

person skilled in the prior art or can be determined by a few orienting tests. 

 

[0113] The aqueous two-phase system is not particularly limited according to 

the invention, provided that a combination of polymer(s)/polymer(s) or 25 

polymer(s)/salt(s) is used. Of course, water is used as the solvent. That is, 

the solvent in all phases is water; an organic solvent is not present. 

 

[0114] The polymer(s)/polymer(s) combination used is, for example, polyethylene 

glycols (PEGs) with different molecular weights and dextran. Dextrans may be 30 

used with different molecular weights dissolved in aqueous solution. 
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[0115] According to one embodiment of the invention, the 

polymer(s)/polymer(s) combination is, for example, selected from 

polyethylene glycol (PEG)/polyethylene glycol (PEG), such as PEG 400/PEG 

8000, PEG400/PEG2000, polyethylene glycol (PEG)/dextran. Other phase-

forming polymers, such as polyethylene glycols (PEG) include polypropylene 5 

glycols (PPG), dextrans, PEG-PPG-PEG copolymer (EOPO) and the like. 

The phase-forming polymers may be used with different molecular weights. 

 

[0116] As the polymer(s)/salt(s) combination, polyethylene glycols (PEG) with 

different molecular weight and different salts, such as phosphate salts, 10 

ammonium salts, potassium salts, acetate salts, sodium salts or citrate salts, 

for example ammonium sulphate, potassium citrate, sodium citrate, 

potassium acetate, sodium acetate, ammonium acetate, potassium 

phosphate, are used. Thereby, multiple salts (combinations) can also be used 

at the same time. Other salts known in the prior art, which can form an 15 

aqueous two-phase system together with a polymer(s), may also be used. 

 

[0117] According to another embodiment of the invention, the 

polymer(s)/salt(s) combination is selected from polyethylene glycol(s) 

(PEG)/phosphate salt(s) and optionally other salts. In the present invention, 20 

an aqueous two-phase system comprising at least one polymer and at least 

one phosphate salt is also referred to as a "two-phase phosphate system." 

 

[0118] According to another embodiment of the invention, the 

polymer(s)/salt(s) combination is selected from polyethylene glycol(s) 25 

(PEG)/citrate salt(s) and optionally other salts. In the present invention, an 

aqueous two-phase system comprising at least one polymer and at least one 

citrate salt is also referred to as a "two-phase citrate system." 

 

[0119] According to another embodiment of the invention, the 30 

polymer(s)/salt(s) combination is selected from polyethylene glycol(s) 

(PEG)/ammonium salt(s) and optionally other salts. In the present invention, 
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an aqueous two-phase system comprising at least one polymer and at least 

one ammonium salt is also referred to as a "two-phase ammonium system." 

 

[[00112200]]  According to one embodiment of the invention, other phase-forming 

polymers may be used for the polymer(s)/salt(s) combination, for example 5 

selected from polyethylene glycols (PEG), polypropylene glycols (PPG), 

PEG-PPG-PEG copolymer (EOPO) and the like. The phase-forming 

polymers may be used with different molecular weights.  

  

[0121] According to a further embodiment, the polymer used for the aqueous 10 

two-phase system is polyethylene glycol with a molecular weight between 

200 and 8000 g/mol. In one embodiment, the polymer used is polyethylene 

glycol having a molecular weight between 200 and 6000 g/mol or between 

200 and 4000 g/mol. Molecular weights other than those specifically 

disclosed for polyethylene glycol may also be used. 15 

 

[0122] The polymer or polymers, such as polyethylene glycol, can be used, 

for example, in a concentration of 5 to 35 wt.% based on the total quantity of 

aqueous two-phase system. 

 20 

[0123] The phosphate salts used are, for example, sodium and potassium 

phosphates and alkali hydrogen phosphates, such as sodium mono- or 

dihydrogen phosphate or potassium mono- or dihydrogen phosphate, and many 

others. Other usable salts are known to the skilled person. One or more 

phosphate salts may be present simultaneously. 25 

 

[0124] The citrate salts used are, for example, sodium and potassium citrates 

and many others. Citric acid can also be used. One or more citrate salts may 

be present simultaneously. 

 30 
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[0125] The ammonium salts used are, for example, ammonium sulfate, 

ammonium chloride and many others. One or more ammonium salts may be 

present simultaneously. 

 

[0126] Additionally, it may be advantageous if other salts are present in the 5 

polymer/salt combination, such as sodium chloride, potassium chloride, acetates, 

tris(hydroxymethyl)aminomethane (Tris). Acetic acid may also be used. 

 

[0127] Biomolecule-stabilizing components, such as ammino acids (e.g., L-

arginine), or sugars (e.g., sorbitol), or additives, such as polysorbates, may also 10 

be added to the two-phase system to protect the target molecule from 

precipitation or product loss at high polymer or salt concentrations. 

 

[0128] It has been found to be advantageous if a two-phase system is 

prepared with the starting solution, with which a phase ratio of the phase 15 

containing the target product to the counterphase of > 1.1 is used. For 

example, a ratio (volume/volume) of phase to counterphase = 1.11 or greater 

(for the phase) to 1.0 (for the counterphase) is advantageous. The phase 

ratio can be a volume ratio (volume/volume) or mass ratio (wt/wt). The 

separation of the protein, nucleic acid or virus can thus be improved. 20 

 

[0129] According to a further embodiment, the density ratio of light and heavy 

phase in the two-phase system used is at least 1.06. Accordingly, the ratio of 

the density of the heavy phases to the density of the light phase is 1.06 or 

greater (for the heavy phase) to 1 (for the light phase). This signifies a density 25 

difference of at least 6% between the two phases; i.e., there can also be a 

very small density difference between the two phases and yet a separation 

of the phases can be carried out without any problems. Such a density ratio 

is advantageous with regard to a short method time. 

 30 

[0130] Since aqueous two-phase extraction (ATPE) requires two immiscible 

phases for the separation of target product and impurities, one of the phases 
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enriching the target product, in particular substantially containing it, and the 

counterphase enriching the impurities, in particular substantially containing 

them, it is expedient to select a corresponding aqueous two-phase system 

depending on the target product and impurities contained. This can be done 

by the skilled person according to the state of the art and his technical 5 

knowledge based on a few orienting tests. 

 

[0131] After converting the starting solution into an aqueous two-phase system 

(ATPS) in step b., the mixing of the obtained aqueous two-phase system is 

carried out in step c. The mixing of the aqueous two-phase system is carried 10 

out while maintaining a mass transfer, with which the target product is enriched 

in the light or heavy phase, and in particular is now substantially in only one of 

the phases. The expression that the target product "is enriched in the light or 

heavy phase" means that approximately 50% or more or approximately 60% 

or more or approximately 70% or more or approximately 80% or more or 15 

approximately 85% or more or approximately 90% or more or approximately 

95% or more or approximately 98% or more of target product is present in a 

phase. However, for unstable or easily precipitated products, as little as 

approximately 40% or more or approximately 45% or more of target product 

may be sufficient if it is enriched in one phase. This is particularly highly when 20 

dealing with expensive or very valuable target products. 

 

[0132] The mixing of the aqueous two-phase system in step c. is carried out 

while maintaining mass transfer, in particular sufficient mass transfer. Mass 

transfer is not sufficient if the target product is not enriched in the light or 25 

heavy phase, as already defined. A suitable or sufficient mass transfer can 

be determined, for example, by preliminary tests or by analyzing the 

concentration of the target product in the individual phases after mixing. 

 

[0133] Therefore, the mass transfer results from the different distribution in the 30 

phases. There are several ways for the skilled person to determine that mass 

transfer has occurred; i.e., that the target product has concentrated in one of 
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the phases. The skilled person can determine this, for example, by simple 

preliminary tests. These are, for example, settling tests at defined energy 

inputs in a reaction vessel (batch mode). Therefore, the mass transfer can be 

influenced in particular by the energy input during mixing. The phase 

separation behavior of the aqueous two-phase system used and the content 5 

of the target product in the phases are also determined. 

 

[0134] To investigate the phase separation behavior, for example, the energy 

input during mixing is varied and the separation time for the formation of the 

phases is determined. Thereby, the end of phase formation is usually if the 10 

height of the interface of the light phase/heavy phase in the reaction vessel 

no longer changes. In order to determine whether the target component has 

partially, mainly or completely transferred into the target phase and the 

energy input used leads to mass transfer, the content along with the process 

yield of the target component can be determined in the formed phases. 15 

 

[0135] The energy input can be determined, for example, via a specific 

agitator speed in the selected test setup (defined type of agitator and defined 

reaction vessel (height/diameter)). A determined energy input for mass 

transfer of the target component in a given aqueous two-phase system can 20 

then be adapted accordingly, for example, for different extraction containers, 

process formats (batch and continuous phase separation) and agitator types 

and setups (active or stationary energy input). 

 

[0136] Other influencing factors, such as temperature, concentration of target 25 

product and byproducts (such as host cell proteins, cell number), may be 

used to optimize the energy input for each two-phase system during the 

preliminary tests or settling tests. 

 

[0137] It is also possible that the mass transfer in step c. under different 30 

conditions (among others: temperature, dwell time, agitator speed, energy 

input, structure of the mixer during active mixing, structure of a static mixer, 
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flow rate, etc. in the static mixer during static mixing) can be determined 

directly in the device in which the method of the invention is carried out, and 

the best conditions for mass transfer according to the invention can be 

determined. For this purpose, the method is carried out, for example, under 

different conditions in step c. and the content of the different ingredients is 5 

determined in the settled and separated phases: e.g.: content of the target 

product in the target phase and optionally in the other phases. 

 

[0138] This can be determined by different methods under the prior art. 

Examples include, among others: chromatographic methods, such as reversed 10 

phase HPLC and other HPLC methods (anion exchange, cation exchange, 

HIC (hxdrophobic interaction chromatography), affinity chromatography 

(protein A and other ligands, that can specifically bind the target product)), 

nano-HPLC, UHPLC, electrophoretic methods, such as SDS-PAGE 

(polyacrylamide gel electrophoresis) among others, antibody binding-based 15 

methods, such as ELISA, Western blot etc., fluorometric or spectroscopic 

methods for proteins providing corresponding spectroscopic and fluorometric 

signals, and all other methods under the prior art for the analysis of target 

products, such as proteins and nucleic acids, in particular quantitative analysis. 

 20 

[0139] The content of nucleic acids, in particular plasmid DNA (pDNA) in the 

target phase can be determined by cation exchange HPLC, nano-HPLC, and 

UHPLC methods, spectroscopic chromogenic assays, agarose gel 

electrophoresis, capillary electrophoresis, and the like, among others. 

 25 

[0140] It is also possible to determine the content of impurities not desired in 

the target phase in both the target phase and the other phase(s) by methods 

under the prior art. For example, host cell proteins can be determined by 

SDS-Page or ELISA, and DNA and RNA can be determined by methods 

commonly used and accepted in the pharmaceutical industry. Similarly, there 30 

are various methods under the prior art for determining the content of other 

impurities in the various phases, some of which are to be separated by ATPE: 
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chromogenic assays and LAL (limulus amebocyte lysate test) for endotoxins, 

cation exchange HPLC for the determination of the different pDNA isoforms 

in the individual phases, quantitative determination methods for host DNA, 

RNA, host cell proteins, lipids, endotoxins, virus and viral components, etc. 

 5 

[0141] In order to be able to determine a mass transfer, the content of the target 

product and/or the undesired impurities in the starting solution of step a. of the 

method according to the invention is compared with the content of the target 

product and/or the undesired impurities in the individual segregated phases in 

step d. Thereby, an enrichment or depletion of the target product and/or the 10 

undesired impurities in the respective phases is then determined. The content 

is the proportion, quantity or concentration of the target product or impurities 

in the respective phases. Therefore, a change in the content of the target 

product and/or impurities by comparing the starting solution of step a. with one, 

two, or all of the segregated phases in step d. indicates a mass transfer. 15 

 

[0142] Mass transfer can be achieved by active and/or static mixing. With active 

mixing, the aqueous two-phase system (ATPS) is mixed by means of moving 

parts, such as an active stirrer. Active stirrers are, for example, rotating agitators 

or agitators with a different effective movement. Static mixing takes place without 20 

the aid of moving parts, for example in a static mixer. Known static mixer types 

are, for example, Kenics mixers, which consist of plates twisted by 180° with each 

helix offset by 90°; or Sulzer SMV mixers, constructed of corrugated slats that 

conduct the currents so that they cross one another. A mass transfer, in particular 

a sufficient mass transfer during mixing, can be achieved, for example, by the 25 

energy input or power input during mixing and/or also the duration or dwell time 

over which mixing takes place. This depends on the individual case. 

 

[0143] In tests with a cell cultures, it was found that the turbidity of the light 

phase could be avoided if a power input of more than 30 kW/m³ and a dwell 30 

time of more than 5 minutes were used during mixing. Such exemplary values 

could serve as a guide for the skilled person. The skilled person can 
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determine a suitable procedure based on a few orienting tests, wherein each 

material system leads to different values. 

 

[0144] The mixing of the phases is necessary in any case to achieve redistribution 

of the target product to the desired phase. The mixing of the aqueous two-phase 5 

system, resulting in mass transfer, is useful to obtain the highest possible yield of 

the target product. Mixing can be recognized, for example, by the fact that the 

product-containing phase is continuous, i.e., does not form droplets, and the 

counterphase is disperse, i.e., forms droplets. Insufficient mixing can lead to 

incorrect phase composition or contamination of the target phase with the 10 

counterphase, resulting in reduced product purity or making separation of the 

target product impossible. An example of insufficient mixing with incorrect phase 

composition is explained in the exemplary embodiments. 

 

[0145] In step d., the phases are allowed to segregate in a separating device 15 

into a light phase, a heavy phase and, if necessary, an intermediate phase. 

This can be performed continuously or discontinuously. 

 

[0146] The separating device can be any type of separating device known to 

the skilled person that is suitable for liquid-liquid phase separation, such as 20 

a separator or mixer-separator. 

 

[0147] With a continuous method, this is carried out in such a way that the feed 

and removal of the fluid takes place in such a way that separation into the 

individual phases and their separate removal takes place continuously. With a 25 

discontinuous method, a batch is fed into the separating device, the phases are 

allowed to segregate, and then a separation of the phases is carried out by means 

of separate removal from the separating device. In the case of a discontinuous 

method, allowing the phases to segregate can also be carried out directly in the 

device in which the mixing of the aqueous two-phase system (ATPS) takes place. 30 

Thereby, after the mixing is completed, the segregating of the phases is waited 

for. The device in which the mixing of the aqueous two-phase system (ATPS) 
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takes place can thus also subsequently be used as a separating device. It is also 

possible to switch between discontinuous and continuous operation. 

 

[0148] The upper phase in the aqueous two-phase system is the light phase 

and the lower phase is the heavy phase. The target product can be located 5 

in the light or heavy phase; this depends on the properties of the particular 

target product and the two-phase aqueous system selected. 

 

[0149] According to one embodiment, the segregating can also be carried out 

semi-continuously. This means that the continuous method is briefly 10 

interrupted and the segregating in step d. is not carried out continuously, but 

is initially waited for. This can lead to a better formation of the phase boundary 

interface(s) and therefore facilitate the subsequent separation of the phases. 

 

[0150] When providing the starting solution in step a., it can also be 15 

advantageous to method semi-continuously here, i.e., to interrupt the 

otherwise continuous method. For example, if plasmid DNA is to be purified 

and enriched as the target product, the cell lysate is prepared as the starting 

solution via alkaline lysis followed by neutralization, for example with citrate 

salt. Thus, the salt buffer (such as citrate) required for aqueous two-phase 20 

extraction (ATPE) is already available and the two-phase system can be 

prepared and used immediately. However, in order to accurately control lysis, 

it may be expedient if this is not carried out continuously, but rather a suitable 

duration of lysis is observed and only then is the continuous procedure 

resumed. The neutralization that is then required is carried out with the salt 25 

buffer that is also required for the aqueous two-phase extraction (ATPE) (in 

this example: citrate). Advantageously, the salt quantity required for aqueous 

two-phase extraction (APTE) can be added completely in the lysis step. 

 

[0151] However, it may also be advantageous if for purification and 30 

enrichment, in particular concentration of plasmid DNA, alkaline lysis, 
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neutralization, transfer to an aqueous two-phase system, allowing segregation 

and the separate removal of the phases are carried out continuously. 

 

[0152] For example, it is also possible to proceed as follows: Alkaline lysis is 

performed continuously or discontinuously, and transfer into an aqueous two-5 

phase system is performed continuously or discontinuously or in batches, for 

example also with alternating cycles in each case. For example, 2 separating 

devices could be used alternately with continuous and discontinuous 

operation, or 2 separating devices connected in series could be used. 

 10 

[0153] In step e., a continuous measurement of electrical conductivity is 

carried out in the separating device. This can be used to monitor the course 

of allowing the phases to segregate. However, electrical conductivity is used 

in particular to determine the position of the two phases and the phase 

boundary interface or, in the presence of an intermediate phase, the position 15 

of the intermediate phase and the two phase boundary interfaces. 

 

[0154] If a cell suspension or cell lysate is used as the starting solution, i.e., a 

dispersion of bioparticles comprising the target product, along with cells, cell 

fragments and medium, it is often the case that a mixed phase that is 20 

constructed of bioparticles, but that usually no longer contains the target 

product, is formed. This mixed phase is also referred to here as the 

"intermediate phase," i.e., a phase that exists between the two phases to be 

separated. For example, the intermediate phase may be a mixture of a 

proportion of the heavy phase in the form of non-coalesced droplets and cells 25 

bound between them. The formation and size of the intermediate phase is 

substantially dependent on the cells. The intermediate phase can also consist 

of precipitate, which is produced, for example, during the recovery of plasmid 

DNA by the alkaline lysis of cells during neutralization. This precipitate 

contains, for example, precipitated potassium dodecyl sulfate (K-SDS), 30 

proteins, cell components, genomic DNA, RNA and the like. 
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[0155] It is obvious that phase separation is complicated by the formation of an 

intermediate phase. The intermediate phase could spread in a completely 

uncontrolled manner to an existing lower and/or upper device outlet during 

continuous phase separation in the separating device without a filling level 

control. Therefore, without monitoring or detection capability, the removal of 5 

the phases cannot be controlled and managed. 

 

[0156] Electrical conductivity was selected as the material parameter to be 

measured for reliable phase detection in the present invention, since it was 

found that the differences of this in the two phases of an aqueous two-phase 10 

system (ATPS) are large enough to be detected. For example, in the 

polymer/salt system, the polymer or polymer phase has low electrical 

conductivity and the salt or salt-rich phase has high electrical conductivity. Since 

only two phases are formed in a polymer/salt ATPS at sufficiently high 

concentrations of polymer or salt (> binodal), there is always a sufficient 15 

difference in the electrical conductivities of the light and heavy phases. Similarly, 

correspondingly suitable polymer/polymer systems may also be used. 

 

[0157] Since, to date, there is no measurement technique that meets the 

requirements for the detection of a phase boundary interface or intermediate 20 

phase of an aqueous two-phase system (ATPS), a concept initially had to be 

developed to determine electrical conductivity in a suitable manner. 

 

[0158] Therefore, based on material property measurements, a conductivity-

based measuring principle was developed and experimentally tested on ideal and 25 

real mixtures, wherein the target product can be either in the upper or lower 

phase. As it has been found, the measuring principle is suitable to determine the 

position of the individual phases or phase boundary interface(s) based on the 

measurement of electrical conductivity, and independent of the distribution of the 

target product and the impurities, since the conductivity difference of the phases 30 

to be separated are mostly not influenced by the target product and the impurities. 
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[0159] Controlled phase separation according to the invention, whether with 

or without an intermediate phase, using the continuously measured electrical 

conductivity values, increases the yield of the method along with the product 

purity and quality finally obtained. 

 5 

[0160] According to one embodiment of the invention, continuous measurement 

of the electrical conductivity of the phases in the separating device is carried out 

using one or more conductivity measuring devices in the form of one, two, three 

or more probes. That is, depending on the embodiment, one, two or even more 

probes may be used simultaneously in the separating device. Conductivity 10 

probes are known to the skilled person from the prior art. A probe measures 

electrical conductivity at the lower end in the usual way by means of measuring 

contacts. Exemplary conductivity probes are 4-pole conductivity probes with 4 

metal contacts. Other conductivity probes are also possible. 

 15 

[0161] The probe(s) is (are) installed or recessed in the separating device, for 

example, with the aid of fittings, and connected to central measured value 

detection and control electronics. 

 

[0162] Just one probe can be sufficient to measure electrical conductivity in the 20 

separator. If an extraction in batches is carried out, for example, only one 

conductivity probe can be used. This is arranged, for example, in the outlet of 

the separating device. The outlet is an opening in the lower part of the separating 

device and can be connected to or have a removal device for a controlled outlet, 

for example selected from a valve, flow regulator, a hose pinch clamp, a hose, 25 

a tube or a spigot and the like, or can have any other configuration. The 

conductivity probe, which is mounted, for example, in the lower region of the 

separating device, such as near the bottom, in the outlet, in particular in a hose, 

a tube, a spigot or the like connected to the outlet, but upstream of a valve or a 

hose pinch clamp or the like of the separating device, then detects the exiting 30 

phase based on its respective electrical conductivity during the emptying of the 



 41 

separating device, such that the phases can be separated from one another in 

a simple manner and collected in separate collection containers. 

 

[0163] According to another embodiment, one or more probes are used for 

continuous measurement of the electrical conductivity of the heavy phase 5 

and one or more probes are used for continuous measurement of the 

electrical conductivity of the light phase at different positions in the separating 

device. It may be advantageous if more than one probe is used, since this 

allows the detection of the position of the phases and interfaces and their 

control to be more accurate and thus improved. For example, one probe can 10 

continuously measure the electrical conductivity of the heavy phase and one 

probe can continuously measure the electrical conductivity of the light phase. 

 

[0164] If two probes are used and continuous extraction is carried out, it is 

advantageous to select the position of the two probes in a suitable manner. In 15 

the separating device, one outlet for the heavy phase can be provided in the 

lower part of the separating device (lower outlet) and one outlet for the light 

phase can be provided in the upper part of the separating device (upper outlet). 

Each of the two probes can then be assigned to a respective outlet, for 

example. The probe assigned to the respective phase can then be used to 20 

detect whether the corresponding phase is still present at the probe and thus 

in the vicinity of the respective outlet, or whether the phase boundary surface 

has already risen or sunk so far that the counterphase is present at the probe 

and thus in the vicinity of the outlet through which it is not to flow out. 

 25 

[0165] The probe positions are then selected, for example, in such a way that 

- regardless of the distribution of the target product in the upper or lower 

phase - the probe for the light phase (upper phase) is positioned lower than 

the upper outlet. This allows the electrical conductivity values to detect an 

excessive increase of the heavy phase (lower phase) before it is withdrawn 30 

via the upper outlet. The probe for the heavy phase (lower phase) is 

expediently placed higher than the lower outlet. This allows the electrical 
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conductivity values to detect an excessive decrease of the light phase (upper 

phase) before it is drained via the lower drain. 

 

[0166] According to one embodiment, it is therefore advantageous if the 

probe for the light phase is positioned lower than the upper outlet in the 5 

separating device and the probe for the heavy phase is positioned higher 

than the lower outlet in the separating device. 

 

[0167] Thereby, it is not necessary that the probes be positioned in the vicinity 

of the respective outlet, for example, directly above or directly below the 10 

respective outlet; rather, the respective height of the probes in the separating 

device relative to the outlets plays a role. Since the fluid height in the 

separating device is the same everywhere, "below an outlet" means that the 

probe is not at the same height level as the outlet, but is placed below the 

height of the discharge opening of the outlet. Similarly, "above an outlet" 15 

means that the probe is not at the same height level as the outlet, but is placed 

above the height of the discharge opening of the outlet. Therefore, for example, 

the height level of the fluid and the outlet under consideration is of importance. 

 

[0168] According to a further embodiment, the probe(s) for the light phase are 20 

arranged higher than the probe(s) for the heavy phase, which is regularly the 

case, since the light phase is always located above the heavy phase. In other 

words, it is advantageous if the probe(s) for the light phase is (are) placed 

below the upper outlet but higher than the probe(s) for the heavy phase. 

 25 

[0169] The advantage of such positioning of two probes in the separating 

device is that each of the two conductivity probes, which continuously 

measure electrical conductivity, immediately indicates the approach of the 

other phase or the intermediate phase by changing the conductivity value, 

and therefore exiting of the other or intermediate phase at the wrong outlet 30 

can be prevented. Regardless of whether the target product is in the light or 
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heavy phase, preventing the removal of a phase and/or the intermediate 

phase at the wrong outlet can prevent product loss. 

 

[0170] As mentioned above, more than 2 conductivity probes can also be 

provided in the separating device. For example, 3, 4, 5, 6, or more probes 5 

may be present in the separating device at the same time. A higher number 

of probes may be advantageous for more accurate detection of the location 

of individual phases and phase boundaries. 

 

[0171] It has been found that when using two, three or more probes, different 10 

positions may be advantageous. 

 

[0172] According to one embodiment, for continuous measurement of the 

electrical conductivity of the phases in the separating device, two, three, four or 

more probes are each inserted and introduced into an insertion opening in the 15 

wall of the separating device, wherein the insertion openings have an 

arrangement selected from: 

- an axial arrangement of the insertion openings, wherein the insertion 

openings are arranged on a straight connecting line; 

- a radial arrangement of the insertion openings, wherein the insertion 20 

openings are arranged in an arc; or 

- a radially offset arrangement of the insertion openings, wherein the 

insertion openings are arranged in an arc and additionally shifted in a 

preferred direction. 

 25 

[0173] The arrangements described are of particular advantage. In particular, 

if a larger quantity of biomass is present and it is also unclear how large the 

intermediate phase will be formed, the described embodiments are 

advantageous. This makes it possible to better cover in particular 

intermediate spaces between the individual probes, for example, even if the 30 

phase boundaries shift during the method. It is also possible to be more 

flexible with multiple probes, in particular with the arrangements described. 
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In addition, a large number of probes allows the immersion tube to be better 

positioned, such that phase separation can be optimized. 

 

[0174] According to one embodiment, therefore, the insertion openings for 

the probes in the wall of the separating device may be in an axial 5 

arrangement; i.e., a connecting line between the individual insertion openings 

would result in a straight line or axis and a linear arrangement would result. 

 

[0175] According to a further embodiment, the insertion openings for the 

probes in the wall of the separating device may also be in a radial 10 

arrangement. In the case of a radial arrangement of the insertion openings 

for the probes, these would be distributed at equal or different distances from 

one another on an imaginary arc, for example, on the round circumference of 

the separating device. A radial arrangement of the insertion openings and 

thus also of the probes present in the insertion openings is advantageous, 15 

since such a distribution enables a particularly advantageous detection and 

monitoring of the individual phases and thus a faster and more robust 

detection, control and monitoring of the method can take place. 

 

[0176] According to a further embodiment, the insertion openings for the 20 

probes and thus, of course, the probes present in the insertion openings may 

also be present in the wall of the separating device in a radially offset 

arrangement. This means that the insertion openings and the probes are 

distributed at equal or different distances relative to one another on an arc 

and are also shifted to an equal or different extent in a preferred direction, for 25 

example the longitudinal axis of the separating device. A radially offset 

arrangement of the probes also leads to improved detection of the phases 

and faster and more robust method control and monitoring. 

 

[0177] Mixed arrangements can also be used, wherein one or more insertion 30 

openings for the probes and thus also the probes are arranged partly radially 
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and partly axially. Other arrangements for the insertion openings of the 

probes than those described above are also possible. 

 

[0178] The number and arrangement or position of the probes in the 

separating device must be selected in each individual case and depends in 5 

particular on the target product and the impurities present along with the 

aqueous two-phase system used, and may also depend on whether or not 

an intermediate phase is formed. 

 

[0179] Based on the continuously measured electrical conductivity, the 10 

position of the two phases and their phase boundary interface or alternatively 

the position of the two phases and an intermediate phase and their two phase 

boundary interfaces can be determined according to the invention. In order 

to determine exactly where the phases are in the separating device, 

reference is made, for example, to so-called target values. These are either 15 

already known or can be readily determined in preliminary tests. 

 

[0180] In Table 1 below, exemplary electrical conductivities of light phase, heavy 

phase and intermediate phase are given for an aqueous two-phase citrate 

system and an aqueous two-phase phosphate system with and without cells: 20 

 

Table 1: Exemplary electrical conductivities for an aqueous two-phase 

citrate system and an aqueous two-phase phosphate system with and 

without cells 

 25 

Phase Electrical 
conductivity 
without cells 

Electrical 
conductivity with 

cells 
Light phase (phosphate) 10-25 mS/cm 10-25 mS/cm 

Light phase (citrate) 5-15 mS/cm 5-15 mS/cm 
Heavy phase (phosphate) 60-80 mS/cm 60-80 mS/cm 
Heavy phase (citrate) 30-50 mS/cm 30-50 mS/cm 
Intermediate phase (phosphate) n.a. 40-50 mS/cm 
Intermediate phase (citrate) n.a. 30-40 mS/cm 
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n.a...... not available, an intermediate phase does not occur, for example, if the 

target component or impurities (e.g., HCP, host cell DNA) precipitate in large 

quantities. The precipitation of the components from the solution, can occur, 

for example, at high salt contents, high polymer contents, corresponding pH 

values in the selected aqueous two-phase system for sensitive components. 5 

 

[0181] As can be seen from Table 1 above, each phase has its own range of 

electrical conductivity. The exemplary values for electrical conductivity given 

in Table 1 can serve as target value ranges for the aqueous two-phase 

systems (ATPSs) used. For example, with an aqueous two-phase phosphate 10 

system, the range for electrical conductivity for the light phase can be in a 

target value range of 10-25 mS/cm and for the heavy phase can be in a target 

value range of 60-80 mS/cm. For example, the target value range for 

electrical conductivity for the light phase of an aqueous two-phase citrate 

system can be 5-15 mS/cm, and for the heavy phase, 30-50 mS/cm. 15 

 

[0182] The ranges of values for electrical conductivity in the individual phases 

should not actually be changed by the presence of cells in the individual phases. 

However, in the presence of cells, an intermediate phase can occur, the electrical 

conductivity of which is in the range of 40-50 mS/cm in a two-phase phosphate 20 

system and in the range of 30-40 mS/cm in a two-phase citrate system. 

 

[0183] The conductivity ranges given in Table 1 demonstrate that there is a 

sufficiently large difference between the individual phases in an aqueous two-

phase system in order to enable the respective phases to be unambiguously 25 

determined based on their electrical conductivity values, such that phase 

separation is possible on the basis of the measured electrical conductivity. 

 

[0184] The target values given in Table 1 depend on the respective 

polymer(s), the salt(s) used and the respective concentration, such that these 30 

target value ranges are primarily for orientation only and may also differ 

significantly from the specified ranges in individual cases. In particular, the 
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presence of conductivity-lowering bioparticles (such as cells) can result in a 

significantly reduced electrical conductivity than would be expected. 

 

[0185] For the skilled person, it is readily possible to select a two-phase system 

suitable for the purification and enrichment of a desired target product. 5 

Advantageously, there is a detectable difference in conductivity values 

between the phase to be separated with the target product and the 

counterphase or between the phase to be separated with the target product 

and the intermediate phase. 

 10 

[0186] According to one embodiment, the differences in electrical 

conductivities from the phases to be separated are, for example, greater than 

10 times, greater than 9 times, greater than 8 times, greater than 7 times, 

greater than 6 times, greater than 5 times, greater than 4 times or greater 

than 3 times the measurement accuracy of the conductivity measuring 15 

device. For example, if the electrical conductivity of the upper phase is 10 

mS/cm and this results in an error for the measurement accuracy of 0.15 

mS/cm, then 10 times the measurement accuracy means 10 x 0.15 mS/cm = 

1.5 mS/cm. Therefore, the difference in electrical conductivities between light 

phase and heavy phase would be greater than 1.5 mS/cm in this case. 20 

 

[0187] Such a small difference in electrical conductivity between light and 

heavy phases can be present in polymer/polymer phase systems (ATPS). 

 

[0188] For polymer/salt systems (ATPS), the rule of thumb is that the difference 25 

in electrical conductivities between the light and heavy phase is more than 2 

mS/cm. However, such a difference is regularly present in all known polymer/salt 

ATPS systems, since the polymer phase with a low conductivity and the salt-rich 

phase with a high conductivity of the two phases are created by the high 

concentrations of polymer and salt, respectively, such that a sufficient difference 30 

in the electrical conductivities of the two phases is always obtained. 
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[0189] To determine where each phase is present in the separating device, 

the following procedure can be followed: 

 

[0190] According to one embodiment, in a continuous system, the target 

value range for the light phase can be monitored and controlled as follows: 5 

 

[0191] Continuous measurement of the electrical conductivity of the light 

phase in the separating device gives a value for electrical conductivity. Such 

value is compared with a target value range for electrical conductivity. The 

target value range is the range expected for the light phase. For example, the 10 

target value range for a light phase in an aqueous two-phase phosphate 

system is 10-25 mS/cm, as shown in Table 1. That is, the probe in the light 

phase measures electrical conductivity in the range of 10 to 25 mS/cm at the 

position where it is located. If the measurement of electrical conductivity now 

shows that this range is exceeded, i.e., the electrical conductivity is above 25 15 

mS/cm or even significantly above, this means that the probe in the light 

phase starts to measure the higher electrical conductivity of an intermediate 

phase of 40-50 mS/cm or even the heavy phase of 60-80 mS/cm. The 

intermediate phase and possibly heavy phase therefore begin to build up in 

the separating device. Therefore, in order for the probe to be back in the light 20 

phase, the heavy phase and/or intermediate phase is therefore removed from 

the separating device; i.e., the removal rate of the heavy phase is increased 

in continuous operation, for example. This continues until the phase 

boundary moves downward and thus the measured conductivity of the light 

phase is again in the target value range. Similarly, the removal rate of the 25 

light phase from the separating device can also be reduced or stopped 

altogether, wherein the upper outlet is throttled or closed, for example. 

 

[0192] According to another embodiment, in a continuous system, the target 

value range for the heavy phase can be monitored and controlled as follows: 30 
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[0193] Continuous measurement of the electrical conductivity of the heavy phase 

in the separating device gives a value for electrical conductivity. Such value is 

compared with a target value range for electrical conductivity. The target value 

range is the range to be expected for the heavy phase. For example, the target 

value range for a heavy phase in an aqueous two-phase phosphate system is 60-5 

80 mS/cm. That is, the probe in the heavy phase measures electrical conductivity 

in the range of 60 to 80 mS/cm. If the measurement of electrical conductivity now 

shows that it falls below this range, i.e., below 60 mS/cm or even significantly 

below, this means that the probe in the heavy phase starts to measure the lower 

electrical conductivity of an intermediate phase of 40-50 mS/cm or even the light 10 

phase of 10-25 mS/cm. Therefore, the light phase or intermediate phase 

approaches the position of the heavy phase probe. For example, in order for the 

phase boundary interface to increase and the probe to be back in the heavy 

phase, the removal rate of the heavy phase from the separating device can be 

reduced. Alternatively, the removal of the heavy phase can be stopped altogether. 15 

 

[[00119944]]  It is also possible to add an additional two-phase system, i.e., to 

increase the flow rate of the two-phase system fed, which again increases the 

fluid level in the separating device. This continues until the measured 

conductivity of the heavy phase is again within the target value range.  20 

  

[0195] The control and monitoring of the removal of the phases from the 

separating device can be performed by the removal quantity, the removal rate 

and/or the removal duration, and the removal of a phase can also be 

completely interrupted. The person skilled in the prior art is familiar with 25 

measures and devices for this purpose. For example, the control and 

monitoring of the removal of the phases can be performed by gravity or using 

positive or negative pressure, for example a vacuum. Positive or negative 

pressure or a vacuum may be generated in any way. One or more pumps 

may also be used. Removal devices for changing the removal quantity are, 30 

for example, valves, flow limiters, hose pinch clamps and the like, which can 

also be used to completely stop or interrupt the removal of a phase. Removal 
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devices for changing the removal rate are, for example, pumps. Measures 

and devices other than those described are also possible. 

 

[0196] In addition, an immersion tube can also be used as an additional outlet 

for one phase. This embodiment of the invention will be explained in more detail. 5 

 

[0197] By measuring the electrical conductivities of the phases, it is therefore 

possible to monitor and control both the decrease and increase of the individual 

phases and the phase boundary interfaces in the separating device. The increase 

of phases may be due to an accumulation of one or more phases or to the 10 

continuous feeding of further aqueous two-phase system to be separated. The 

decrease of the phases can be attributed to the removal of the phases. Therefore, 

in the continuous method, equilibrium is established between the fed and 

discharged phases, wherein the monitoring of electrical conductivity is used for 

this purpose. A very flexible monitoring and control system is therefore provided, 15 

which can intervene immediately in the event of phase (volume) changes in the 

separating device and also operates reliably during continuous extraction. 

 

[0198] In step f., the phases are then separated based on the measured electrical 

conductivity by removing the phases from the separating device. The phases can 20 

be separated continuously or discontinuously by removing the respective phases 

from the separating device based on the measured electrical conductivity. The 

term "removing the respective phase based on the measured electrical 

conductivity" means that the respective phase to be separated can be identified 

based on or by its measured electrical conductivity values at one or more 25 

positions in the relevant phase and can therefore be selectively removed from the 

separating device. Therefore, the removal of the phase is monitored by measuring 

electrical conductivity. Therefore, the present invention links the known height of 

the measurement position along with the conductivity information of one or more 

probes to actively control the phase boundary in the separating device. 30 
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[0199] According to one embodiment, an outlet is provided in the separating 

device and the removal of at least one of the phases from the separating device 

through the outlet according to step f. is carried out by gravity or using positive or 

negative pressure, wherein a pump may be used. This can be the case, for 

example, with a discontinuously operated system. For example, if only one batch 5 

of material is to be separated via aqueous two-phase extraction, there can be only 

one outlet, which may be provided in the lower part of the separating device. 

 

[0200] There may also be at least 2 outlets in the separating device; this may 

be the case, for example, in a continuously operated system. There may also 10 

be three or more outlets in the separating device. 

 

[0201] In a continuous method, according to one embodiment, 2 outlets may 

be provided, an upper outlet located in the upper part of the separating device 

and a lower outlet located in the lower part of the separating device. An outlet 15 

is an opening through which the fluid exits. This can be designed in any way. 

The outlet can be closed continuously or in steps, for example by a valve, a 

flow limiter or a hose pinch clamp and the like. 

 

[[00220022]]  According to a further embodiment, an upper outlet is provided in the 20 

separating device for removing the light phase from the separating device 

using gravity or positive pressure or negative pressure, wherein a pump can 

also be used to generate positive or negative pressure; and a lower outlet is 

provided in the separating device for removing the heavy phase from the 

separating evice using gravity or positive pressure or negative pressure, 25 

where a pump can also be used to generate positive or negative pressure. 

This will be explained in more detail.  

  

[0203] According to one embodiment, the removal of a phase according to step 

f. is performed in continuous operation by means of a height-adjustable 30 

immersion tube having an opening that is immersed in the phase to be 

removed, wherein 
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- the immersion tube is connected to a lower outlet in such a way that the 

phase can flow out under gravity to the outlet through the opening in the 

immersion tube; or 

- the immersion tube has an opening (192) through which the removal of 

the phase is carried out using positive pressure or negative pressure, 5 

generated with or without a pump, or a pump. 

 

[0204] According to this embodiment of the invention, an outlet can be configured 

to be a height-adjustable immersion tube, wherein an opening for removing a 

phase is provided in the immersion tube. An "immersion tube" is understood to be 10 

a tube that is inserted into the separating device from above and through an 

opening present in the immersion tube fluid of one phase can flow out or be 

withdrawn. The tube is immersed in the relevant phase in such a way that the 

phase can be removed from the separating device using the opening in the 

immersion tube. This can either be done passively, in that the phase exits by 15 

gravity, or this can be performed actively, in that pressure, in particular negative 

pressure, is applied to the immersion tube or the corresponding phase is pumped 

out by a pump connected to the immersion tube. The immersion tube is used to 

adjust the phase position(s) and position(s) of the phase boundary interface(s). 

 20 

[0205] Therefore, the immersion tube represents an outlet present in the 

separating device. Thereby, the continuous or even discontinuous removal of 

the phases in the separating device according to step f. can be carried out 

via a height-adjustable immersion tube and thus a height-adjustable opening 

in the immersion tube. 25 

 

[0206] the immersion tube can be used to remove the light phase, the heavy 

phase or the intermediate phase. The immersion tube can be used 

continuously or discontinuously. A semi-continuous mode of operation is also 

possible, wherein continuous sections alternate with discontinuous sections. 30 
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[0207] The immersion tube can be used, for example, to maintain a 

continuous method, wherein the adjusted equilibrium of fed and discharged 

phase(s) in the separating device is also maintained by use of the immersion 

tube. The immersion tube can also be used to eliminate temporary 

interferences, such as the build-up of one of the phases in the separating 5 

device, and then ensures that the built-up phase is allowed to flow out. 

 

[0208] The immersion tube is immersed in one of the two or three phases in the 

separating device, by which the opening provided in the immersion tube allows 

this phase to be removed through the opening. Flowing out can take place simply 10 

by gravity; then, the immersion tube with opening is a type of overflow valve. 

However, the phase can also be actively removed through the opening in the 

immersion tube, for example using positive or negative pressure or a vacuum. A 

pump can also be used. If the immersion tube is operating in continuous operation 

using gravity as an overflow valve, it is expedient to have a lower outlet in the 15 

separating device open when the light phase is removed through the immersion 

tube. When removing the heavy phase through the immersion tube, it is expedient 

if an upper outlet in the separating device is opened. 

 

[0209] The opening in the immersion tube can be permanently open; a 20 

closure for the opening, such as a lid or valve, could also be provided. 

 

[0210] The height adjustability of the immersion tube means that the immersion 

tube can be moved up and down in the separating device and thus be 

immersed in one of the two or three phases, such that one of the phases is 25 

selectively removed with the immersion tube. In addition, the immersion tube 

can be moved up and down during extraction to respond to changes in the 

phases so that, for example, the opening in the immersion tube does not leave 

the phase and only the desired phase is removed through the existing opening. 

 30 

[0211] "Driving up" or "moving up" the immersion tube is used 

interchangeably and means repositioning or readjusting the immersion tube 
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upward while it is in operation, so that the immersion tube remains in the 

phase from which it is to remove phase fluid, and so that phase fluid can still 

be removed. The immersion tube can also be completely driven up or moved 

up. Then, for example, its opening is located above the fluid level or its 

opening is driven up until no more fluid can flow out of it. The immersion tube 5 

can be completely driven up, for example, at the start of the extraction method 

and at the end of the extraction method. 

 

[0212] "Driving down" or "moving down" the immersion tube is used 

interchangeably and means positioning or readjusting the immersion tube 10 

downward while it is in operation, so that the immersion tube remains in the phase 

from which it is to remove phase fluid, and so that phase fluid can still be removed. 

 

[0213] The expression that "the immersion tube is repositioned or readjusted 

upward or downward" means that the immersion tube is about to leave the 15 

relevant phase due to a change in the phase boundary interface(s) in the 

separating device, such that the height or immersion depth of the immersion 

tube must be adjusted accordingly in order to remain or reenter the relevant 

phase so that it can flow out or be withdrawn. 

 20 

[0214] Thereby, the height adjustment of the immersion tube, for example with 

the aid of a stepper motor, can be controlled directly via the measured values 

of electrical conductivity. In continuous operation, the immersion tube is usually 

in constant use. If interferences occur in continuous operation, the operation 

of the immersion tube can be interrupted or the immersion tube can also be 25 

used first to allow the phase boundary interface(s) or the filling level to increase 

or decrease. In particular at the start of the extraction method (start-up) and at 

the end of the extraction method (shutdown), the immersion tube is usually not 

in operation; i.e., no fluid is removed with the opening in the immersion tube. 

 30 
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[0215] Thus, by removing one or more phases, a selective lowering of the 

phase boundary interface position and thus, of course, of the phase positions 

can be carried out. 

 

[0216] The target product can be located in the light or heavy phase. 5 

Depending on the embodiment, the immersion tube can be used to remove 

the phase with or without a target product from the separating device. 

 

[0217] The immersion tube can also be used to remove any intermediate phase 

from the separating device. If one of the phases and the intermediate phase are 10 

to be removed simultaneously, for example because the target product is in the 

other phase, two phases could also be removed from the separating device at the 

same time with the immersion tube. For this purpose, the opening of the 

immersion tube could be positioned at the phase boundary interface. 

 15 

[0218] It has been found advantageous if the immersion tube is constructed 

from an inner tube comprising an opening, and the inner tube is surrounded 

by an outer tube in the form of a cladding tube or overtube. For example, the 

overtube is fixed and cannot be moved, whereas the inner tube can be moved 

up and down. However, the overtube can also be formed to be movable. The 20 

overtube, as well as the inner tube, can be made of any material as long as it 

does not adversely affect the fluids being removed. For example, stainless 

steel, plastic or glass are possible. 

 

[0219] The overtube has an upper end and a lower end that define the length 25 

of the overtube. In general terms, the length of the overtube can be selected 

as desired. Depending on which phase is to be removed, the length of the 

overtube can be selected. In addition, an overtube extending from top to 

bottom or an overtube extending from bottom to top can be used. 

 30 

[0220] In the case of an immersion tube with an overtube extending from top to 

bottom, it is expedient if the heavy phase or, if present, the intermediate phase 
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is removed with such overtube. In this case, the upper end of the overtube is 

expediently located above the light phase, in particular above the fluid level (= 

the fluid level of the light phase) in the separating device; i.e., the overtube is 

mounted above the separating device, in particular above or on the upper wall 

of the separating device, for example the outer or inner side of the wall, and 5 

extends into the interior of the separating device. The lower end of the overtube 

extends (seen from above) into the heavy phase or, if present, into the 

intermediate phase, depending on which of the phases is to be removed. 

 

[0221] According to one embodiment, the immersion tube therefore comprises 10 

an overtube extending from top to bottom, the upper end of which is located 

above the light phase and the lower end of which is located in the heavy phase. 

 

[0222] In the case of an immersion tube with an overtube extending from 

bottom to top, it is expedient if the light phase or, if present, the intermediate 15 

phase is removed with such overtube. In this case, the lower end of the 

overtube is expediently located below the heavy phase in the separating 

device; i.e., the overtube is mounted below the separating device, in 

particular below or on the lower wall of the separating device, for example 

the outer or inner side of the bottom of the separating device, and extends 20 

into the interior of the separating device. The upper end of the overtube 

extends (as seen from below) into the light phase or, if present, into the 

intermediate phase, depending on which of the phases is to be removed. 

 

[0223] According to one embodiment, the immersion tube therefore comprises 25 

an overtube extending from bottom to top, the upper end of which is located 

below the heavy phase and the upper end of which is located in the light phase. 

 

[0224] In one embodiment, therefore, the height-adjustable immersion tube is 

formed from a height-adjustable inner tube and an overtube, wherein the 30 

overtube can extend from top to bottom or from bottom to top. The inner tube 

has an opening for the removal of the corresponding phase. The diameter of 
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the overtube is larger than the diameter of the inner tube, such that an 

intermediate space is formed between the inner tube and the overtube. 

Therefore, the inner tube is surrounded by the overtube, such that an 

intermediate space is formed between the inner tube and the overtube. 

 5 

[0225] In one embodiment, the immersion tube can be connected to the lower 

outlet such that the phase can flow out under gravity to the outlet through the 

opening in the immersion tube. If the immersion tube is now used with the 

inner tube and overtube as an overflow valve, and the inner tube extends 

from above the light phase fluid level to the bottom outlet, the overtube in the 10 

separating device is shorter than the inner tube, since the inner tube extends 

the full height of the separating device. The inner tube is then only partially 

inside the overtube and can be moved up and down there. Advantageously, 

the opening of the inner tube is moved only inside the overtube. 

 15 

[0226] If the immersion tube with inner tube and overtube is used in such a 

way that the phase is actively removed, for example by applying negative 

pressure to the inner tube, then the overtube is a suction tube and it is longer 

than the inner tube in the separating device. The inner tube is located entirely 

inside the overtube and can be moved up and down there. Advantageously, 20 

the opening of the inner tube is moved only inside the overtube. 

 

[0227] All embodiments of the immersion tube with an overtube have in 

common that, in each case, the overtube is formed so that it projects beyond 

the opening of the inner tube. The opening of the inner tube is thus located 25 

inside the overtube. The length of the overtube can be varied here depending 

on which phase is to be removed. How far the overtube projects beyond the 

opening of the inner tube depends on the individual case and can be 

determined and adjusted by the skilled person in a few tests. 

 30 

[0228] The diameter of the overtube is adjusted to be larger than the diameter 

of the inner tube, such that an intermediate space is formed between the 
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inner tube and the overtube. The phase into which the overtube extends flows 

into such intermediate space and can pass from the intermediate space to 

the opening in the inner tube, where the phase fluid can then exit. Therefore, 

the phase fluid does not reach the opening in the inner tube directly, but only 

via the intermediate space, such that the overtube provides inlet protection. 5 

 

[0229] In the case of the overtube extending from top to bottom, for example, 

into the heavy phase, the heavy phase rises in the intermediate space and 

only then reaches the opening in the inner tube. Since the overtube extends 

beyond the opening of the inner tube, this ensures that any phase present 10 

above the lower end of the overtube, here the intermediate phase and the 

light phase, cannot readily reach the opening. 

 

[0230] In the case of the overtube extending from top to bottom, for example, 

into the intermediate phase, the intermediate phase rises in the intermediate 15 

space and only then reaches the opening in the inner tube. Since the 

overtube extends beyond the opening of the inner tube, this ensures that a 

phase present above the lower end of the overtube, here the light phase, 

cannot readily reach the opening. 

 20 

[0231] In the case of the overtube extending from the bottom to the top, for 

example, into the light phase, the light phase flows by gravity into the 

intermediate space between the inner tube and the overtube and only then 

reaches the opening in the inner tube. Since the overtube extends beyond 

the opening of the inner tube, this ensures that any phase present below the 25 

upper end of the overtube, here the intermediate phase and the heavy phase, 

cannot readily reach the opening. Therefore, the overtube extends the path 

of the undesired phase(s) to the opening. 

 

[0232] In the case of the overtube extending from the bottom to the top, for 30 

example, into the intermediate phase, the intermediate phase flows by gravity 

into the intermediate space, which is filled, and only then reaches the opening 
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in the inner tube. Since the overtube extends beyond the opening of the inner 

tube, this ensures that a phase present below the upper end of the overtube, 

here the heavy phase, cannot readily reach the opening. 

 

[0233] The different variants of the overtube can each be combined with the 5 

embodiments of the inner tube, wherein a suitable design can be selected 

depending on which phase is to be removed and on where the target product 

is located. 

 

[0234] The diameter of the overtube is only important insofar as the diameter 10 

of the overtube is larger than the diameter of the inner tube. Therefore, the 

diameters of the outer tube and inner tube are selected according to the 

embodiment. The respective diameters of the inner tube and the overtube and 

thus the size of the intermediate space formed do not play a major role, since 

the phase fluid will in any case rise up in the intermediate space or flow into it 15 

when the overtube is immersed in the phase. The desired rate of phase fluid 

inflow into the intermediate space, by varying the distance between the inner 

tube and the overtube to adjust a suitable size for the intermediate space to 

each application, can be optimized, for example, by a few orienting tests. 

 20 

[0235] Therefore, the diameter of the overtube and thus the distance to the 

inner tube can be selected at will and selected by the person skilled in the 

prior art for the particular application. This amounts to for example: (for DN50) 

10 mm for the inner tube and 20 mm for the overtube or (for DN150): 35 mm 

for the inner tube and 60 mm for the overtube. 25 

 

[0236] If the overtube is not movable but rigid, it is expedient to determine 

prior to the start of removal which phase is to be removed with the immersion 

tube, since the length of the overtube determines which phase it is immersed 

in and the overtube cannot be easily replaced during operation. 30 
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[0237] If the overtube is formed to be movable, this can also be changed in 

length during removal if this becomes necessary. 

 

[0238] Therefore, the overtube overhangs the opening in the inner tube, such that 

the overtube serves as additional inlet protection, so that only the phase into which 5 

the overtube extends can flow into the intermediate space between the inner and 

overtubes, and only this phase can also exit from the opening in the inner tube. 

 

[0239] According to a further embodiment, the length of the overtube and its 

diameter are selected to prevent the entry of suspended matter, flocs and other 10 

solid or semi-solid components from the phase in which the overtube is immersed 

to the opening in the inner tube of the immersion tube. The overtube thus allows 

fluid to enter the opening of the inner tube, but shields the opening from 

suspended matter and larger components. This has the advantage that 

undesirable components, such as suspended matter, flocs and the like, are 15 

retained by the overtube and thus do not enter the opening to clog it. 

 

[0240] According to one embodiment, the immersion tube functions as an 

overflow valve both with and without an overflow tube; i.e., the phase fluid can 

flow out of the opening under gravity. In this embodiment, the immersion tube is 20 

connected to the lower outlet with or without an overtube in such a way that fluid 

can flow out through the lower outlet only through the opening in the immersion 

tube, but fluid cannot flow directly from the separating device into the lower 

outlet. The immersion tube is connected to the lower outlet in such a way that 

there is a fluid-tight connection, but the immersion tube can still be moved up 25 

and down without impairing the connection to the outlet. Such connections are 

known to the skilled person and need not be explained in detail. 

 

[0241] The immersion tube is in operation when fluid is removed or withdrawn 

from the separating device through the opening of the immersion tube. The 30 

immersion tube is not in operation if no fluid is removed or withdrawn from 

the separating device through the opening in the immersion tube. 
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[0242] Based on the mobility of the inner tube, it could also be moved out of the 

overtube; however, this would eliminate the advantages of the overtube, so this 

is avoided. Details of the overtube are explained again at Figures 2 to 4. 

 5 

[0243] According to another embodiment, the electrical conductivity values 

measured in step e. are used to control the immersion depth of the height-

adjustable immersion tube through the immersion tube. 

 

[0244] In a continuous extraction method, the continuous measurement of the 10 

electrical conductivities in the separating device, as described in step e., can 

therefore be used to control the height-adjustable immersion tube and regulate 

its height or immersion depth as a function of the position of the phase 

boundary interface and/or the phases, such that the desired phase can be 

removed through the opening present in the immersion tube. This can be 15 

performed in real time, such that the height adjustment of the immersion tube 

is performed automatically as a function of the measured values for electrical 

conductivity and thus the position of the respective phase and the position of 

the phase boundary interface(s). In addition, the discharge speed in the 

immersion tube can also be varied by the height adjustment, since the lower 20 

the opening of the immersion tube is in the respective phase, the faster the 

phase will discharge by gravity, since the hydrostatic pressure is higher. 

 

[0245] Therefore, the immersion tube can be used in the continuous method, 

where it can be used continuously. However, it can also be used only 25 

temporarily and then eliminate the interferences that occur during continuous 

operation due to the accumulating phase over a limited period of use. The 

immersion tube is then reinserted if the interference develops and this is 

repeated until the method is terminated. The immersion tube would then be 

used discontinuously. Thereby, the respective phases flow out of the upper 30 

and, if applicable, lower outlet of the separating device, for example, driven by 
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and according to the flow of the aqueous two-phase system (ATPS) into the 

separating device. The immersion tube can then serve as a fluid equalizer. 

 

[0246] For example, there can also be 2 lower outlets in the separating device: 

one is connected to the immersion tube, and the heavy phase can be 5 

recovered from the separating device via the other. 

 

[0247] In the present invention, the removal of the phases, and thus the general 

upward or downward shifting of the phase boundary interface(s) in the separating 

device, is monitored by one or more probes based on the continuously measured 10 

electrical conductivity values. Therefore, the present invention links the known 

height of the measurement position of the one or more probes and the 

conductivity information of the one or more probes to determine, actively control 

and be able to regulate the phase boundary(s) in the separating device in 

continuous operation. Thus, the phase boundary interface(s) can be readjusted 15 

upward or downward. This can be performed in a very general way by monitoring 

and controlling the aqueous two-phase system (ATPS) feeding to the separating 

device and/or the phases (that is, fluids, suspensions, precipitates and the like, in 

the form of the light, heavy and intermediate phases) discharging from the 

separating device. This can be performed, for example, by varying the feed 20 

quantity and/or feed rate of the incoming two-phase system (ATPS) (prepared 

with the starting solution) to the separating device and/or varying the removal 

quantity, removal rate and/or removal duration of light phase/heavy 

phase/intermediate phase from the separating device, and the removal of a phase 

can also be completely interrupted. This can be carried out in detail by 25 

- the removal rate for the heavy phase being increased or decreased; 

- the removal rate for the light phase being increased or decreased; 

- the removal quantity for the heavy phase being increased or decreased; 

- the removal quantity for the light phase being increased or decreased; 

- the removal duration for the heavy phase being increased or decreased; 30 

- the removal duration for the light phase being increased or decreased; 

- the removal of the light or heavy phase being interrupted; 
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- the feed quantity of the aqueous two-phase system flowing into the 

separating device, with or without the target product, being increased or 

decreased; 

- the feed rate of the aqueous two-phase system (ATPS) flowing into the 

separating device, with or without a target product, being increased or 5 

decreased and/or 

- the immersion tube being used to allow to flow out or suck away a 

phase and being repositioned upward or downward if necessary. 

 

[0248] The feed quantity and feed rate or removal quantity and removal rate 10 

are interrelated, such that, for example, the flow rate (volume per time period 

or quantity per time) can also be increased or decreased. 

 

[0249] Varying the feed quantity/feed rate of the incoming aqueous two-phase 

system without the target product represents, for example, a flushing solution 15 

that can be used, in particular at the end of the extraction, to displace the 

light phase or the heavy phase from the separating device. 

 

[0250] The individual measures described above can also be combined with 

one another. With the exception of the immersion tube described here, this is 20 

part of the knowledge of the skilled person. 

 

[0251] The separating device may employ one or more removal devices and/or 

means for regulating and/or controlling the removal quantity, the removal rate 

and/or removal duration of light phase/heavy phase/intermediate phase from 25 

the separating device based on the measured values of the electrical 

conductivity values. These are known to the person skilled in the prior art, 

except for the use of an immersion tube, and comprise for example 

- the use of gravity in connection with one or more outlets along with the 

immersion tube: for example, allowing the heavy phase to flow out at the 30 

bottom outlet of the separating device or using the immersion tube as an 

additional outlet, which then acts as an overflow valve; 
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- application of positive pressure in connection with an inlet, wherein the 

strength of the positive pressure can be controlled (driving force for the 

outflow of the phase(s) is positive pressure here): for example, feeding the 

aqueous two-phase system under pressure into the separating device; 

- application of a negative pressure in connection with one or more 5 

outlets along with the immersion tube, wherein the strength of the negative 

pressure can be controlled (driving force for the outflow of the phase(s) is here 

negative pressure): for example, at one or more outlets for drawing off the light 

and/or heavy phase; or with the immersion tube as an additional outlet, which 

then functions as a suction tube and sucks away one of the phases; 10 

- the use of one or more pumps in connection with one or more outlets 

along with the immersion tube, wherein their pumping speed can be controlled 

(driving force for the outflow of the phase(s) is here negative pressure): for 

example, for the feed of the two-phase system to the separating device and/or 

the removal at one or more outlets and/or through the immersion tube; 15 

and/or 

- the use of removal devices in connection with one or more outlets, which 

can regulate and/or control the cross-section of one or more outlets of the 

separating device, such as controllable valves, controllable flow limiters, 

controllable hose pinch clamps, controllable shut-off valves and the like (where 20 

the driving force for the outflow from the separating device can be gravity), each 

at one or more outlets of the separating device, for example for the controlled 

draining or interrupting of the removal of the phases at one or more outlets. 

 

[0252] "Regulating and/or controlling the removal quantity, removal rate and/or 25 

removal duration" of the phases is understood to mean influencing the 

variation of the quantity, duration and/or speed of the fluid exiting the at least 

one outlet or the immersion tube. It involves monitoring and correcting and/or 

regulating the quantity, speed or duration of the exiting fluid. 

 30 

[0253] In one embodiment, for example, based on the measured values of 

the electrical conductivity values, a height-adjustable immersion tube with an 
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opening can be used to remove a phase using gravity (driving force for the 

outflow of the phase(s)). Thereby, the height of the opening in the separating 

device can be varied, as already described in detail. 

 

[0254] The height of the opening of the immersion tube in the separating 5 

device can be adjusted continuously or in steps. Similarly, the removal from 

the separating device can also be stopped completely if the opening of the 

immersion tube is adjusted to be above the height of the light phase or the 

height of the phase fluid present in the intermediate space. Due to gravity 

and hydrostatic pressure, the lower the opening of the immersion tube in the 10 

separating device, the higher the removal rate from the separating device. 

 

[0255] The one or more pumps used according to the invention may regulate 

the removal rate continuously or in steps. Likewise, regulation and/or control 

of the removal rate can be performed by switching the pump on and off (on/off 15 

control). Pumps can be feed pumps for conveying fluids or vacuum pumps 

that generate a pressure difference. 

 

[0256] Negative pressure can be generated, for example, by compressing air. 

The strength of the negative pressure, which is applied to one or more outlets 20 

of the separating device, can also be adjusted continuously or in steps, or 

there is an on/off control. A vacuum can also be created with a pump. 

 

[0257] The valves, flow regulators, hose pinch clamps, shut-off valves and the like 

can also be adjusted continuously or in step, such that the removal from the 25 

separating device can be controlled continuously or in steps. However, the valves, 

flow regulators, hose pinch clamps, shut-off valves can also regulate and/or 

control the outflow from the separating device by fully opening or closing it. 

 

[0258] Such removal devices and means specified herein, including the 30 

immersion tube described above, by which the removal quantity, removal 

duration and/or removal rate of the phases from the separating device can 
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be controlled and/or regulated, can also be combined, as the skilled person 

will readily understand. 

 

[0259] For example, the heavy phase can be removed or withdrawn from the 

separating device via the immersion tube, and the removal quantity and/or 5 

removal rate of the light phase at an outlet can be regulated and/or controlled 

by a pump. 

 

[0260] More generally, the removal of phases from the separating device can 

be both continuous and discontinuous, wherein the driving force for the 10 

outflow of phase fluid from the separating device is: 

- the force of gravity; 

- one or more pumps; 

- suction. 

 15 

[0261] Furthermore, in the continuous method, the driving force for the 

outflow of the individual phases from the separating device is also the inflow 

of the aqueous two-phase system (ATPS) into the separating device. This 

has an influence on the removal rates of the light and heavy phases and, if 

applicable, the intermediate phase from the separating device. At equilibrium, 20 

the quantity of incoming aqueous two-phase system (ATPS) = the sum of the 

quantities of outgoing light, heavy and, if applicable, intermediate phase from 

the separating device. At equilibrium, this should actually also keep the phase 

boundary interface(s) constant in the center of the separating device. 

Fluctuations, interferences and the like can cause the phase boundary 25 

interface(s) to shift. In this case, a regulation is then undertaken. 

 

[0262] According to one embodiment, the removal quantity of one or both 

phases and, if applicable, the intermediate phase from the separating device 

is controlled by: 30 

- the height of the opening of an immersion tube; 

- a pump the pumping speed of which can be controlled; 
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- application of a negative pressure, wherein the strength of the 

negative pressure can be controlled; 

- one or more removal devices that can regulate and/or control the 

cross-section of one or both outlets of the separating device, such as 

adjustable valves, adjustable flow limiters, adjustable hose pinch clamps, 5 

adjustable shut-off valves and the like. 

 

[0263] In addition to the measures and devices already described for controlling 

and monitoring the removal rate or quantity, in one embodiment the extraction 

speed of the fluid, for example of the light and/or heavy phase, is regulated or 10 

controlled by the adjusted pumping speed. For certain particularly sensitive 

target products, it may be advantageous to use pumps that enable low 

mechanical stress. This has the advantage that undesirable shear forces in the 

phases are avoided, making the method suitable for such target products. 

 15 

[0264] The electrical conductivity values measured in step e. can thus be used 

to regulate and/or control the removal quantity, removal rate and/or removal 

duration of one or more phases, wherein the removal of a phase can also be 

interrupted entirely, for example by the removal devices and/or means 

described herein. In this way, the position of the phases and thus of the phase 20 

boundary interface(s) in the separating device can be selectively influenced. 

 

[0265] For the position of the conductivity probes with regard to the position 

of the opening in the height-adjustable immersion tube, the above remarks 

on the position of probe/outlet may also be relevant here: that is, the opening 25 

in the immersion tube is nothing more than an outlet in the separating device. 

 

[0266] In the embodiment without an overtube, if the immersion tube is 

immersed in the heavy phase to remove it, it can be expedient if the opening 

of the immersion tube for removing the heavy phase is located lower than the 30 

probe(s) in the heavy phase; i.e., the position where the probe measures the 

electrical conductivity is then located above the position where the opening 
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of the immersion tube is located in the separating device. This makes it 

possible to detect an excessive decrease of the light phase (upper phase) 

and/or, if necessary, the intermediate phase with the electrical conductivity 

values before it flows out via the opening of the immersion tube. 

 5 

[0267] In the embodiment without an overtube, if the immersion tube is 

immersed in the light phase to remove it, it is expedient if the opening of the 

immersion tube for removing the light phase is located higher than the 

probe(s) in the light phase; i.e., the position where the probe measures the 

electrical conductivity is located below the position where the opening of the 10 

immersion tube in the separating device is located. This makes it possible to 

detect an excessive increase of the heavy phase (lower phase) and/or, if 

necessary, the intermediate phase with the electrical conductivity values 

before it is withdrawn via the opening of the immersion tube. 

 15 

[0268] According to another embodiment, when using an immersion tube with 

an overtube extending from top to bottom, when the heavy phase is removed 

through the opening of the inner tube, the lower end of the overtube for removing 

the heavy phase can be located lower than the probe(s) in the heavy phase; i.e., 

the position at which the probe measures electrical conductivity is above the 20 

position where the lower end of the overtube is located in the separating device. 

This makes it possible to detect an excessive decrease of the light phase (upper 

phase) and/or, if necessary, the intermediate phase with the electrical 

conductivity values before they enter the intermediate space between the inner 

tube and the overtube and flow out via the opening of the immersion tube. 25 

 

[0269] According to another embodiment, when using an immersion tube with 

an overtube extending from the bottom to the top, when the light phase is 

removed through the opening of the immersion tube, the upper end of the 

overtube for removing the light phase can be located higher than the probe(s) 30 

in the light phase; i.e., the position at which the probe measures electrical 

conductivity is below the position where the upper end of the overtube is 
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located in the separating device. This makes it possible to detect an 

excessive increase of the heavy phase (lower phase) and/or, if necessary, 

the intermediate phase with the electrical conductivity values before they 

enter intermediate the space between the inner tube and the overtube and 

flow out via the opening of the immersion tube. 5 

 

[0270] Therefore, the present invention links the known height of the 

measurement position and the conductivity information of one or more probes 

to actively control the phase boundary in the separating device. In one possible 

embodiment, in the case of a horizontal separating device, such as a 10 

separator, with an immersion tube, for example in the form of a discharge tube 

or overflow valve, the phase boundary interface(s) would be readjusted 

upward or downward by automatically repositioning the immersion tube 

upward or downward to remove one of the phases. 

 15 

[0271] Therefore, the control and monitoring method described, based on the 

measured conductivity values, can be used to ensure that one phase at a 

time is selectively removed only via one outlet at a time, e.g., the light phase 

only via the upper outlet and the heavy phase only via the lower outlet of the 

separating device or via the opening of the immersion tube with or without an 20 

overtube. Furthermore, the control and monitoring method can be used to 

perform a selective raising or lowering of the phase boundary interface(s). 

This is particularly advantageous during continuous extraction, since it 

prevents individual phases from accumulating or falling away. 

 25 

[0272] In addition or as an alternative to measuring electrical conductivity, 

turbidity can also be measured and used as described for electrical conductivity. 

 

[0273] The control and monitoring method can be carried out manually, 

automatically or using software. 30 
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[0274] In addition, selectively increasing the phase boundary interface 

position(s) in the separating device may be advantageous. This can be 

performed, for example, for the complete emptying of the separating device at 

the end of a continuous extraction, since otherwise a large part of a phase 

would possibly remain in the separating device and could not be recovered. 5 

For example, in the case of particularly valuable target products, it can be 

expedient to carry out a complete residual emptying of the separating device. 

 

[0275] To enable the phase to be recovered as completely as possible and 

therefore the separating device to be emptied of residues, a flushing solution, 10 

for example composed of the heavy phase or light phase or another suitable 

solution, is added. 

 

[0276] For example, by adding an appropriate flushing solution, the proportion of 

the heavy phase in the separating device can then be increased, such that the 15 

light phase is displaced upward and can thus be removed in a simple manner 

through the outlet arranged at the top. Alternatively, the proportion of the light 

phase in the separating device can be increased by adding an appropriate 

flushing solution in such a way that the heavy phase is displaced downward and 

can thus be removed in a simple manner through the outlet located at the bottom. 20 

 

[0277] In another embodiment, the light phase can be displaced upward in 

the separating device by driving up the immersion tube that had removed 

heavy phase and therefore no further heavy phase is removed. This causes 

the heavy phase to accumulate and thus pushes the light phase upward, 25 

which can then be easily removed from the outlet. 

 

[0278] In still another embodiment, the heavy phase can be displaced 

downward in the separating device by driving up the immersion tube that had 

removed light phase and therefore no further light phase is removed. This 30 

causes the light phase to accumulate and thus pushes the heavy phase 

down, which can then be easily removed from the outlet. 
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[0279] A "selective lowering or raising" means that this can be monitored in real 

time with the continuously measured conductivity values and controlled 

accordingly from the outside by the measures already explained in detail. 

 5 

[0280] The desired phase with the target product is then obtained in step g. 

 

[0281] The method of the invention can be carried out without intermediate 

steps, such that the individual steps a. to g. follow one another in each case. 

 10 

[0282] It goes without saying that the method according to the invention can 

also be part of a large-scale industrial method. For example, the method 

according to the invention can be integrated as an automated cell harvesting 

and purification step (capture step) in the reprocessing, for example, of a 

monoclonal antibody as a target product on an industrial scale. In the first 15 

method stage, an upstream method, a cell culture is then cultivated in a 

bioreactor to produce the target product. In a second method stage, aqueous 

two-phase extraction is carried out according to the method according to the 

invention to purify and enrich the target product accordingly. In a third method 

stage, further purification steps for the target product could follow. 20 

 

[0283] It is also an object of the invention to provide a method for the 

preparation of plasmid DNA, wherein 

- a plasmid DNA is provided; 

- this is transformed in a microorganism selected from eukaryotes and 25 

prokaryotes, propagated there and then recovered by alkaline lysis; 

- the method of the present invention is carried out; 

- subsequently, the plasmid DNA obtained is further purified, modified if 

necessary, and formulated if required. 

 30 

[0284] In one embodiment, the method according to the invention can therefore 

also be used in the production of plasmid DNA on an industrial scale. Here, the 
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plasmid DNA is produced intracellularly in a microorganism, such as in a 

eukaryotic or a prokaryotic organism, for example in yeast, in particular in a 

bacterium, for example in E. coli. Thereby, the microorganism is transformed 

with the plasmid DNA to be produced and the transformed microorganism is 

cultured under conditions that result in an increase of the quantity of plasmid 5 

DNA in the culture broth. After separation of the biomass (microorganisms 

containing plasmid DNA) and its alkaline lysis with subsequent neutralization, 

the lysate is transferred to an aqueous two-phase system (ATPS). A light and a 

heavy phase are formed and an intermediate phase containing precipitate of cell 

components, proteins, genomic DNA, RNA precipitated potassium dodecyl 10 

sulfate (and other impurities). Aqueous two-phase extraction (ATPE) according 

to the present invention purifies the plasmid DNA and enriches it in the heavy 

phase. The alkaline lysis and the immediately following aqueous two-phase 

extraction (ATPE) can be performed continuously and automatically. Additional 

steps in the reprocessing of the heavy phase following aqueous two-phase 15 

extraction (ATPE) comprise, for example, diafiltration, concentration by 

ultrafiltration, precipitation by ammonium sulfate or other salts, and/or two or 

more chromatography steps [3], for example, anion exchange chromatiography 

and hydrophobic interaction chromatography. In further steps, the plasmid DNA 

can be concentrated to a specific concentration and ultradiafiltrated against a 20 

formulation buffer. After that, the plasmid DNA can be further formulated. 

 

[0285] According to the invention, it is therefore possible to also carry out an 

automated phase separation, wherein a reliable detection of the two aqueous 

phases, without or with an intermediate phase, is carried out by continuous 25 

measurement(s) of the electrical conductivity at suitable position(s) in the 

separating device. Reliable detection of the phase boundary interface level, as 

achieved according to the invention, is necessary to provide a robust automation 

method. By automating the phase separation, based on the continuously 

measured conductivity values, a reliably operating system can thus be created. 30 
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[0286] The method according to the invention is also suitable for an industrial 

scale. Large-scale production with separating device volumes of more than 

1 m³ is possible. 

 

[0287] According to a further embodiment, the different turbidity of the 5 

different phases can be measured instead of or in addition to electrical 

conductivity. For example, electrical conductivity and/or turbidity can be 

continuously measured in at least one of the phases in the separating device. 

 

[0288] The invention is then directed to a method for purifying and enriching 10 

a target product selected from 

- immunoglobulins or other proteins; or 

- plasmid DNA, genomic DNA, RNA or other nucleic acids; or 

- viruses, 

comprising the following steps: 15 

a. Providing a starting solution containing the target product; 

b. Converting the starting solution into an aqueous two-phase system by 

adding at least one polymer and at least one salt in a suitable concentration, 

or by adding at least two polymers in a suitable concentration; 

c. Mixing the aqueous two-phase system while maintaining a mass transfer, 20 

such that the target product is enriched in the light phase or in the heavy phase; 

d. Allowing the phases to segregate in a separating device into a light phase, 

a heavy phase and, if an intermediate phase is present; 

e. Continuously measuring electrical conductivity and/or turbidity in at 

least one of the phases in the separating device to determine the position of 25 

the two phases and the phase boundary interface, or in the presence of an 

intermediate phase, the position of the intermediate phase and the two phase 

boundary interfaces; 

f. Removing each of the light phase, the heavy phase and, in the 

presence of an intermediate phase, the intermediate phase from the 30 

separating device based on the continuously measured conductivity and/or 

turbidity of at least one of the phases in step e.; and 
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g. Extracting the phase with the target product. 

 

[0289] Turbidity can be measured with one or more turbidity measuring 

devices extending into the separating device in the form of one, two, three or 

more turbidity probes. 5 

 

[0290] By way of example, the continuous measurement of turbidity in at least 

one of the phases in the separating device can be carried out with one or more 

turbidity measuring devices in the form of one, two, three or more probes, in 

particular, for continuous measurement of turbidity of the heavy phase at least 10 

one probe and for continuous measurement of turbidity of the light phase, at 

least one probe is used at a suitable position in the separating device. 

 

[0291] Turbidity is measured optically and can be carried out with transmitted 

light measurement or scattered light measurement. According to the 15 

invention, a transmitted light measurement is preferably performed. 

 

[0292] Turbidity is measured in FAU units (formazine attenuation units). 

However, other units for turbidity have become known (NTU, FTU) that could 

be used. As a rule of thumb, the difference in the measured turbidity values 20 

should preferably be approximately 100 FAU between the different phases, 

in order to distinguish the different phases from one another. In individual 

cases, however, lower values are also possible. 

 

[0293] In the present disclosure, all embodiments are also to apply to the 25 

alternative or additional measurement of turbidity. In other words, the term 

"electrical conductivity" or comparable terms in the overall disclosure can each be 

replaced by or supplemented with the term "turbidity." "Alternatively or 

additionally" means that electrical conductivity and/or turbidity are measured. 

 30 

[0294] According to the invention, only electrical conductivity or only turbidity can 

be measured in a separating device. However, it is also possible that a 
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combination of measurement of electrical conductivity and measurement of 

turbidity is used in a separating device according to the invention. 

 

[0295] In the following, the invention will be explained and illustrated in detail with 

reference to the accompanying drawings, without limiting the invention herein. 5 

Reference is made in detail herein to various embodiments of the disclosure, 

which are illustrated in the accompanying drawings. Wherever possible, the same 

or similar reference marks and symbols are used throughout the drawings to refer 

to the same or similar parts. The various elements shown in the drawing are 

representative only and not necessarily drawn to scale. The drawings are 10 

intended to illustrate only exemplary embodiments of the disclosure of the 

invention, and a person skilled in the prior art will readily recognize where the 

drawings have been simplified to illustrate key aspects of the disclosure. 

 

[0296] Figure 1 is a schematic side view in section of an exemplary embodiment 15 

of a separating device 10 according to the invention, showing the course of an 

extraction of a batch (batch extraction) at 3 points in time of the separation with a 

probe 60 for measuring the electrical conductivity of the phases, plotted against 

time. In the example shown, the separating device 10 is a stirrer tank. This can 

have any suitable shape and size and be constructed of a suitable material. For 20 

example, a single-use bag vessel can also be used. The separating device 10 

comprises an agitator, in this case an agitator shaft with a propeller agitator 15, 

which is driven by a motor 25. Other stirring devices are possible or can also be 

omitted depending on the application. The preparation and mixing of the aqueous 

two-phase system (ATPS) can be performed in this separating device 10 or 25 

outside the separating device 10, and the obtained aqueous two-phase system 

(ATPS) can then be transferred to the separating device 10. An outlet 50 is located 

at the bottom of the separating device 10. A probe 60 is mounted in the outlet 50 

to measure the electrical conductivity of the fluid flowing past. In the graph below 

the 3 separating devices, the electrical conductivity in [mS/cm] of the respective 30 

phases measured continuously by probe 60 is plotted against time in [s]. 
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[0297] The separating device 10 in the left image of Figure 1 is already filled 

with all 3 phases. Accordingly, a starting solution has already been provided 

(step a.); this has been converted into an aqueous two-phase system in the 

separating device 10 by adding at least one polymer and at least one salt, or 

at least two polymers, in each case in suitable concentration (step b.) and 5 

has been mixed accordingly with the aid of the agitator 15 (step c.). In the 

example case shown, the target product is a protein that is enriched in, and 

in particular is substantially present in, the light phase. The phases obtained 

after the subsequent segregation of the phases (step d.) are illustrated in the 

left image of Figure 1. The top phase 20 is the light phase containing the 10 

protein; the intermediate phase 30 and the bottom heavy phase 40 contain 

undesired components in the form of impurities and the like. 

 

[0298] The three images shown in Figure 1 illustrate the course of aqueous two-

phase extraction of an exemplary protein (steps e., f. and g.) in an exemplary 15 

aqueous two-phase system for discontinuous or batch extraction in three steps: 

 

[0299] The left image shows all three phases 20, 30, 40 in the separating device 

10 after the phases have been segregated, wherein the heavy phase 40 is 

discharged from the outlet 50. The graph below the 3 separating devices 10 20 

shows the electrical conductivity values measured by the probe 60 over the 

course of the extraction. For the separating device 10 in the left image, the graph 

indicates a high electrical conductivity for the heavy phase 40 measured with the 

probe 60, which remains constant for virtually the entire time that the heavy phase 

40 is being drained from the separating device. Therefore, the heavy phase 40 25 

can be unambiguously assigned by its electrical conductivity and thus 

distinguished from the other phases 30, 20 and thus precisely separated. 

 

[0300] In the middle image of Figure 1, the heavy phase 40 has already been 

separated and the intermediate phase 30 is now being drained from the outlet 30 

50. The bottom graph now shows an average electrical conductivity for 

intermediate phase 30. Even when the intermediate phase 30 is drained from 
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the separating device 10, the electrical conductivity measured with the probe 

60 is nearly constant over time. The intermediate phase 30 shows different 

electrical conductivities than the light phase 20 or the heavy phase 40, such 

that an exact separation of the phases 20, 30, 40 from one another can be 

made based on the continuously measured conductivity. 5 

 

[0301] In the right image of Figure 1, the intermediate phase 30 has already 

been separated and the light phase 20 now remains in the separating device 

10, which contains the target protein. Draining the light phase 20 from the 

outlet 50 indicates a low electrical conductivity for the light phase 20 measured 10 

with the probe 60 in the lower graph on the right, which remains nearly constant 

throughout the discharge of the light phase 20 from the outlet 50. Thus, the 

target protein in light phase 20 without the impurities is obtained. 

 

[0302] Therefore, the separate draining of the phases can be controlled based 15 

on the measurement of the electrical conductivity: In this example case, with 

the target product in the light phase 20, the heavy phase 40 and the 

intermediate phase 30 are drained first and discarded if necessary. For 

example, as soon as conductivity falls below a certain threshold (target value 

range) after the intermediate phase 30 is drained, a valve provided below or 20 

downstream of the probe 60 (not shown) is automatically closed immediately. 

A line to a collection vessel or the like for the light phase 20 can be connected 

to the lower outlet 50 downstream or downstream of the valve, the valve can 

be opened again and the light phase 20 can be recovered in this way. 

Alternatively, a valve can be used to switch the flow from the separating device 25 

10 from one line through which the heavy phase 40 and intermediate phase 

30 are diverted to another line leading to a collection vessel or the like for the 

light phase 20. This line can also carry the light phase 20 directly to further 

processing, which can then be continuous, in batches or discontinuous. 

 30 

[0303] Therefore, for discontinuous extraction or extraction in batches in a 

separating device 10 according to Figure 1, phase detection with only a single 
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probe 60 is possible, wherein phase separation can be carried out during 

emptying of the separating device 10, based on the continuously measured 

electrical conductivity. 

 

[0304] Figure 2 shows a schematic side view in section of an exemplary 5 

embodiment of a separating device 100 according to the invention, which 

represents a continuous extraction with two probes (160.1, 160.2) for 

measuring the electrical conductivity of the phases. 

 

[0305] A starting solution has already been provided (step a.). In the example 10 

case shown, the starting solution is a cell culture. This has already been 

converted into an aqueous two-phase system by adding at least one polymer 

and at least one salt, or by adding at least two polymers, each in a suitable 

concentration (step b.) and mixed accordingly (step c.). The target product to 

be purified and enriched can be a protein, a nucleic acid or a virus. In the 15 

example case shown, the target product is a protein that is mostly in the light 

phase. However, it is also possible to purify and enrich a protein or nucleic acid 

that, for example, is enriched in the heavy phase after mixing and segregating 

of the phases, and in particular is substantially present in the heavy phase. 

 20 

[0306] In the exemplary embodiment of the invention shown, the mixed 

aqueous two-phase system containing the target protein is transferred to the 

separating device 100. In the separating device, the phases are then 

segregated (step d.). The result is an upper light phase 120 in which the 

target product has been enriched, in particular is substantially present 25 

therein, for example in the form of a protein, an intermediate phase 130 and 

a lower heavy phase 140, in which the undesirable components have been 

enriched, in particular substantially have them. 

 

[0307] The separating device 100 can be of any shape and size to carry out 30 

the phase separation. In the embodiment shown in Figure 2, the separating 
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device 100 is a type of side-lying separator that has three outlets 150.1, 

150.2, and 150.3. Other shapes for the separating device 100 are possible. 

 

[0308] Two probes 160.1 and 160.2 are provided in the separating device 100 

to measure electrical conductivity of one phase at a time. The probe 160.1 is 5 

immersed in the heavy phase 140 and therefore measures the electrical 

conductivity of the heavy phase 140 in such position. The probe 160.2 is 

immersed in light phase 120 and therefore measures the electrical 

conductivity of the light phase 120 in such position. The probes 160.1 and 

160.2 are respectively located in insertion openings 157.1 and 157.2, which 10 

are axially arranged in the wall 155 of the separating device 100, such that 

an axial arrangement results. The insertion openings 157.1 and 157.2, and 

thus also the probes 160.1 and 160.2 present therein, are arranged in the 

wall 155 of the separating device 100 such that they lie on a straight 

connecting line. In Figure 2, the straight connecting line extends into the wall 15 

155 of the separating device 100. Other embodiments are also possible. 

 

[0309] The electrical conductivities measured with the probes 160.1 and 160.2 

are shown schematically in a graph 200 above Figure 2. Thus, the probe 160.1 

continuously measures the electrical conductivity of the heavy phase 140, 20 

which is indicated in the curve 140a. The probe 160.2 continuously measures 

the electrical conductivity of the light phase 120, indicated by curve 120a. 

 

[0310] The curves 120a and 140a in graph 200 show nearly constant values 

for electrical conductivity in the course of time; i.e., the two probes 160.1 and 25 

160.2 are each in the phases that can be unambiguously assigned by their 

electrical conductivities. 

 

[0311] In addition to the measured electrical conductivities in the left diagram 

of graph 200, the right diagram shows the measured turbidity of the phases 30 

plotted against time. Turbidity is measured in formazine attenuation units 

(FAUs) with a turbidity sensor. The curve 140b shows high turbidity of the 
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heavy phase 140, since the heavy phase 140 is from a cell culture and 

therefore contains components that cause the high turbidity. The light phase 

120b has low turbidity. Therefore, due to the high turbidity, phase separation 

is practically impossible with the measuring devices described in the prior art. 

 5 

[0312] The separating device 100 is designed for a continuous mode of operation. 

Therefore, the solution 110 (= the aqueous two-phase system (ATPS)) to be 

separated can be fed in a constant flow (continuously) and the phases 120, 130 

and 140 separated from one another can each be discharged continuously. The 

upper outlet 150.2 is used to remove the light phase 120; the lower outlet 150.1 10 

or 150.3 is used to remove the heavy phase 140 and also the intermediate phase 

130. The target product here is located in the light phase 120. 

 

[0313] According to this exemplary embodiment of the invention, the immersion 

tube 180 is provided as an additional outlet. In the exemplary embodiment shown, 15 

it is constructed of an outer tube in the form of a cladding tube or overtube 183 

and an inner tube 181. An opening 182 is located in the inner tube 181. 

 

[0314] The overtube 183 has an upper end above the separating device 100, 

and its lower end 183a extends into the phase to be removed, here the heavy 20 

phase 140. For example, in the embodiment shown, the overtube 183 is, for 

example, not movable, but the inner tube 181 is. However, the overtube 183 

could also be designed to be movable. 

 

[0315] In the illustrated embodiment of Figure 2, the diameter of the overtube 25 

183 is shown to be larger than the diameter of the inner tube 181, such that 

the overtube 183 surrounds the inner tube 181 and only in an upper section 

of the inner tube 181. The opening 182 is located in this upper section of the 

inner tube 181, such that the overtube extends beyond the opening 182. 

Thus, the overtube 183 surrounds the height-adjustable inner tube 181 only 30 

in an upper section, wherein the length of the overtube 183 is selected such 

that the overtube 183 projects beyond the opening 182 of the inner tube 181. 
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[0316] This shields the opening 182 of the inner tube 181 from direct fluid 

access, here the heavy phase 140, from the separating device 100. The inner 

tube 181 is surrounded by the overtube 183 only in the upper section, where 

the opening 182 is located, but not in the lower section of the inner tube 181, 5 

such that the inner tube 181 is partially exposed in the heavy phase 140. 

 

[0317] The overtube 183 and the inner tube 181 form an intermediate space 

into which the fluid of the phase in which the lower end 183a of the overtube 

183 is immersed rises (not shown) and can then exit through the opening 182 10 

in the inner tube 181. Thereby, the upward and downward movement of the 

opening 182 in the inner tube 181 can be illustrated as follows: The opening 

182 can be positioned by moving it up and down to allow phase fluid rising in 

the intermediate space to flow out. If the opening 182 is positioned higher, the 

phase fluid can no longer flow out through the opening 182 and the immersion 15 

tube 180 is out of function. In addition, the position of the opening 182 

determines how fast the phase fluid flows out due to the hydrostatic pressure. 

 

[0318] Therefore, the phase fluid (here: heavy phase 140) must initially flow 

into the intermediate space between the inner tube 181 and then the overtube 20 

183 before it can reach the opening 182 in the inner tube 181 (solid arrows 

in Figure 2 pointing to the opening 182) and then flow out through it (dotted 

arrow in the inner tube 181 in Figure 2). 

 

[0319] The presence of an overtube 183, the end 183a of which is located in 25 

the phase 140 to be removed, is advantageous. The opening 182 in the inner 

tube 181 is shielded and protected by the overtube 183. The phase 140 to be 

removed rises into the intermediate space between the inner tube 181 and 

the overtube 183 and only then reaches the opening 182. Direct access of 

the fluid to the opening 182 is thus prevented. The overtube 183 thus 30 

increases the certainty that only the desired phase 140 can actually flow out. 
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[0320] By way of example, the length of the overtube 183 and its diameter, i.e., in 

particular the size of the intermediate space between the inner tube 181 and the 

overtube 183, can also be selected in such a way that the entry of suspended 

matter, flocs and other solid and semi-solid components to the opening 182 can 

be prevented so that no clogging of the opening 182 or the inner tube 181 occurs. 5 

 

[0321] The skilled person can easily select and adjust the dimensions of the 

overtube 183 accordingly. 

 

[0322] Other versions of the immersion tube 180 are also possible. 10 

 

[0323] The inner tube 181 of the immersion tube 180 is connected to the outlet 

150.1 in a fluid-tight manner, wherein, however, the inner tube 181 remains 

movable. The immersion tube 180 is thus still height-adjustable. The height 

adjustability or change in height is shown by the arrow 189 in Figure 2 and is 15 

achieved by the motor 125, for example a stepper motor, which undertakes the 

height adjustment of the immersion tube 180 in the separating device 100. In 

the example case shown, height adjustability refers only to the inner tube 181, 

more specifically the opening 182 in the inner tube 181, which can be raised 

and lowered as required. The heavy phase 140 enters the intermediate space 20 

between the overtube 183 and the inner tube 181 and rises up in the overtube 

181 to the opening 182 in the inner tube 181, where the fluid can then flow out 

of the separating device 100 into the outlet 150.1. The arrows at the opening 

182 symbolize the flow of the heavy phase 140 into such intermediate space 

to the opening 182, and the dotted arrow in the inner tube 181 symbolizes the 25 

flowing out of such heavy phase 140 down through the inner tube 181 and out 

to the outlet 150.1. Therefore, the inner tube 181 is directly connected to the 

outlet 150.1. Other embodiments are also possible. 

 

[0324] In the embodiment shown, the flowing out of the heavy phase 140 30 

takes place with the aid of gravity alone. 
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[0325] In the illustrated embodiment, the end 183a of the overtube 183 is 

located within the heavy phase 140, such that only the heavy phase 140 can 

enter the intermediate space and flow out from the opening 182. 

 

[0326] In Figure 2, the probe 160.2 for the light phase 120 is positioned lower 5 

in the separating device 100 than the upper outlet 150.2. This is expedient 

so that the electrical conductivity is measured first and it is confirmed that 

only the light phase 120 is present and only then the light phase 120 exits the 

upper outlet 150.2. 

 10 

[0327] In Figure 2, the probe 160.1 for the heavy phase 140 is positioned lower 

than the lower end 183a of the overtube 183. However, it can also be 

advantageous for the probe 160.1 to be higher in the heavy phase 140 than the 

lower end 183a of the overtube 183. This can be used to detect excessive 

decrease of the light phase 120 and/or the intermediate phase 130 with the 15 

electrical conductivity values before they rise up into the intermediate space 

between the inner tube 181 and the overtube 183 and flow out through the 

opening 182 of the immersion tube 180. 

 

[0328] In the described continuous extraction method according to Figure 2, 20 

the continuous measurement of the electrical conductivities of the phases 

120 and 140 according to step e. of the method according to the invention 

serves to control the height-adjustable immersion tube 180 and to regulate 

its height or immersion depth and, if necessary, also the duration of the 

removal as a function of the position of the phases or their phase boundary 25 

interfaces in such a way that the heavy phase 140 can flow out through the 

opening 182 present in the immersion tube 180. A controller 135 is used to 

automatically control the height adjustment of the immersion tube 180 as a 

function of the measured electrical conductivity values. 

 30 

[0329] The regulation of the height-adjustable immersion tube 180 functions as 

follows: The respective probes 160.1 and 160.2 are each assigned target value 
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ranges for the electrical conductivities of the phases resulting from the aqueous 

two-phase system used. As shown in Table 1 above, for example, an aqueous 

two-phase phosphate system has electrical conductivities in the range of 10-25 

mS/cm for the light phase, and 10-25 mS/cm for the intermediate phase: 40-50 

mS/cm and for the heavy phase: 60-80 mS/cm. Such target value ranges are 5 

used to determine and control where each phase is located in the separating 

device 100 with respect to the end 183a of the overtube 183. 

 

[0330] The inner tube 181 of the immersion tube 183 is connected to the lower 

outlet 150.1 in the separating device 100, in order to allow the heavy phase 10 

140 to flow out. In continuous operation, in Figure 2, the heavy phase 140 can 

now be continuously removed with the immersion tube 180. Since the end 

183a of the overtube 183 is located in the heavy phase 140, the heavy phase 

140 rises into the intermediate space between the inner tube 181 and the 

overtube 183. In the embodiment shown in Figure 2, therefore, there is always 15 

only the heavy phase 140 in the intermediate space between the inner tube 

181 and the overtube 183 in continuous operation. As a result, the heavy phase 

140 continuously flows out through the opening 182 of the inner tube 181 in 

continuous operation and exits the separating device 100 through the outlet 

150.1. At the same time, the aqueous two-phase system (ATPS) 110 20 

continuously flows into the separating device 100 and the light phase 120 

continuously flows out of the separating device 100 via the upper outlet 150.2. 

 

[0331] Ideally, there is an equilibrium between the quantity of fluid flowing in 

(aqueous two-phase system) and the quantity of fluid flowing out (the heavy 25 

phase 140 flows out via the immersion tube 180 and the light phase flows out 

via the outlet 150.2). The system runs continuously. 

 

[0332] During continuous operation, if the phase boundary 

interface(s)/intermediate phase 130 shifts up or down, which is a regular 30 

occurrence, the inner tube 181 of the immersion tube 180, and thus the 
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opening 182, can be adjusted, thereby controlling the removal rate of the 

heavy phase 140 from the separating device 100: 

 

[0333] If the phase boundary interface(s)/intermediate phase 130 decreases, 

the value for the electrical conductivity of the probe 160.1 of the heavy phase 5 

140 decreases. The opening 182 of the inner tube 181 is moved upward. A 

lower hydrostatic pressure is then present and the removal rate of the heavy 

phase 140 decreases. 

 

[0334] Alternatively, the removal of the heavy phase 140 with the immersion 10 

tube 180 could be stopped altogether, for example by placing the opening 182 

above the fluid level in the separating device 100. Then, the heavy phase 140 

would accumulate again and the phase boundary interface(s)/intermediate 

phase 130 would increase again. Then, the opening 182 of the inner tube 181 

could be returned to its original position if the value of electrical conductivity at 15 

the probe 160.1 for the heavy phase 140 is back within the target value range 

and indicates the expected conductivity value for the heavy phase 140. 

 

[0335] If the probe 160.2 for the light phase 120 detects an increased value 

for electrical conductivity, the opening 182 of the inner tube 181 can be shifted 20 

downward. This results in a higher hydrostatic pressure. The removal rate of 

the heavy phase 140 increases. As a result, the phase boundary 

interface(n)/intermediate phase 130 decreases again. Thereafter, the 

opening 182 can be set back to its original position. 

 25 

[0336] Therefore, in order to maintain equilibrium, there is a constant up and 

down movement of the immersion tube 180 (more precisely, the inner tube 181) 

during continuous operation, which corresponds to a typical zigzag movement. 

The immersion tube 180 is used continuously. Advantageously, the opening 182 

of the inner tube 181 is moved up and down only within the overtube 183, in 30 

order to take advantage of the inlet protection of the overtube 183. 
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[0337] In an alternative embodiment, the immersion tube 180 can be used 

discontinuously. For example, in continuous operation, equilibrium can be 

established by the light phase 120 continuously flowing out of the upper outlet 

150.2 and the heavy phase 140 out of the outlet 150.3. 

 5 

[0338] If an interference of the equilibrium occurs here now, the immersion 

tube 180 can be used to compensate for the interferences. Thereby, the 

immersion tube 180 can be present with or without an overtube 183. 

 

[0339] In this example case, a phase is not continuously removed through the 10 

immersion tube 180, but only in the event of an interference. The immersion 

tube 180 is again connected to the outlet 150.1 at the bottom of the 

separating device 100. 

 

[0340] If the phase boundary interface(s)/intermediate phase 130 increases, 15 

the immersion tube 180 is moved from the initial position, for example, above 

the fluid level of the light phase 120 or above the fluid level in the intermediate 

space, for example, into the heavy phase 140, such that, in addition to the 

discharge from the opening 182 in the immersion tube 180, can also be 

discharged from the outlet 150.3. Thus, the overall outflow volume and speed 20 

of the heavy phase 140 from the separating device 100 increases and the 

phase boundary interface(s)/intermediate phase 130 decreases again. Then, 

the opening 182 of the immersion tube 180 can be moved back up to the 

initial position, for example, above the level of the light phase 120 or simply 

above the fluid level in the intermediate space. 25 

 

[0341] In order for the phase boundary interface(n)/intermediate phase 130 to 

decrease, the immersion tube 180 can also be moved upward only in the heavy 

phase 140 and then the less heavy phase 130 flows out and the phase 

boundary interface(n)/intermediate phase 130 increases again. 30 
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[0342] If an overtube 183 is used for the immersion tube 180, the overtube 

183 may or may not be variable in length. If the length of the overtube 183 is 

not variable during operation, it is expedient to select the corresponding 

length of the overtube 183 before starting the extraction. Depending on the 

desired embodiment, the overtube 183 can then be selected in the 5 

appropriate size and dimensioned to extend into the relevant phase. If a 

variable length overtube 183 is used, its length can be suitably changed 

during operation. The skilled person can readily implement this. 

 

[0343] The overtube 183 prevents in particular the entry of the undesired 10 

phase(s) (here: the intermediate phase 130 and/or the light phase 120), 

provided that the phase boundary interface(s) do not decrease too far. 

 

[0344] Therefore, the immersion tube 180 is used during continuous 

operation of the separating device 100 either in a continuous or discontinuous 15 

manner to restore the equilibrium between the fed and discharged phases. 

 

[0345] In the example case shown in Figure 2, the height-adjustable 

immersion tube 180 with an overtube 183 extending from top to bottom 

therefore serves as an outlet for the heavy phase 140. 20 

 

[0346] The target product, here a protein, is obtained in the light phase 120 

removed through the outlet 150.2 in the embodiment shown of Figure 2 (step 

g. of the method). 

 25 

[0347] In an alternative embodiment to Figure 2, instead of extending from 

top to bottom, the overtube 183 could extend from bottom to top (not shown) 

and then extend into the light phase 120, wherein all other components in 

Figure 2 are able to be taken over identically. 

 30 

[0348] In this embodiment, the immersion tube would serve as an outlet for the 

light phase 120. Thereby, the light phase 120 initially flows into the intermediate 
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space between the inner tube 181 and the overtube, and the intermediate phase 

fills from bottom to top only with light phase 120 until it arrives at the opening 

182 in the inner tube 181, where it can then flow out into the outlet 150.1. 

 

[0349] In this embodiment (not shown), it would be expedient for the probe 5 

160.2 in the light phase 120 to be positioned lower than the upper end of the 

overtube extending from bottom to top. This would allow the electrical 

conductivity values to detect an excessive increase of the heavy phase 140 

(lower phase) and/or, if applicable, the intermediate phase 130, before they 

could flow into the intermediate space between the inner tube 181 and the 10 

overtube and reach the opening 182 of the immersion tube. 

 

[0350] An overtube extending from the bottom to the top (not shown) would 

prevent the entry of undesired phase (here: intermediate phase and/or heavy 

phase), provided the phase boundary interface(s) do not increase too far. 15 

 

[0351] Therefore, the above remarks on Figure 2 apply analogously to this 

embodiment with the overtube extending from bottom to top. 

 

[0352] Figure 3 shows a schematic side view in section of a further exemplary 20 

embodiment of a separating device 100 according to the invention, representing 

a continuous extraction with two probes (160.1, 160.2) for measuring the 

electrical conductivity of the phases at a point in time different from Figure 2. 

 

[0353] Figure 3 illustrates how, by selectively increasing or raising the phase 25 

boundary interface position in the separating device 100, a majority of the 

light phase 120 that would otherwise remain in the separating device 100 can 

be recovered. To enable the light phase 120 to be recovered as completely 

as possible, the remaining light phase 120 is displaced upward by flushing 

with a flushing solution 115, for example by a proportion of the aqueous two-30 

phase system used. 
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[0354] The selective increasing or raising of the fluid level in the separating device 

100 is achieved, for example, by adding more heavy phase 140 to the separating 

device 100, such that the light phase 120 is forced upward and can thus be easily 

removed through the outlet 150.2. The displacement of the light phase 120 can 

also be achieved in a continuous extraction by driving up the immersion tube 180, 5 

thereby removing any heavy phase 140 and allowing it to accumulate in the 

separating device 100, thereby displacing the light phase 120 upward. 

 

[0355] Analogous to the above procedures, heavy phase 140 could also be 

displaced downward. 10 

 

[0356] The shifting of the phase boundary interface, if no intermediate phase is 

present or - as in the example case shown - if an intermediate phase is present, 

the shifting of the entire intermediate phase 130 and the heavy phase 140 upward 

in the separating device 100, is again monitored based on the continuously 15 

measured values for the electrical conductivity by the 2 probes 160.1 and 160.2. 

 

[0357] Alternatively, it can also be expedient to selectively shift downward the 

phase boundary interface between the upper and lower phases, or even any 

intermediate phase that may be present (and thus also the two phases). This 20 

can be achieved, for example, as already explained, by the selective draining 

or removal of the corresponding phase(s). 

 

[0358] In Figure 3, insertion openings 157.1 and 157.2 are provided in the 

wall 155 of the separating device 100, wherein the probe 160.1 is present in 25 

the insertion opening 157.1 and the probe 160.2 is present in the insertion 

opening 157.2. Thereby, the insertion openings 157.1 and 157.2 and thus 

also the probes 160.1 and 160.2 are arranged axially in the wall 155 of the 

separating device; i.e., the insertion openings 157.1 and 157.2 are arranged 

in the wall 155 of the separating device 100 in such a way that they lie on a 30 

straight connecting line. In Figure 3, the straight connecting line extends into 

the wall 155 of the separating device 100. 
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[0359] The measured electrical conductivities are shown schematically in 

graph 202 above Figure 3. One can see from this the course of the 

continuous extraction, wherein the curve for the electrical conductivity of the 

light phase 120c initially remains constant until the probe 160.2 encounters 5 

the intermediate phase 130, shown with the curve 130c. The probe 160.1 

detects the electrical conductivity of the heavy phase 140, which remains 

constant, with the curve 140c. The curve 140d and 120d again show the 

turbidity of the heavy phase 140 and the light phase 120. 

 10 

[0360] Figure 4 shows a schematic side view in section of an exemplary 

embodiment of a separating device 100 according to the invention, which 

represents a continuous extraction with two probes (160.1 160.2) for 

measuring the electrical conductivity of the phases. 

 15 

[0361] In the further exemplary embodiment of the invention shown in Figure 

4, the immersion tube 190 is shown in a different variant than in Figures 2 

and 3. In this embodiment, the immersion tube 190 has an opening 192 at 

the end of the inner tube 191 and an overtube 193. Unlike in Figures 2 and 

3, the immersion tube 190 is not connected to the lower outlet 150.1. 20 

 

[0362] The overtube 193 has advantages because, in the example case shown, 

it allows only the heavy phase 140 to enter the opening 192. According to one 

embodiment, the overtube 193 can extend as far downward as possible, nearly 

to the bottom of the separating device 100, to prevent the light phase 120 and/or 25 

the intermediate phase 130 from entering the the intermediate space between the 

overtube 193 and the inner tube 191, even if the phase boundary interface(s) 

briefly decrease. The end 193a of the overtube 193 is located in the heavy phase 

140. The position of the opening 192 then only plays a role for the removal rate. 

 30 

[0363] The arrows in Figure 4 symbolize how the heavy phase 140 first flows 

into the intermediate space between the inner tube 191 and the overtube 193 
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and is then sucked into the opening 192. The dotted arrow in the inner tube 

191 of the immersion tube 190 indicates the direction of flow of the fluid in 

the inner tube 191, leading to an upper outlet (not shown). 

 

[0364] In continuous operation, for example, the light phase 120 discharges 5 

at the upper outlet 150.2 and the heavy phase 140 is withdrawn through the 

immersion tube 190, for example, by a pump (not shown) or application of 

negative pressure. For equilibrium, the pump or vacuum is adjusted so that 

the sum of the outflow volume of the light phase 120 and the heavy phase 

140 and, if necessary, the intermediate phase 130 is adjusted to be equal to 10 

the volume of the incoming two-phase system (ATPS) 110. 

 

[0365] If fluctuations now occur and the phase boundary 

interface(n)/intermediate phase 130 drops, for example, then the pumping 

speed can be slightly reduced and the less heavy phase 140 is withdrawn 15 

until the phase boundary interface(n)/intermediate phase 130 rises, which 

can be determined by a value for the electrical conductivity of the probe 160.1 

of the heavy phase 140 (= lower probe in Figure 4), which is then again in 

the target value range. Then, for example, the original pumping 

speed/vacuum is again applied to the immersion tube 190. 20 

 

[0366] If the phase boundary interface(s)/intermediate phase 130 increases, the 

pumping speed or vacuum can be increased and more heavy phase 140 is 

withdrawn. It decreases the phase boundary interface(s)/intermediate phase 130 

again until the probe 160.2 for the light phase 120 indicates the electrical 25 

conductivity in the target value range again. The pumping speed or the vacuum 

at the immersion tube 190 can then be adjusted back to initial speed, for example. 

 

[0367] The arrows in Figure 4 symbolize how the heavy phase 140 first flows into 

the intermediate space and then is drawn out to the opening 192. The dotted 30 

arrow in the inner tube 191 of the immersion tube 190 indicates the direction of 

flow of the fluid in the inner tube 191, leading to an upper outlet (not shown). 
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[0368] The immersion tube 190 operates continuously in this case. 

 

[0369] According to an alternative embodiment, the immersion tube 190 can 

also be used discontinuously to temporarily withdraw the light phase 120, 5 

intermediate phase 130 or heavy phase 140, depending on the state of the 

phase boundary interface(s). This does not require the presence of an 

overtube 193 in the immersion tube 190; however, this is possible. 

 

[0370] For example, the light phase 120 flows out of the upper outlet 150.2 10 

and the heavy phase 140 flows out of the separating device 100 continuously 

via the lower outlet 150.1. The continuous inflow of the aqueous two-phase 

system (ATPS) 110 into the separating device 100 can also play a role in the 

outflow behavior at the outlets 150.1 and 150.2. The opening 192 of the 

immersion tube 190 is then not immersed in any of the phases, for example. 15 

 

[0371] If the phase boundary interface(s)/intermediate phase 130 increases (the 

conductivity probe 160.2 for the light phase 120 indicates a higher electrical 

conductivity), the opening 192 of the immersion tube 190 into the heavy phase 

140 is adjusted (the immersion tube 190 is lowered) and the heavy phase 140 20 

can be additionally pumped out/sucked away (for example, using a pump that 

generates a vacuum) until the value measured by the conductivity probe 160.2 in 

the light phase 120 is back within the target value range. The immersion tube 190 

can then be returned to the initial position and the pump can be switched off. 

 25 

[0372] If the phase boundary interface(s)/intermediate phase 130 drops (the 

conductivity probe 160.1 for the heavy phase 140 indicates a lower electrical 

conductivity than for the heavy phase 140), the immersion tube 190 can be 

moved into the light phase 120 (the immersion tube is driven up and 

repositioned) and the light phase 120 is pumped out (for example, sucked away 30 

with negative pressure generated by a pump) until the value measured by the 

conductivity probe 160.1 in the heavy phase 140 is again in the target value 
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range. The immersion tube 190 can then return to its initial position and the 

pump can be switched off. Alternatively, the immersion tube 190 does not always 

have to return to the initial position after the interference has been eliminated. It 

is also sufficient here if the pump is switched off / the vacuum is removed. 

 5 

[0373] Therefore, in the embodiment shown in Figure 4, an overtube 193 that 

extends from the top to the bottom is used. In an embodiment analogous to 

Figure 4, the overtube could also extend from the bottom to the top, wherein 

the immersion tube could serve as an outlet for the light phase 120. Figure 4 

would then be identical except for the overtube. 10 

 

[0374] An overtube extending from the bottom to the top is advantageous, since 

only the light phase 120 would flow into the intermediate space between the 

inner tube 191 and the overtube, making it difficult for the intermediate phase 

130 or the heavy phase 140 to enter the opening 192 in the inner tube 191. 15 

 

[0375] According to this further embodiment (not shown), if the overtube were 

to extend from the bottom to the top and extend into the light phase 120 in 

order to remove the light phase 120 with the opening 192 in the inner tube 

191, it would be expedient if the probe 160.2 were positioned lower in the 20 

light phase 120 than the upper end of the overtube. This would allow the 

electrical conductivity values to detect an excessive increase of the heavy 

phase 140 (lower phase) and/or, if applicable, the intermediate phase, before 

they could flow into the intermediate space between the inner tube 191 and 

the overtube and reach the opening 192 of the immersion tube. 25 

 

[0376] An overtube extending from the bottom to the top (not shown) would 

therefore prevent the entry of the undesired phase (here: the intermediate 

phase 130 and/or the heavy phase 140), provided the phase boundary 

interface(s) do not increase too far. 30 
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[0377] Therefore, the above remarks on Figure 4 apply analogously to this 

embodiment with the overtube extending from bottom to top. 

 

[0378] Figure 5 shows a cross-section of an exemplary embodiment of a 

separating device 100 according to the invention with 4 insertion openings 5 

158.1, 158.2, 158.3, 158.4, to each of which 4 probes 162.1, 162.2, 162.3, 162.4 

are assigned, in a radial arrangement (left) and a side view thereof (right); 

 

[0379] In the embodiment shown in Figure 5, 4 probes 162.1, 162.2, 162.3 and 

162.4 are shown in 4 insertion openings 158.1, 158.2, 158.3, 158.4 to be used 10 

in the separating device 100. On the left side of Figure 5, a side view in section 

of a separating device 100 with a light phase 120, an intermediate phase 130 

and a heavy phase 140 is shown, wherein the 4 insertion openings 158.1, 158.2, 

158.3, 158.4, in each of which one of the probes 162.1, 162.2, 162.3 and 162.4 

is located, are arranged in a radial arrangement in the outer wall 155 of the 15 

separating device 100. The probe 162.1 is provided for measuring the electrical 

conductivity of the heavy phase 140, the probe 162.2 for the intermediate phase 

130, and the probes 162.3 and 162.4 are for the light phase. As can be seen 

from Figure 5, the 4 insertion openings 158.1, 158.2, 158.3, 158.4, are arranged 

on an arc, which in the example shown corresponds to the shape of the outer 20 

wall 155 or the circumference of the separating device 100. 

 

[0380] The right side of Figure 5 shows a side view of the 4 insertion openings 

158.1, 158.2, 158.3, 158.4 with the 4 probes 162.1, 162.2, 162.3 and 162.4 of the 

separating device 100. This arrangement is advantageous in terms of the more 25 

accurate determination and more reliable detection of the position of the individual 

phases based on the measured conductivity values and therefore enables the 

faster and more robust detection, control and monitoring of the method. 

 

[0381] Figure 6 also shows a cross-section of an exemplary embodiment of a 30 

separating device 100 according to the invention with the 4 probes 163.1, 

163.2, 163.3 and 163.4 in 4 insertion openings 159.1, 159.2, 159.3, 159.4. 
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However, the 4 insertion openings 159.1, 159.2, 159.3, 159.4 are shown in a 

radial arrangement with horizontal distribution (left) and a side view thereof 

(right). A radially offset arrangement of each of the insertion openings 159.1, 

159.2, 159.3, 159.4 also leads to more reliable detection of the individual 

phases and thus faster and more robust method control and monitoring. 5 

 

[0382] In Figures 1 to 6, the one or more probes shown for measuring 

electrical conductivity may also be replaced by probes for measuring turbidity. 

 

[0383] According to one embodiment, only probes for measuring electrical 10 

conductivity can be used in the separating device. According to a further 

embodiment, only probes for measuring turbidity can also be used in the 

separating device. According to another embodiment of the invention, a 

combination of probes for measuring electrical conductivity and probes for 

measuring turbidity can also be provided in the separating device. 15 

 

[0384] In the following, the method of the invention is further illustrated by 

examples without limiting the invention herein. 

 

Exemplary embodiments 20 

 

[0385] The method of the invention is explained in detail in the examples with 

reference to various embodiments. 

 

Preliminary remarks 25 

 

[0386] In the examples, a separator is filled with an aqueous two-phase 

system as the separating device, and the electrical conductivities or 

turbidities of the phases at the positions of the probes are recorded over time 

in each case. The tests are carried out with a separator filling volume of 920 30 

ml and 470 ml. Aqueous two-phase phosphate, two-phase citrate and two-

phase ammonium systems from the starting materials of polymer/salt/water 
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are investigated. A polymer-rich light phase and a salt-rich heavy phase are 

formed. The phase-forming components or separate phases are preset in 

containers from which corresponding pumps deliver the components. 

 

[0387] Before the fluids are added to the separator, the fluids pass through a 5 

mass flow meter and reach a static mixer. After passing the mixer, the fluid 

mixture runs into the separator, where the specific phases settle. The light phase 

can be removed at the top of an outlet. When an immersion tube is used, for 

example, it can remove the heavy phase through an opening in the form of an 

overflow valve. Two conductivity probes protrude into the separator to monitor 10 

the respective phase levels. Electrical conductivities are acquired and recorded 

with the aid a device manager for measured value detection and control. In the 

tests where cell culture was used as the starting material to be separated, a 

turbidity probe was also used, which was placed within the feed stream. 

 15 

[0388] If an immersion tube is used in the examples, such immersion tube is 

used with an overtube. 

 

Continuous extraction tests 

 20 

[0389] The method according to the invention was carried out with three 

different scales: two different laboratory scales with a DN35 separator and a 

DN50 separator and a pilot scale with a DN150 separator. "DN" is the nominal 

size and indicates the inner diameter of a tube and thus defines the size in 

device construction. Therefore, DN35 and DN50 represent laboratory scale 25 

and DN150 (80L scale) is already pilot scale, i.e., a larger scale that enables 

the production of larger product quantities. 

 

[0390] Geometrically similar separators are used for each of the three scales 

investigated. Unless explicitly stated otherwise, static mixing elements 30 

(Kenics model) are used for phase mixing. For the different scales, 

correspondingly geometrically similar mixing sections are used, but adapted 
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to the throughputs. The monitoring of the flows is carried out by means of 

mass flow meters. The measurement of electrical conductivity at suitable 

height positions is carried out by using two conductivity measuring probes. 

The main components and specifications of the test setup for carrying out the 

continuous extraction tests in the test facilities are listed in Table 2 below. 5 

 

Table 2: 

 

Number Designation Comment 

1 Gear pump (Ismatec) - Replaced by peristaltic 
pump in 80L scale 

2 Mass flow meter (Bronckhorst) - Version M14, laboratory 
scale 

3 Mass flow meter 
(Endress+Hauser) 

- 80L scale 

4 Mixing section laboratory (own 
production) 

- Kenics-Helices 

5 Mixing section Pilot (own 
production) 

- Kenics-Helices 

6 Separator (DN35) - Smallest scale, no probe 
connection 

7 Separator (DN50) - Typical laboratory scale, 
with probe connection 

8 Separator (DN150) - Pilot scale, with probe 
connection and automatic 
filling level control 

9 Conductivity probe (Hamilton) - Part of the detection 
system 

10 Turbidity probe (Exxner) - Transmission, 
alpha=880nm 

11 Labbox (Hitec Zang) - For measured value 
detection and control 

 

[0391] All process variables to be regulated and/or measured are detected 10 

and, if necessary, controlled by the device manager (Labbox). The 

implementation of the graphical user interface and the operation are performed 

by the software Labvision (HiTec Zang GmbH, Herzogenrath, Germany). 

 

Laboratory scale DN35 and DN50 15 
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[0392] For this purpose, in Examples 5.1 to 5.3, the phase-forming 

components and a cell culture are initially conveyed into a static mixing 

section. Due to the mixing and the simultaneous presence of both aqueous 

phases, a mass transfer of target product and minor components takes place. 5 

Similarly, continuous mixing results in dispersion of bioparticles in one of the 

phases, creating an intermediate phase that binds bioparticles between its 

two phase boundary interfaces but no longer contains the target product. 

 

[0393] After passing through the mixing section, the separator immediately 10 

follows, which is constructed as shown in Figure 2. The entering mixture 

separates there along the flow direction into a light and a heavy phase. At the 

same time, a characteristic intermediate phase, which is a dispersion of the 

heavy phase stabilized by the bioparticles, is formed. By means of selective 

height adjustment of the immersion tube, which has an opening and therefore 15 

acts like an overflow valve, the heavy phase along with the intermediate 

phase is continuously removed from the separator. The light phase flows out 

of the upper outlet for the light phase from a critical filling level. All phases 

are collected in vessels. 

 20 

[0394] Only for the sake of completeness, it is pointed out again that the 

"driven up" state of the immersion tube means that readjustment of the height 

of the immersion tube, namely upward, takes place. In the event that the 

immersion tube is fully driven up, the opening is, for example, above the fluid 

level in the separating device or the opening is driven up to such an extent 25 

that no more fluid can flow out of it. The immersion tube is then out of function. 

This is explained in detail in each of the examples. 

 

[0395] The "driven down" state of the immersion tube means that a 

readjustment of the height of the immersion tube, namely downward, takes 30 

place. The immersion tube is in function during both driving up and driving 

down, unless otherwise specified. 
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[0396] The figures do not always show all the methods involved in driving up 

and driving down the immersion tube, as this would be too confusing and can 

be seen from the explanations. 

 5 

DN150 pilot scale 

 

[0397] The test setup at the pilot scale, as described in Example 5.4, 

corresponds fundamentally to the information given above for the laboratory 

scale. The pilot-scale test setup differs from the laboratory-scale setup in 10 

terms of the pumps, mass flow meters, static mixing sections and size of the 

actual separator listed in Table 2. 

 

Susceptibility of the method to interference 

 15 

[0398] Tests are also carried out on the susceptibility of the method to 

interference (see Example 4). The interference tests are carried out to 

determine to what extent the detection of the phase boundary interface(s) 

with the aid of the conductivity probes is suitable to draw conclusions about 

the adjusted system. For this purpose, varying systems were investigated 20 

upon start-up and in continuous operation after start-up with an aqueous two-

phase phosphate system in the separators. In the tests, start-up is the period 

of time during which the phases settle in the separator and before and during 

which the phases segregate and are removed from the separator. 

 25 

[0399] In Example 4.1, where the event of interference occurs in continuous 

operation, the separator was first filled and then continuous operation was 

adjusted with the aid of an immersion tube. Then, there was a switch to an 

interference system and the change in electrical conductivity was recorded. 

 30 

[0400] In the start-up interference tests of Examples 4.2, 4.3, and 4.4, the 

interference system was placed in the separator from the beginning and 
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continuous operation was stopped. Once this was reached, the system was 

switched to the correct system composition and the electrical conductivities 

were recorded. 

 

[0401] Here, an interference system is a system that is either single-phase 5 

instead of two-phase, or has a composition that deviates from the usual 

composition by using a component of the aqueous two-phase system with 

10% more or 10% less. 

 

[0402] In the interference tests, the cell culture is replaced by deionized water. 10 

 

[0403] The abbreviations used in the examples are summarized below: 

 

List of abbreviations used 

 15 

Abbreviation Meaning 
ATPE (Aqueous two-phase extraction) 
ATPS (Aqueous two-phase system) 

COG Cost of goods 
DK Dielectric constant 
DN Nominal diameter (diameter nominal) 
DNA Deoxyribonucleic acid 
EMA European Medicines Agency 
FDA Food and Drug Administration 

HCP Host cell protein 
I International Council for Harmonization of Technical 

Requirements for Pharmaceuticals for Human Use 
LF Conductivity 
LP Light phase 
PEG Polyethylene glycol 
SP Heavy phase 
VE Demineralized water 

WCP Wet cell paste 
 

[0404] Example 1: 
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Illustration of the start of a continuous extraction in a separator in an aqueous 

two-phase phosphate system 

 

[0405] Example 1 describes the start of a continuous extraction in a separator 

using an aqueous two-phase phosphate system. The start of extraction is 5 

also referred to as start-up; i.e., the phases settle but are not yet removed. 

 

[0406] The aqueous two-phase phosphate system is constructed as follows: 

 

Table 1: Mass fractions of aqueous two-phase phosphate system 10 

 

Material Proportion [wt.%] 
Water 44.5 

Buffer (40 wt.% phosphate, pH 6.0) 40.0 

PEG400 solution 15.5 
 

[0407] In this test, the finished and prepared specific phases of the two-phase 

phosphate system are conveyed into the separator. Thereby, a total mass 

flow rate of 100 g/min was set, wherein the light phase is conveyed at 60 15 

g/min and the heavy phase at 40 g/min in order to match the phase ratio of 

the system used. Therefore, the separately present phases were added 

together so that the two-phase system could be accurately characterized. 

Therefore, the test serves to illustrate the measurement of electrical 

conductivity. In addition, a preliminary test can be designed in this way in 20 

order to determine the expected electrical conductivities in advance. 

 

[0408] With the aid of the conductivity probes, the electrical conductivities are 

recorded over time. The first probe (e.g., probe 160.1 in Figure 2) is for 

measuring the electrical conductivity of the heavy phase and the second 25 

probe (e.g., probe 160.2 in Figure 2) is for measuring the electrical 

conductivity of the light phase. To make the conductivity courses as 

comparable as possible, they are plotted so that the first probe detects the 

light phase at t = 0. This makes it easier to compare the courses in different 
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tests. The separator used here has a volume of 920 ml. The start-up behavior 

is recorded until light phase drips from the upper drain for the first time. 

 

[0409] Figure 7a shows the electrical conductivity measured values of the first 

probe during start-up, wherein the first probe (e.g., probe 160.1 in Figure 2) is to 5 

detect the heavy phase. Figure 7a shows an envelope curve comprising the upper 

and lower limits of the mean values with the respective standard deviations. The 

mean values and standard deviations represent at least duplicates. 

 

[0410] In the curve of Figure 7a, the start-up of the method is plotted against 10 

time using the measured electrical conductivity at the first probe and divided 

into sections I, II and III. In section I from approximately 0 to 200 s, the light 

phase is initially detected by the first probe at the start of the start-up. As the 

fluid of the two-phase system flowing into the separator increases, the probe 

then is increasingly immersed in the heavy phase in section II in the curve at 15 

approximately 200 to approximately 400 s; i.e., the electrical conductivity 

values increase steadily. In section III of the curve, only the heavy phase is 

then detected by the first probe. 

 

[0411] Figure 7b shows the electrical conductivity measured values from the 20 

second probe (e.g., probe 160.2 in Figure 2) during start-up plotted against 

time in [s], wherein the second probe detects the light phase. Figure 7b again 

shows an envelope curve comprising the upper and lower limits of the mean 

values with the respective standard deviations. The mean values and 

standard deviations represent at least duplicates. The curve in Figure 7b 25 

shows the electrical conductivity of the second probe in the course of time. 

As soon as the upper light phase reaches the probe, a nearly constant 

electrical conductivity is measured, which shows that the light phase is nearly 

constant at the location of the probe measurement. 

 30 

Example 2: 
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Course of a continuous extraction in a separator in an aqueous two-phase 

phosphate system 

 

[0412] Example 2 describes a course of a continuous extraction in a separator 

using an aqueous two-phase phosphate system and explains the measured 5 

electrical conductivities of two probes, as shown for example in Figure 2. 

Figure 8 shows the measured values of the two probes in two curves K1 and 

K2. The first probe (e.g., probe 160.1 in Figure 2) measures the electrical 

conductivity [mS/cm] of the heavy phase against time [s], shown in curve K1. 

The second probe (e.g., probe 160.2 in Figure 2) measures the electrical 10 

conductivity [mS/cm] of the light phase against time [s], shown in curve K2. 

 

[0413] The composition of the aqueous two-phase phosphate system is as 

described in Example 1. 

 15 

[0414] As can be seen from Figure 8, the method is divided into three sections, 

start-up from 0 to approximately 980 s, continuous operation from approximately 

980 s to approximately 4580 s and shutdown from approximately 4580 s. 

 

[0415] Continuous operation is shown only for an exemplary time period and 20 

is of course also possible for considerably longer periods; for example, 

continuous operation can be carried out for several hours or even longer. 

 

[0416] In Figure 8, the target conductivity range for the heavy phase (indicated as 

"target conductivity" in Figure 8), at the top of Figure 8, and the target conductivity 25 

range for the light phase (indicated as "target conductivity" in Figure 8), at the 

bottom of Figure 8, are each indicated as a range with dashed upper and lower 

limits. The corresponding phase is present in the target value ranges for the 

respective electrical conductivities. Leaving the target value ranges means that 

the probe no longer enters the corresponding phase. Therefore, if the conductivity 30 

target value range is left, readjustment is required. This is performed by the 
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immersion tube 180 shown in Figure 2 with an opening 182 and with an overtube 

183. In Example 2, the immersion tube is used to remove heavy phase. 

 

[0417] After the appropriate mass flows are set, the feed line is connected to 

the separator and the start-up of the method begins (0 to approximately 980 5 

s). After 4 minutes, the first conductivity probe detects light phase for the first 

time (in curve K1, the first increase of electrical conductivity), which reaches 

the second probe after approximately 6 minutes (in curve K2, the first 

increase of electrical conductivity). At 7.5 minutes, the conductivity measured 

value of the first probe begins to rise to the maximum of approximately 62 10 

mS/cm at 15 minutes (curve K1). After 9 minutes, light phase is drained for 

the first time at the top of the outlet. After 13.5 minutes, the immersion tube 

is used for the first time and is lowered to withdraw the accumulating heavy 

phase. In Example 2, the immersion tube therefore acts as a type of overflow 

valve that is used to selectively drain the heavy phase. 15 

 

[0418] In Figure 8, the downward movement of the immersion tube is represented 

by an asterisk, and the upward movement of the immersion tube is symbolized 

by an asterisk in a circle. More precisely, the opening of the inner tube is moved 

up and down here. The driving down and up of the immersion tube is indicated in 20 

both curves K1 and K2 at the same time in each case, since this can affect both 

curves to a different extent. Therefore, the immersion tube is not moved differently 

in the two curves K1 and K2, but an up or down movement of the immersion tube 

is indicated simultaneously in both curves K1 and K2. 

 25 

[0419] The immersion tube was driven up after 18 minutes in order to 

determine the change in conductivity in both curves K1 and K2. That is, the 

immersion tube is driven up until it can no longer extract any fluid. It was 

found that the conductivity measured value of the second probe (curve K2) 

increases significantly, while the first probe (curve K1) hardly measures any 30 

change. This confirms that the first probe in continuous operation hangs 

directly in the heavy phase and reflects the conductivity of it. 
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Example 3: 

 

Course of a continuous extraction in a separator in an aqueous two-phase 

citrate system 5 

 

[0420] Example 3 describes a course of continuous extraction in a separator in 

an aqueous two-phase citrate system and shows the measured electrical 

conductivities of two probes in Figure 9a and Figure 9b. 

 10 

[0421] The aqueous two-phase citrate system is constructed as follows: 

 

Table 2: Mass fractions of aqueous two-phase citrate system 

 

Material Proportion [wt.%] 
Water 28.06 

Buffer (35 wt.% citrate, pH 6.0) 50.67 
PEG400 solution 21.27 

 15 

[0422] In Figure 9a, the electrical conductivities in [mS/cm] of the heavy 

phase are plotted against the time [s] measured by the first probe (e.g., probe 

160.1 in Figure 2). In Figure 9b, the electrical conductivities in [mS/cm] of the 

light phase are plotted against the time [s] measured by the second probe 

(e.g., probe 160.2 in Figure 2). 20 

 

[0423] Figure 9a shows the electrical conductivity measured values of the first 

probe, measured in the heavy phase, during start-up and also during continuous 

operation thereafter. Figure 9a again shows an envelope curve comprising the 

upper and lower limits of the mean values with the respective standard deviations. 25 

The mean values and standard deviations represent at least duplicates. 

 

[0424] The measurement curve in Figure 9a, which shows the course of the 

recorded conductivity measured values of the first probe intended to detect the 
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heavy phase, can again be divided into sections I, II and III. In section I from 

approximately 0 to approximately 110 s, the first probe initially detects the light 

phase. As the volume of the two-phase system filled in the separator increases, 

the probe then is increasingly immersed in the heavy phase in section II in the 

curve between approximately 110s and approximately 300s; i.e., the values for 5 

electrical conductivity increase steadily. In section III of the curve starting at 

approximately 300 s, the heavy phase is then detected by the first probe. 

 

[0425] Therefore, as soon as the fluid level reaches the probe in Figure 9a, the 

electrical conductivity value suddenly increases to 8 mS/cm. At such point in 10 

time, the electrical conductivity of the light phase is detected for the first time 

(section I in Figure 9a). In the further course, the value increases first more 

weakly and then almost linearly to just below 35 mS/cm and then up to 45 

mS/cm. At such point in time, pure heavy phase is detected for the first time 

(section II in Figure 9a). Such value for electrical conductivity remains almost 15 

constant over the further duration of the test, since the first probe always 

detects the heavy phase and this does not decrease during the tests (section 

III in Fig. 9a). To ensure that the heavy phase does not increase or decrease 

too far, an immersion tube used with an opening is inserted and readjusted as 

necessary as a function of the electrical conductivities recorded. 20 

 

[0426] If the target product is located in the light phase, it is expedient if at the 

end of continuous operation, during the so-called shutdown, the immersion 

tube is driven up again (the immersion tube stops removing heavy phase), so 

that heavy phase is enriched and thereby displaces as much light phase and 25 

thus product from the separator as possible. This is also shown, for example, 

in Figure 8 at approximately 4580 s, where the immersion tube is driven up. 

Such procedure of increasing the yield of the light phase by displacing the light 

phase with the additional heavy phase is described in detail in Figure 3 above. 

 30 

[0427] The driving up and driving down of the immersion tube can be seen 

particularly clearly in Figure 9b. Figure 9b shows the course of the electrical 
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conductivity measured values of the second probe (e.g., probe 160.2 in 

Figure 2), which is to detect the light phase, during start-up and subsequent 

continuous operation, plotted against time in [s]. Figure 9b again shows an 

envelope curve comprising the upper and lower limits of the mean values with 

the respective standard deviations. The mean values and standard 5 

deviations represent at least duplicates. 

 

[0428] Thus, the curve in Figure 9b shows the measured electrical conductivity 

values of the second probe in the course of time. As soon as the second 

conductivity probe is immersed in the fluid, the conductivity measured value 10 

jumps to approximately 8 mS/cm. At first the measured value increases slowly; 

as soon as a conductivity of 10 mS/cm is reached, the measured value increases 

almost linearly to a maximum value. The significant increase can be explained by 

the fact that as soon as light phase exited at the upper outlet, the immersion tube 

was not driven down directly. This causes the heavy phase to accumulate, which 15 

the second probe indicates by increasing the conductivity measured value. 

 

[0429] At such point in time, i.e., at approximately 300 s, the immersion tube 

is then driven down (indicated by the asterisk in the curve). At such point in 

time, the electrical conductivity has risen to slightly above 20 mS/cm and has 20 

therefore left the target value range for electrical conductivity values of the 

light phase of aqueous two-phase citrate systems in the range of 5-15 

mS/cm. In other words, the heavy phase is approaching the second probe. 

 

[0430] Therefore, the immersion tube is driven down (asterisk in the curve in 25 

Figure 9b) and from such point in time on, the heavy phase flows out through 

the immersion tube, causing the heavy phase in the separator to decrease. At 

the same time, the light phase also decreases, such that the second probe is 

again in pure light phase. This is shown in Figure 9b by the decrease of 

electrical conductivity values to approximately 10 mS/cm. Once the upper light 30 

phase reaches the second probe again, a nearly constant electrical 

conductivity is measured, which shows that the light phase is nearly constant 
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at the location of the probe measurement. Therefore, at a measured value of 

approximately 10 mS/cm, the second probe here detects pure, light phase. 

 

[0431] The immersion tube in the embodiment with an overtube, the opening of 

which is in the inner tube, can be operated like an overflow valve, as described 5 

for example in Figures 2 and 3. Thereby, the fluid is allowed to flow out by gravity. 

Alternatively, the immersion tube with its opening can also suck away the heavy 

phase, as explained in Figure 4. This does not change the actual procedure. 

 

[0432] After holding steady state at approximately 10 mS/cm for a relatively 10 

short time, as shown in Figure 9b, in orderly to solely illustrate continuous 

operation, the shutdown begins. Of course, continuous operation could be 

maintained much longer, for example, several hours or even longer. However, 

this would not change the available information and its significance. 

 15 

[0433] For shutdown, the immersion tube is driven up after approximately 1000 s 

(indicated by the asterisk in the circle in Figure 9b). This means that the immersion 

tube is no longer in operation, such that the heavy phase accumulates again. This 

causes the conductivity measured value to rise again until it reaches the value of 

the heavy phase. This also shows the large differences in the electrical 20 

conductivities of the heavy phase (citrate system, heavy phase: 30-50 mS/cm, 

see Table 1) compared to the light phase (citrate system, light phase: 5-15 mS/cm, 

see Table 1). As soon as the second measuring probe indicates the conductivity 

measured value of the heavy phase, the test is terminated, since a further 

increase of the heavy phase can no longer be detected. 25 

 

Example 4: 

 

Investigation of the susceptibility of the method to interference 

 30 

[0434] The investigation of the susceptibility of the method to failures is 

intended to determine how reliably the method works and to what extent 
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conclusions can be drawn from the phase detection about the system 

adjusted in the separator in continuous operation. 

 

Example 4.1: 

 5 

[0435] In Example 4.1, a single-phase system is added to the separator 

instead of a two-phase system. Such a single-phase system is also called an 

interference system. 

 

[0436] An aqueous two-phase phosphate system is used as the initial system. 10 

The interference system is produced by introducing 50% less phosphate 

buffer. This makes the interference system single-phase. Figure 10 shows 

the conductivity measured values from Example 4.1. Curve K1 gives the 

electrical conductivity values of the first probe, which measures the heavy 

phase. Curve K2 gives the electrical conductivity values of the second probe, 15 

which measures the light phase. 

 

[0437] Initially, start-up with a two-phase phosphate system is carried out in the 

usual manner, as described in Examples 1 and 2. After the start-up with the 

phosphate system is completed, the interference system is introduced into the 20 

separator at (S1.1). As soon as the single-phase interference system is conveyed 

into the separator, the conductivity of the probe for the heavy phase (curve K1) 

drops. The drop in conductivity to a value of 60 mS/cm can be explained by the 

adjusting of the immersion tube (not shown), which here again acts as an overflow 

valve. The immersion tube was subsequently not adjusted in this test and was 25 

held at a constant setting used in normal two-phase phosphate system. The 

conductivity value then drops almost linearly to 40 mS/cm and then decreases at 

a slower rate to 25 mS/cm. Re-introducing the interference system at (S1.2) into 

the separator no longer leads to major changes. The conductivity of the second 

probe, shown in curve K2, slowly increases from 20 mS/cm to 30 mS/cm. 30 

 

Example 4.2: 
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[0438] In Example 4.2, the water content of each of the heavy and light phases is 

varied. An aqueous two-phase phosphate system is used in continuous operation. 

 

[0439] The recorded values for conductivities are plotted against time in [s] in 5 

Figure 11. The electrical conductivities of the heavy phase are measured with 

the first probe and the light phase with the second probe. Two tests were 

carried out: In the first test with a two-phase phosphate system containing a 

water content of -10 wt.% compared to a two-phase phosphate system 

containing the correct water quantity, and in the second test with a two-phase 10 

phosphate system containing a water content of +10 wt.% compared to a 

two-phase phosphate system containing the correct water quantity. Table 3 

below shows the quantities used. 

 

Table 3: Aqueous two-phase phosphate system with varying initial 15 

water weight 

 

Material -10% water 
[wt.%] 

+10% water 
[wt.%] 

Two-phase phosphate 
system with correct 

water quantity [wt.%] 
Water 41.9 46.9 44.5 

Buffer (40 wt.% 
phosphate, pH 6.0) 

41.9 38.3 40.0 

PEG400 solution 16.2 14.8 15.5 
 

[0440] Both tests are shown in Figure 11. The labeling of Figure 11 is as follows: 

Curve 2.1......heavy phase with -10 wt.% water; 20 

Curve 2.2......heavy phase with +10 wt.% water; 

Curve 2.3...... light phase with -10 wt.% water; 

Curve 2.4...... light phase with +10 wt.% water. 

 

[0441] The arrow in Figure 11 indicates air bubbles in the system that cause 25 

measurement errors. 
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[0442] The phrase "heavy phase with -10 wt.% water" means that the electrical 

conductivity for the heavy phase is shown in the curve in Figure 11, wherein 

the two-phase phosphate system used has a water content 10 wt.% lower than 

a conventional two-phase phosphate system with the correct water content. 

 5 

[0443] The phrase "heavy phase with +10 wt.% water" means that the electrical 

conductivity for the heavy phase is shown in the curve in Figure 11, wherein the 

two-phase phosphate system used has a water content 10 wt.% higher than a 

conventional two-phase phosphate system with the correct water content. 

 10 

Example 4.3: 

 

[0444] In Example 4.3, the polymer content of the polyethylene glycol (PEG) 

of heavy and light phases is varied, respectively. An aqueous two-phase 

phosphate system is used. Work is carried out in continuous operation. 15 

 

[0445] The recorded values for conductivities are plotted against time in [s] in 

Figure 12. The electrical conductivities of the heavy phase are measured with 

the first probe and the light phase with the second probe. Two tests were 

carried out: In the first test with a two-phase phosphate system containing a 20 

polymer content of -10 wt.% compared to a two-phase phosphate system 

containing the correct polymer quantity, and in the second test with a two-

phase phosphate system containing a polymer content of +10 wt.% compared 

to a two-phase phosphate system containing the correct polymer quantity. 

 25 

[0446] Table 4 below shows the quantities used. 

 

Table 4: Aqueous two-phase phosphate system with varying initial 

polymer weight 

 30 
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Material -10% PEG 
[wt.%] 

+10% PEG 
[wt.%] 

Two-phase phosphate 
system with correct 

polymer quantity [wt.%] 
Water 45.0 43.8 44.5 

Buffer (40 wt.% 
phosphate, pH 6.0) 

40.9 39.4 40.0 

PEG400 solution 14.1 16.8 15.5 
 

[0447] Both tests are shown in Figure 12. The labeling of Figure 12 is as follows: 

Curve 3.1......heavy phase with + 10 wt.% PEG; 

Curve 3.2......heavy phase with - 10 wt.% PEG; 

Curve 3.3......light phase with + 10 wt.% PEG; 5 

Curve 3.4......light phase with - 10 wt.% PEG; 

 

Example 4.4: 

 

[0448] In Example 4.4, the buffer salt is varied in the form of the phosphate 10 

salt of an aqueous two-phase phosphate system in each of the heavy and 

light phases. Work is carried out in continuous operation. 

 

[0449] The recorded values for conductivities are plotted against time in [s] in 

Figure 13. The electrical conductivities of the heavy phase are measured with 15 

the first probe and the light phase with the second probe. Two tests were 

carried out: In the first test with a two-phase phosphate system containing a 

buffer salt content of -10 wt.% compared to a two-phase phosphate system 

with correct buffer salt quantity, and in the second test with a two-phase 

phosphate system containing a buffer salt content of +10 wt.% compared to 20 

a two-phase phosphate system with correct buffer quantity. 

 

[0450] In Example 4.4., the separator is filled directly with the interference 

composition. Table 5 below shows the quantities used. 

 25 

Table 5: Aqueous two-phase phosphate system with varying initial 

buffer salt weight 
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Material -10% 
buffer 
[wt.%] 

+10% 
buffer 
[wt.%] 

Two-phase phosphate 
system with correct 

buffer salt quantity [wt.%] 
Water 46.3 42.8 44.5 

Buffer (40 wt.% 
phosphate, pH 6.0) 

37.5 42.3 40 

PEG400 solution 16.2 14.9 15.5 
 

[0451] Both tests are shown in Figure 13. The labeling of Figure 13 is as follows: 

Curve 4.1......heavy phase with + 10 wt.% phosphate buffer; 

Curve 4.2......heavy phase with - 10 wt.% phosphate buffer; 5 

Curve 4.3......light phase with + 10 wt.% phosphate buffer; 

Curve 4.4......light phase with - 10 wt.% phosphate buffer. 

 

[0452] Based on all the tests in Examples 4.1 to 4.4 and the four different 

aqueous systems (variation of the phase number and the content of water, 10 

buffer and polymer), shown in Figures 10, 11, 12 and 13, even slight 

deviations from the target state can be detected with the measuring principle 

based on the conductivity profile. Even over longer process times (>3 hours), 

the measurement is reliable (as will also be demonstrated below) and thus 

enables optimum efficiency in the separation of light and heavy phases, 15 

maximizing the yield of the process. 

 

Example 5 

 

Continuous extraction in the separator with a cell culture for purification and 20 

enrichment of antibodies 

 

[0453] In the following, several examples will show that the electrical 

conductivities of the heavy and light phases change in the presence of 

bioparticles, and that the intermediate phase and heavy phase formed in the 25 

method can also have electrical conductivity values that differ from the 

expected conductivities. The intermediate phase represents a mixture of 
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heavy phase in dispersed form together with cells. Both the intermediate 

phase and the heavy phase may have, in some cases, significantly reduced 

electrical conductivity than would be expected, which is attributed to the 

presence of cells and other conductivity-lowering bioparticles. 

 5 

[0454] Example 5 shows how the detection of electrical conductivity is used to 

separate the target product in the target phase (in this example, the light 

phase) from the counterphase (in this example, the heavy phase) and the 

intermediate phase with cells. 

 10 

Example 5.1 

 

DN50 scale - citrate system 

 

[0455] Example 5.1 describes a continuous extraction according to the 15 

measuring principle of the method according to the invention in a separator with 

a cell culture. The test serves as an orientation and illustration of the measuring 

principle and was carried out on a laboratory scale. A two-phase citrate system 

was used to purify and enrich the target product, in this case an antibody, from 

a cell culture. The initial weight of phase-forming components and cell culture 20 

along with the adjusted mass fractions are summarized in Table 6: 

 

Table 6: Initial weight and mass fractions for Example 5.1 

 

Material Initial weight [g] Actual mass 
fraction [wt.%] 

Target mass 
fraction [wt.%] 

Cell culture 949.78 28.0 28.2 
Citrate buffer (35 

wt.%, pH 6.0) 
1696.71 50.2 50.5 

PEG 400 736.51 21.8 21.3 
 25 

[0456] The aqueous two-phase citrate system, constructed as indicated in 

Table 6, has already been suitably mixed, such that the cell culture 



 115

components have partitioned between the phases. The target product 

accumulates in the light phase in Example 5.1. The mixture is then conveyed 

via a pump into a separator at a mass flow rate of 28 g/min. With such 

conveying rate, it takes approximately 17 minutes for the light phase, 

comprising the target product in the form of antibodies, to exit at the top of 5 

the outlet. The test overview for Example 5.1 is given in Table 7 below. 

 

Table 7: Test overview for Example 5.1 

 

Mass flow rate 28 g/min 
Total duration 120 min 

Filling time 17 min 
LPtot 1420 ml ± 71 ml 
SPtot 820 ml ± 41 ml 

Antibody content 4.6 g/l ± 0.1 g/l 
(cell culture) 

 10 

[0457] The recorded electrical conductivities of Example 5.1 using two probes, 

one probe for the heavy phase (e.g., probe 160.1 in Figure 2) and one probe 

for the light phase (e.g., probe 160.2 in Figure 2), are plotted against time in 

[s] in Figure 14. The method can again be divided into three sections: start-up 

from 0 to approximately 810 s, continuous operation from approximately 810 s 15 

to 4680 s and shutdown from approximately 4680 s onward. 

 

[0458] Upon starting up, the typical course is recognizable. The first deeper 

probe, which is to detect the heavy phase, shows light phase first with a value 

for electrical conductivity of approximately 8 mS/cm and then increases almost 20 

constantly up to 15 mS/cm (curve K1). At 15 mS/cm, a kink in the slope can be 

seen. Here, the intermediate phase with the cells is detected. The intermediate 

phase is designated Z in Figure 14 and the arrows indicate its detection. The 

second probe shows a similar course upon start-up (curve K2). Electrical 

conductivity suddenly jumps to 8 mS/cm. Light phase is detected here for the 25 

first time. Initially, electrical conductivity does not increase as much until it 

changes to an almost linear increase. At 15 mS/cm, it can be seen that the 
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values for electrical conductivity increase less sharply; here, the intermediate 

phase Z is detected with the cells. As soon as the second probe reaches a 

conductivity value of 17 mS/cm, the immersion tube is driven down (asterisk in 

Figure 14) and a continuous process is set. Thereby, a difference in electrical 

conductivities between the phases of 5 mS/cm can be seen. 5 

 

[0459] Contrary to expectations, the heavy phase has a much lower 

conductivity than expected. This is likely due to the presence of cells and 

other conductivity-lowering bioparticles. 

 10 

[0460] At the end of continuous operation, a drop in electrical conductivities can 

be seen. This is due to the fact that the immersion tube is adjusted to be deeper 

here (readjustment of the immersion tube), by which more heavy phase is 

withdrawn due to the higher hydrostatic pressure. This was to test the response 

of the system and detect the electrical conductivities. The values for electrical 15 

conductivity decrease directly as the immersion tube is lowered (asterisk in Figure 

14): Thereby, the measured value of the second probe (curve K2) drops down to 

that of the continuous light phase, designated LP in Figure 14. The detected 

electrical conductivity of the first probe decreases to the same extent; however, 

the difference is not as large as for the second probe. The lowest value for 20 

electrical conductivity is 15 mS/cm; here, just the intermediate phase Z with the 

cells is detected. The immersion tube is then driven up completely (asterisk in the 

circle in Figure 14) in order to prevent the intermediate phase from being detected 

due to a further decrease of the heavy phase. Therefore, the shutdown begins 

with the immersion tube fully ramping up at approximately 4680s (asterisk in the 25 

circle in Figure 14), causing the electrical conductivity measured values to 

increase rapidly. At approximately 15 mS/cm, a kink is again visible in the second 

probe (curve K2). Here as well, the intermediate phase Z is detected with cells; 

this is indicated in Figure 14 with arrows to Z (Z means intermediate phase). 

Contrary to expectations, the values for the electrical conductivity of the 30 

intermediate phase with cells are not in the range of 30-40 mS/cm. This is 

attributed to the presence of cells and other conductivity-lowering bioparticles. 
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The values for electrical conductivity then rise to over 20 mS/cm. The electrical 

conductivities of the two probes eventually converge rapidly to the same value. 

 

[0461] As soon as the immersion tube has been driven down at approximately 

4200 s (see asterisk in Figure 14), the conductivity measured value of the 5 

second probe (curve K2) immediately drops to the electrical conductivity of the 

pure light phase (5 to 15 mS/cm). Thus, the electrical conductivity can be used 

to locate the intermediate phase in such system. Although the first probe did 

not detect a pure heavy phase in continuous operation, the electrical 

conductivity of which should be in the range of 30 to 50 mS/cm, it is still 10 

possible to determine which electrical conductivity measured value belongs to 

the intermediate phase with the aid of the electrical conductivity values from 

the start-up. The conductivity measured value of the intermediate phase Z can 

be detected in the first plateau after detection of the light phase LP. In the 

intermediate phase, which here changes into the heavy phase, a conductivity 15 

gradient is present, which means that the start of the intermediate phase can 

be well estimated with the aid of the detected electrical conductivity value. 

 

[0462] Figure 15 shows the cell number in [105 cells/mL] of the cell culture 

used in Example 5.1 and the cell number of the light phase obtained during 20 

the method (curve K2), which contains the target product. It can be seen that 

at all times there are consistently fewer cells in the light phase obtained than 

in the cell culture. The reduced cell number can also be observed in the light 

phase obtained after extraction (light phase pool in Figure 15). 

 25 

[0463] Thus, using Example 5.1, it can be shown that the product phase (light 

phase) can be uniquely identified with the aid of the measurement of 

electrical conductivities and constantly separated from the other phases via 

continuous extraction. 

 30 

[0464] The antibodies are enriched in the light phase separated in Example 5.1. 

and are present in purified form. The cells could be depleted by 1.4 log steps. 
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Example 5.2 

 

DN50 scale - aqueous two-phase phosphate system 

 5 

- Reference Example - 

 

[0465] Example 5.2 describes a continuous extraction according to the 

measuring principle of the present method in a separator using a cell culture. 

The test is only for orientation and illustration of the measuring principle and 10 

was carried out on a laboratory scale. A two-phase phosphate system was 

used to purify and enrich the target product, in this case antibodies, from a 

cell culture. The initial weight of phase-forming components and cell culture 

along with the adjusted mass fractions are summarized in Table 8: 

 15 

Table 8: Initial weight and mass fractions 

 

Material Initial weight [g] Mass fraction [wt.%] 
Cell culture 970 45.5 

Phosphate buffer (40 
wt. %, pH 6.0) 

833.03 39.0 

PEG 400 330.29 15.5 
 

[0466] The aqueous two-phase phosphate system, constructed as indicated in 

Table 8, has already been suitably mixed in a static mixer, such that the cell culture 20 

components partition between the phases. The target product, here: antibody, 

accumulates in the light phase in Example 5.2. The mixture is then conveyed via 

a pump into a separator at a total mass flow rate of 50.7 g/min. The reactants are 

placed in beakers and conveyed by gear pumps into the static mixers and then 

into the separator. The light phase and the heavy phase are absorbed. 25 

 

[0467] A test overview for Example 5.2 is given in Table 9 below. 
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Table 9: Test overview for Example 5.2 

 

Mass flow rate 50.7 g/min 
Total duration 58 min 

Filling time 10 min 
LPtot 1010 ml ± 50.5 ml 
SPtot 700 ml ± 35 ml 

Antibody content 3.1 g/l ± 0.4 g/l 
(cell culture) 

 

[0468] The recorded electrical conductivities of Example 5.2 using two 

probes, one probe for the heavy phase (e.g., probe 160.1 in Figure 2) and 5 

one probe for the light phase (e.g., probe 160.1 in Figure 2), are plotted 

against time in [s] in Figure 16. 

 

[0469] In Figure 16, curve K1 shows the measured values for the electrical 

conductivity of the first probe, which is to detect the heavy phase, and curve 10 

K2 shows the measured values for the electrical conductivity of the second 

probe, which is to detect the light phase. The measured values of electrical 

conductivity of the first probe in curve K1 increases rapidly from 0 mS/cm to 

16 mS/cm during start-up. The conductivity curves of the two probes intersect 

at 19 mS/cm. Thereafter, the measured value for the electrical conductivity of 15 

the first probe in curve K1 increases almost linearly to a value of 65 mS/cm. 

Here, the curve flattens out. The immersion tube is driven down (asterisk in 

curve K1 in Figure 16), then continuously removes heavy phase and a 

continuous method is thus established. The conductivity measured value of 

the first probe varies between 63.2 mS/cm and 69.3 mS/cm for the heavy 20 

phase. This represents the continuous operation of the method. 

 

[0470] To shut down continuous extraction, the immersion tube is driven up 

(asterisk in the circle in curve K1 in Figure 16) and thus stops removing heavy 

phase. According to this, the electrical conductivity values of the first probe 25 

asymptotically approach a value of 77 mS/cm. 
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[0471] In curve K2, the electrical conductivities measured by the second 

probe for the light phase, the probe detects a value of 17 mS/cm at the 

beginning. This then increases to 20 mS/cm. Such value is detected 

constantly for a short time and increases in the further course to 25 mS/cm. 

At such point in time, the immersion tube is lowered (asterisk in curve K2 in 5 

Figure 16) and the immersion tube begins to remove the heavy phase. This 

can be performed by gravity, wherein the opening present in the immersion 

tube, i.e., in the inner tube, is brought into a position, such that the heavy 

phase flows out. The immersion tube then works like an overflow valve. 

According to another embodiment of the immersion tube, the heavy phase 10 

can also be sucked away through the immersion tube. Both alternatives are 

equally suitable and can be used to remove the heavy phase. 

 

[0472] The use of the immersion tube can be seen from the decrease of 

electrical conductivities in curve K2. The measured electrical conductivities 15 

by the second probe decrease almost steadily throughout continuous 

operation until a value of 22 mS/cm is reached at the end. The electrical 

conductivity then rises to just under 25 mS/cm. 

 

[0473] Subsequently, the immersion tube is driven up (asterisk in the circle in 20 

curve K2 in Fig. 16) and therefore stops removing heavy phase; the 

measured conductivities of the second probe then increase almost linearly 

(curve K2) until the measured value of the first probe is reached (curve K1). 

 

[0474] An analysis of the heavy and light phases shows that the partitioning of 25 

target product into the light phase and impurities, in particular cells, into the 

heavy phase and/or intermediate phase has not occurred. It can also be seen 

from the clear turbidity of the light phase that cell harvesting has not worked in 

such system and the cells remain in the light phase. The light phase is a disperse 

phase and should actually be clearer. In contrast, the heavy phase settles faster 30 

than would be expected and is also very clear. An intermediate phase with cells 

is recognizable between the two phases. The cells remain in the light phase and 
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may not be withdrawn from the immersion tube, since it is designed to remove 

the heavy phase. There are also distinct streaks of cells visible in the inlet of the 

separator. Thus, a phase inversion has occurred in the system. This is attributed 

to insufficient mixing. Therefore, in the method according to the invention, mixing 

of the aqueous two-phase system is carried out while maintaining a mass 5 

transfer, such that the target product has enriched and is substantially present 

in only one of the phases, namely the expected phase, and the impurities have 

enriched and are substantially present in the counterphase. 

 

[0475] The electrical conductivities of the heavy phase in Example 5.1. are in the 10 

range of the pure heavy phase (without cells) as obtained in Example 4.2 (Figure 

11) in one of the tests when investigating the susceptibility of the method to 

interference and varying the water content. Such conductivity is comparable to 

the conductivity of a cell-free phase with product. Thus, the formation of an 

intermediate phase of non-coalesced heavy phase and cells has not occurred 15 

here. Such undesirable effect serves as a negative example here. 

 

[0476] It should be explicitly pointed out in this connection that Example 5.2. 

does not represent an example according to the invention, since, here, mixing 

under mass transfer, as indicated in the teaching of the method according to 20 

the invention, was not carried out. 

 

[0477] It is noteworthy that the measuring principle according to the method of 

the invention nevertheless works; i.e., the heavy phase and the light phase 

could be identified and separated by their electrical conductivities. Thereby, 25 

the fault lies in the lack of mixing that can be readily avoided. 

 

Example 5.3 

 

DN50 scale - aqueous two-phase phosphate system 30 
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[0478] To demonstrate that sufficient mixing in Example 5.2 eliminates the 

problems encountered there, Example 5.2 was repeated and the two phases 

were again transferred to the separator. However, the volume flow is reduced 

from 50.7 g/min to 25 g/min. This is to extend the dwell time in the static mixers 

to produce higher mixing. 810 ml light phase and 310 ml heavy phase are 5 

conveyed into the separator. For the initial weight of phase-forming 

components and cell culture along with the adjusted mass fractions, please 

refer to Table 8. A test overview for Example 5.3 is given in Table 10 below. 

 

Table 10: Test overview for Example 5.3 10 

 

Mass flow rate 25 g/min 
Total duration 52 min 

Filling time 20 min 

Light phase 715 ml 
Heavy phase 210 ml 

Antibody content 4.8 g/l (cell culture) 
 

[0479] The recorded electrical conductivities of Example 5.3 using two 

probes, one probe for the heavy phase (e.g., probe 160.1 in Figure 2) and 

one probe for the light phase (e.g., probe 160.2 in Figure 2), are plotted 15 

against time in [s] in Figure 17. 

 

[0480] As can be seen in Figure 17 and the measured curves K1 and K2, the 

courses of the conductivity measured values are flatter due to the lower 

adjusted mass flow rate, but all characteristic features can be recognized. 20 

 

[0481] Figure 17 shows that the values for the electrical conductivity of the first 

probe in curve K1 increase abruptly from 0 mS/cm to 13 mS/cm. Electrical 

conductivity then increases to 16-17 mS/cm and is then detected constantly. The 

second probe (curve K2) shows the same measured value as the first probe, but 25 

with a slight time delay. After both probes have detected the light phase, the 

measured value for the electrical conductivity of the first probe increases (curve 
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K1) and reaches its maximum at 50 mS/cm, wherein a first asymptotic course is 

recognizable from a measured value of 43 mS/cm. Therefore, the first probe 

actually detects the intermediate phase (in the present case, heavy phase with 

cells) with an electrical conductivity in the range of 40-50 mS/cm from about 40 

mS/cm. Since no heavy phase was measured at 60-80 mS/cm, it is assumed that 5 

all of the heavy phase has effectively transitioned to intermediate phase or that 

the conductivity probe is only measuring intermediate phase. Therefore, the 

intermediate phase in this example corresponds to the heavy phase. 

 

[0482] The measured value for the electrical conductivity of the second probe 10 

(curve K2) remains at the constant value of 15 to 16 mS/cm for longer and 

then increases very slowly to approximately 24.5 mS/cm. At such point in 

time, the immersion tube is briefly driven down (asterisk in curves K1 and K2 

in Figure 17) and driven up again (asterisk in the circle in curves K1 and K2 

in Figure 17). For this reason, the start-up and shutdown curves are 15 

significantly different in this case. 

 

[0483] Eventually, both measured values increase to 50 mS/cm. As soon as the 

second measuring probe indicates the same value as the first, the test is 

terminated and the pumps are switched off. 20 

 

[0484] Table 11 below shows the electrical conductivity measured values for 

Examples 5.2 and 5.3: 

 

Table 11: Electrical conductivity for Example 5.2 and 5.3 25 

 

Sample Conductivity [mS/cm] 

Reference Example 5.2 (insufficient mixing) 
Light phase start 20-30 
Light phase minute 15 20-30 
Light phase minute 30 20-30 
Light phase pool* 20-30 
Heavy phase pool* 60-70 

Example 5.3 (sufficient mixing) 
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Heavy phase 40-50 
Light phase start 20-25 
Light phase minute 30 20-25 

*Pool means the phase obtained after extraction 

 

[0485] Continuous operation was carried out here only very briefly to 

demonstrate the measuring principle. This can, of course, be carried out for 

much longer, e.g., several hours or even longer. 5 

 

[0486] In a bar graph, Figure 18 shows the cell number in [106 cells/mL] of the 

cell culture used in Reference Example 5.2 and Example 5.3 (11,1*106 

cells/ml) and the cell number of the light phase obtained during the method, 

which is to contain the target product. 10 

 

[0487] The light phase of Reference Example 5.2. shows no depletion of cells 

in Figure 18 (left side of Figure 18). The electrical conductivity of the heavy 

phase obtained in Reference Example 5.2 reveals such insufficient 

separation by the conductivity value of 60-70 mS/cm, since this corresponds 15 

to the pure heavy phase without cells. "Pool" in Figure 18 designates the 

phase obtained after extraction. 

 

[0488] In Example 5.3 on the right side of Figure 18, it can be seen that there 

are consistently fewer cells in the light phase in which the product is present 20 

than in the cell culture at any point in time during the extraction method. The 

reduced cell count can also be observed throughout the light phase after 

extraction has occurred. The successful separation of the cells can again be 

seen from the electrical conductivity of the heavy phase. This has a significantly 

reduced electrical conductivity with a conductivity range of 40-50 mS/cm, 25 

suggesting the presence of cells and other conductivity-lowering bioparticles. 

 

[0489] Analysis shows that the antibodies are enriched in the separated light 

phase of Example 5.3 and are in purified form. Therefore, the method 

according to the invention enables the product phase (light phase) to be 30 
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constantly separated from the heavy phase with the aid of conductivity 

measurement/phase boundary control via continuous extraction. 

 

[0490] By reducing the volume flow, cell harvesting could be successfully carried 

out with the phosphate system. Thus, it was confirmed that, due to the low mixing 5 

of the system in the start-up region, there was a phase inversion of the system in 

Example 5.2 (reference example), which could be avoided in Example 5.3 

(example according to the invention) with mixing with sufficient mass transfer. 

 

Example 5.4 10 

 

DN150 scale - aqueous two-phase phosphate system 

 

[0491] Example 5.4 shows how the automated adjustment of the height or 

immersion depth of the immersion tube is carried out as a function of the 15 

conductivity values determined for 2 probes. An aqueous two-phase 

phosphate system is used in continuous operation. 

 

[0492] In the example shown, the target product is located in the light phase 

and the immersion tube in the embodiment with an overtube, which extends 20 

into the heavy phase, is to remove heavy phase and intermediate phase from 

the separator. 

 

[0493] Figure 19 shows the two electrical conductivity profiles of the two 

probes (Figure 19A) and the automated height adjustment for an immersion 25 

tube (Figure 19B) for an extraction process. Curve K1 in Figure 19A gives the 

electrical conductivities measured by the first probe in the heavy phase, and 

curve K2 in Figure 19A gives the electrical conductivities measured by the 

second probe in the light phase. Figures 19A and 19B are each plotted 

against the method time in [min]. 30 
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[0494] Figure 19B shows the driving up and down of the immersion tube based 

on the position of the opening in the immersion tube, which acts as an overflow 

valve. Therefore, the height information in Figure 19B represents the position of 

the overflow valve, at the height of the opening, where the fluid flows out. At the 

start, the immersion tube is in its initial position at height 0 cm (along the x-axis in 5 

Figure 19B). Therefore, the immersion tube is in the driven-up state and does not 

remove any phase from the separating device. After approximately 27 min, the 

immersion tube is then driven down to approximately 1.5 cm and then driven up 

again to the initial position (height 0 cm) at approximately 32 min. As can be seen, 

the automated control shown compensates for the deviation of the measured 10 

value of the electrical conductivity from the target value by adjusting the position 

of the immersion tube, i.e., the position of the opening in the immersion tube. 

 

[0495] The light phase, represented by the electrical conductivity values of curve 

K2, has the conductivity of 20-30 mS/cm typical in such system throughout the 15 

test. At the start of the test, the first probe in curve K1 initially measures the 

electrical conductivity values for the light phase, since the separator is filled (up to 

approximately 25 min). Once the separator is completely filled with the system, 

the first probe (curve K1) measures the electrical conductivity values of the pure 

heavy phase (60-80 mS/cm). The immersion tube is driven down to drain heavy 20 

phase until the intermediate phase (in this case, mainly heavy phase with cells) is 

detected with a lower electrical conductivity in the range of 40-50 mS/cm. 

Therefore, the automatic adjustment of the height or immersion depth of the 

immersion tube selectively regulates the position of the intermediate phase in the 

separator. If no intermediate phase is present, this will lower the phase boundary 25 

interface between the heavy and light phases accordingly in the separator. 

 

[0496] From approximately 50 min onwards, the characteristic alternation of 

detected heavy phase (deflection of curve K1 in Figure 19A upward) and detection 

of the intermediate phase (deflection of curve K1 in Figure 19A downwards) 30 

occurs upon the extraction in curve K1. This is due to the fact that continuous 

operation is performed, and therefore aqueous two-phase system to be separated 
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is constantly fed into the separator. At the same time, the immersion tube is moved 

back and forth between the heavy phase and the intermediate phase (Figure 

19B), in order to allow the heavy phase and intermediate phase to flow out of the 

separator and to ensure that the first probe remains between the heavy phase 

and the intermediate phase. This ensures that the light phase is not lost with the 5 

heavy phase and that the intermediate phase accumulating in the separator is 

drained through the immersion tube at regular intervals. 

 

[0497] Analysis shows that the antibodies are enriched in the separated light 

phase and are present in purified form. 10 

 

Example 6 

 

Continuous extraction in the separator with a cell culture for purification and 

enrichment of plasmid DNA in an aqueous two-phase citrate system 15 

 

[0498] Example 6 describes continuous separator tests with cell lysate from an E. 

coli fermentation. The cell lysate is obtained via alkaline lysis, and the subsequent 

necessary neutralization is carried out with the salt buffer also required for 

aqueous two-phase extraction (ATPE) (in this example: citrate). Advantageously, 20 

the salt quantity required for the APTE can be added completely in the lysis step. 

 

[0499] In contrast to Examples 5.1 to 5.4 described previously, the target 

component in Example 6 is plasmid DNA (pDNA) rather than a monoclonal 

antibody. In addition, such system has a distribution of the target component 25 

into the heavy phase; i.e., the plasmid DNA is enriched in the heavy phase 

after mixing with sufficient mass transfer to be separated from the rest. 

Thereby, the intermediate phase represents a mixture of non-coalesced 

droplets, precipitates bound in between, and digested E. coli cells. The two-

phase system used employs a polyethylene glycol with an average molecular 30 

mass of 1450 g/mol (PEG1450) instead of polyethylene glycol with an average 

molecular mass of 400 g/mol (PEG400) for two-phase formation. Similar to the 
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previous examples, a polymer-rich light phase and a salt-rich heavy phase are 

formed. Target and minor components are distributed in such multiphase 

system such that the target product has been enriched in and is substantially 

present in the heavy phase, and the undesired components have been 

enriched in and are substantially present in the intermediate and light phases. 5 

 

[0500] Thus, electrical conductivity detection can again be used to separate 

the target product in the target phase (in this example, the heavy phase) from 

the counterphase (in this example, the light phase) and the intermediate 

phase with cell lysate. 10 

 

[0501] For the continuous extraction carried out in Example 6 according to 

the method of the invention, a two-phase citrate system is used to purify and 

enrich the target product, in this case plasmid DNA, from a cell culture. The 

initial weight of phase-forming components and cell culture along with the 15 

adjusted mass fractions are summarized in Table 12: 

 

Table 12: Initial weight and mass fractions for Example 6 

 

 Initial weight [g] Actual mass fraction 
[wt.%] 

Cell lysate 4406.4 40.8 
Citrate buffer (35 wt.%, pH 6.0) 2721.6 25.2 

PEG 1450 (60 wt.%) 3672 34.0 
 20 

[0502] The aqueous two-phase citrate system has already been suitably 

mixed in a static mixer, such that the components partition between the 

phases. The target product accumulates in the heavy phase in Example 6. 

The aqueous two-phase citrate system is conveyed via a pump into the 

separator at a mass flow rate of 60 g/min. With such conveying rate, it takes 25 

approximately 10 minutes for the light phase to exit at the top of the outlet. 

 

[0503] The test overview for Example 6 is given in Table 13 below. 



 129

 

Table 13: Test overview for Example 6 

 

Mass flow rate 60 g/min 
Total duration 180 min 

Filling time 10 min 
Heavy phase 2300 ml 

Light phase 7100 ml 
pDNA content 2.43 mg/g WCP 

 

[0504] The measured electrical conductivities of Example 6 are plotted 5 

against the method time in [min] in Figure 20. Upon the start-up of the 

continuous extraction, the typical course can be seen again. The first probe 

(curve K1) is the first to show the electrical conductivity values for the light 

phase at approximately 5-10 mS/cm. The curve K1 then increases almost 

constantly up to approximately 40 mS/cm. At approximately 40 mS/cm, a 10 

flattening of the slope can be seen. Here, the intermediate phase with 

biomass/cell lysate is detected. The second probe (curve K2) shows a similar 

course upon start-up. The electrical conductivity suddenly jumps to 10 

mS/cm. Light phase is detected here for the first time. From minute 35, it can 

be seen that the measured values for electrical conductivity differ from those 15 

in examples 5.1 to 5.4. At approximately 35 minutes, the intermediate phase 

with the cells is detected in curve K2. As soon as curve K2 reaches a 

conductivity value of more than 25 mS/cm, the immersion tube is driven down 

(not shown), which is again used as an overflow valve. The immersion tube 

is used to remove light phase and intermediate phase. 20 

 

[0505] The electrical conductivity measured at the second probe (curve K2) 

starts to decrease as the position of the intermediate phase in the separator 

decreases due to the change of the immersion tube position and thus the 

light phase (without biomass and heavy phase droplets) is detected. In the 25 

course of the method, such control of the position of the intermediate phase 

(and thus also the position of the two phase boundaries to the heavy and light 
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phase) in the separator becomes necessary twice more (at minute 70 and at 

minute 110) (not explicitly shown in Figure 20). 

 

[0506] It should be noted in this connection that the ranges for electrical 

conductivities given in Table 1 are for guidance only and may also lie in ranges 5 

deviating from this, as in the present example. Thus, the target value range for 

the electrical conductivities for the heavy phase here is from approximately 40 

mS/cm, for the light phase from approximately 10 mS/cm and the intermediate 

phase from approximately 25 mS/cm. However, this is not problematic, since the 

composition of the individual phases can be determined by analyzing them. 10 

Moreover, in the present example, the separation of the phases is possible in a 

simple manner, since the difference in electrical conductivities between the heavy 

phase on the one hand and the intermediate phase and light phase on the other 

hand is relatively large, and the target product is present in the heavy phase. 

 15 

[0507] The yield of the method described in Example 6 is shown in Figure 21 and 

amounts to 2.43 mg pDNA/ gWCP (wet cell paste), which is within the typical range 

of 2-3 mg/g for pDNA processes. The aqueous two-phase system (ATPS) used 

results in an expected increase of concentration by a factor of 3 (batch 

experiment). This change in concentration influenced by two-phase extraction 20 

(ATPE) could also be achieved in the continuous method with the system used. 

Thus, Example 6 also demonstrated that there is no loss of heavy target phase 

due to the controlled position of the intermediate phase in the separator. 

 

Example 7 25 

 

Course of a continuous extraction in a separator in an aqueous two-phase 

citrate system using two pumps 

 

[0508] The procedure is analogous to Example 6, but the position of the 30 

intermediate phase is controlled by two pumps. To adjust the position of the 

intermediate phase in the separator, the conductivity profiles are used again. 
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[0509] Therefore, a continuous extraction is carried out according to the 

method according to the invention using a two-phase citrate system to purify 

and enrich the target product, in this case plasmid DNA, from a cell culture. 

The target product is substantially in the heavy phase. The initial weight of 5 

phase-forming components and cell culture along with the adjusted mass 

fractions are summarized in Table 14: 

 

Table 14: Initial weight and mass fractions for Example 7 

 10 

 Initial weight [g] Actual mass fraction [wt.%] 
Cell lysate (neutralized) 2764.69 70 

PEG 1450 (60 wt.%) 1122 30 
 

[0510] The cell lysate solution used in Example 7 is already neutralized with 

citrate buffer (35 wt.%, pH 6.0). The ratio of non-neutralized cell lysate to 

buffer is approximately 1.6 (cell lysate:citrate buffer). 

 15 

[0511] The test overview for Example 7 is given in Table 15 below. 

 

Table 15: Test overview for Example 7 

 

Mass flow rate 60 g/min 
Total duration 60 min 

Filling time 10 min 
Heavy phase 1232 ml 

Light phase 2300 ml 
 20 

[0512] In contrast to Example 6, where the removal of the heavy phase is 

controlled by adjusting the height of an immersion tube with an opening that 

acts as an overflow valve, in Example 7 the heavy phase is actively conveyed 

out of the separator by a pump. Likewise, the light phase is conveyed out of 

the separator via a second pump. 25 
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[0513] To ensure that only pure heavy or light phase is removed from the 

separator, the conductivity profiles are again used - as already explained in 

the previous examples. 

 

[0514] If electrical conductivity at the first probe for measuring the electrical 5 

conductivity of the heavy phase drops below a predefined limit value (curve 

M1), the conveying speed of the "heavy phase" pump is throttled. If, in turn, 

the electrical conductivity of the second probe for measuring the electrical 

conductivity of the light phase (curve M2) rises above a predefined limit value, 

the conveying speed of the "heavy phase" pump is increased. 10 

 

[0515] Figure 22 shows the pump flows during the method. 

 

[0516] The labeling of Figure 22 is as follows: 

Curve M1......mass flow of heavy phase; 15 

Curve M2......mass flow of light phase (PEG1450) and 

Curve M3......mass flow of cell lysate. 

 

Example 8 

 20 

[0517] Extraction of a batch with a starting solution for purification and 

enrichment of virus capsids in aqueous two-phase system in the separator. 

The extraction is carried out as described in Figure 1. 

 

[0518] As an example, two deposition tests with virus capsids of adeno-25 

associated viruses (AAV) from a cell culture are carried out. In the examples 

described with virus capsids, the target component is enriched once in the upper 

light phase (Example 8.1) and once in the lower heavy phase (Example 8.2). 

 

[0519] In contrast to the previously described Examples 5.1 to 7, a viral 30 

capsid of an adeno-associated virus is used for the target component instead 

of a monoclonal antibody or plasmid DNA. Furthermore, a polyethylene glycol 
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with an average molecular weight of 8000 g/mol and an ammonium sulfate 

buffer (see Example 8.2) are used. 

 

Example 8.1 

 5 

[0520] The system used in Example 8.1 produces a distribution of the target 

component into the light phase; i.e., the virus capsids are enriched in the light 

phase after mixing with sufficient mass transfer, in particular substantially in 

this phase, which is to be separated from the remainder. 

 10 

[0521] In the two-phase system used, polyethylene glycol with an average 

molecular mass of 400 g/mol (PEG400) and a phosphate buffer are used for 

two-phase formation. Similar to the previous examples, a polymer-rich light 

phase and a salt-rich heavy phase are formed. The components are 

distributed in such multiphase system in such a way that the target product, 15 

here: adeno-associated viruses, is enriched in the light phase, in particular is 

substantially present therein, and undesirable components are enriched in 

the heavy phase, in particular are substantially present therein. 

 

[0522] The initial weight of phase-forming components and virus starting 20 

solution along with the adjusted mass fractions are summarized in Table 16: 

 

Table 16: Initial weight and mass fractions for Example 8.1 

 

 Initial weight [g] Actual mass fraction [wt.%] 
Virus solution 4.405 44.05 

Phosphate buffer (40 
wt.%, pH 8.0) 

3.875 38.75 

PEG 400 1.720 17.20 

 25 

[0523] Thereby, the aqueous two-phase phosphate system is suitably mixed in 

the separation vessel, such that the components may partition between the 
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phases. The target product accumulates in the light phase at a conductivity of 

6.24 mS/cm in Example 8.1. The conductivity of the heavy phase is 78.7 mS/cm. 

 

Example 8.2 

 5 

[0524] The system used in Example 8.2 produces a distribution of the target 

component in the heavy phase; i.e., the virus capsids are enriched in the 

heavy phase after mixing with sufficient mass transfer, in particular 

substantially in this phase, which is to be separated from the remainder. 

 10 

[0525] The two-phase system employed uses polyethylene glycol with an 

average molecular mass of 8000 g/mol (PEG8000) and ammonium sulfate 

buffer for two-phase formation. Similar to the previous examples, a polymer-

rich light phase and a salt-rich heavy phase are formed. The components are 

distributed in such multiphase system in such a way that the target product, 15 

here: adeno-associated viruses, is enriched in the heavy phase, in particular 

is substantially present in this phase, and undesirable components are 

enriched in the light phase, in particular are substantially present in this phase. 

 

[0526] The initial weight of phase-forming components and cell culture along 20 

with the adjusted mass fractions are summarized in Table 17. The virus 

solution had an initial concentration of 2.17x 10^9 capsid/ml. 

 

Table 17: Initial weight and mass fractions for Example 8.2 

 25 

 Initial weight [g] Actual mass fraction [wt.%] 
Virus solution 1.40 14 

Ammonium sulfate 
buffer (20 wt.%, pH 8.0) 

6.60 66 

PEG8000 (50 wt.%) 2.0 20 

 

[0527] Thereby, the aqueous two-phase ammonium system is suitably mixed 

in the separator, such that the components partition between the phases. The 
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target product accumulates in the lower heavy phase in Example 8.2. The 

conductivity of the lower heavy phase is 175.2 mS/cm. The conductivity of 

the upper light phase is 10.4 mS/cm. 

 

[0528] The virus solution had an initial concentration of 2.17x 10^9 capsid/ml 5 

in the extraction tests of Examples 8.1 and 8.2, carried out in one batch each. 

The capsids were able to be enriched completely in the target phases. No 

virus capsid could be determined in the counterphase. 

 

[0529] Due to the differences in conductivity of the light and heavy phases, 10 

the virus-containing solutions could also be separated by means of 

conductivity detection and transfer to separation vessels in continuous 

operation (see Table 18) 

 

Table 18: 15 

 

System Phase AAV ELISA Conductivity 
Example  Capsids/mL [mS/cm] 

8.1 Light phase 3.86x 10^9 6.24 
 Heavy phase < LLD* 78.7 

8.2 Light phase < LLD* 10.4 
 Heavy phase 2.36x 10^09 175.2 

*...."< LLD" means that the capsid content is below the lower limit of detection 

(LLD). 

 

Example 9  20 

  

Course of a continuous extraction in a separator in an aqueous two-phase 

system using a turbidity probe 

 

[0530] To illustrate the implementation of the method with an alternative 25 

measuring probe, the system described in Example 6 is used with a turbidity 

probe. In this exemplary embodiment, only one probe is used instead of two 
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probes. The position of the probe is changed at time intervals, such that the 

turbidity of the other phases can also be measured. In other words, the probe 

can be driven up and down to be able to measure the individual phases. 

Figure 23 shows the time recording of the measurement, in order to illustrate 

the measuring principle in detail. In Figure 23, LP means light phase, SP 5 

means heavy phase and IP means intermediate phase. The free regions 

marked by vertical lines in Figure 23 between the measurement of the light 

phase, heavy phase and intermediate phase represent the transitions in 

which the single probe is switched over, i.e., driven up or down. 

 10 

[0531] In Figure 23, the measurement of turbidity in the light phase (LP) is 

started. After 9 minutes, the position of the probe is displaced downward, 

such that the turbidity of the heavy phase (SP) can be measured. Such 

method can be repeated as often as required, such that the properties of two 

or three phases can also be detected at short intervals with just one probe. 15 

In the upper region of Figure 23, there is a high (strong) turbidity, in the lower 

region a low turbidity. Therefore, the light phase LP shows high turbidity, 

whereas the heavy phase SP shows low turbidity. The intermediate phase IP 

shows overlapping turbidity characteristics. 

 20 

[[00553322]]  Therefore, Figure 23 serves for orientation and illustration of the measuring 

principle. For the system used in this example, it can therefore be shown that 

turbidity is also a suitable indicator for distinguishing between two or three phases. 

A separation of the phases, based on the turbidity measurement with one or even 

more probes, can therefore be readily carried out over a suitable period of time.  25 

  

[0533] The invention comprises aspects disclosed in the following clauses, 

which form part of the description but are not claims: 

 

  30 
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CLAUSES 

 

1. A method for purifying and enriching a target product selected from the 

group consisting of 

- immunoglobulins or other proteins; or 5 

- plasmid DNA, genomic DNA, RNA or other nucleic acids; or 

- viruses, 

comprising the following steps: 

a. Providing a starting solution containing the target product; 

b. Converting the starting solution into an aqueous two-phase system by 10 

adding at least one polymer and at least one salt in a suitable concentration, 

or by adding at least two polymers in a suitable concentration; 

c. Mixing the aqueous two-phase system while maintaining a sufficient 

mass transfer, such that the target product is enriched in the light phase (20, 

120) or in the heavy phase (40, 140); 15 

d. Allowing the phases to segregate in a separating device (10, 100) into 

a light phase (20, 120), a heavy phase (40, 140) and, if an intermediate phase 

is present, an intermediate phase (30, 130); 

e. Continuously measuring in at least one of the phases in the separating 

device (10, 100) to determine the position of the two phases (20, 120, 40, 20 

140) and the phase boundary interface or, in the presence of an intermediate 

phase (30, 130), the position of the intermediate phase (30, 130) and the two 

phase boundary interfaces; 

f. Removing each of the light phase (20, 120), the heavy phase (40, 140) 

and, in the presence of an intermediate phase (30, 130), the intermediate phase 25 

from the separating device (10, 100) based on the measured electrical 

conductivity of at least one of the phases; and 

g. Extracting the phase with the target product. 

2. The method according to clause 1, 

characterized in that 30 

the continuous measurement of the electrical conductivity in at least one of 

the phases in the separating device (10, 100) is carried out with one or more 
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conductivity measuring devices in the form of one, two, three or more probes 

(60, 160.1, 160.2, 162.1, 162.2, 162.3, 162.4, 163.1, 163.2, 163.3, 163.4). 

3. The method according to clause 1 or 2, 

characterized in that 

at least one probe (160.1, 162.1, 163.1) is used for continuously measuring 5 

the electrical conductivity of the heavy phase (140) and at least one probe 

(160.2, 162.3, 162.4, 163.3, 163.4) is used for continuously measuring the 

electrical conductivity of the light phase (20, 120) at a suitable position in the 

separating device (100). 

4. The method according to one of the preceding clauses 1 to 3, 10 

characterized in that 

an outlet (50) is provided in the separating device (10) and the removal of the 

phases (10, 20, 30) from the separating device (10) through the outlet (50) 

according to step f. is carried out by gravity or using positive pressure or 

negative pressure, generated with or without a pump, or a pump; 15 

or 

an upper outlet (150.2) is provided in the separating device (100), and the 

removal of the light phase (120) from the upper outlet (150.2) of the 

separating device (100) is carried out using gravity or positive pressure or 

negative pressure, generated with or without a pump, or a pump, 20 

and 

a lower outlet (150.1) is provided in the separating device (100), and the removal 

of the heavy phase (140) from a lower outlet (150.1) of the separating device 

(100) is carried out using gravity or positive pressure or negative pressure, 

generated with or without a pump, or a pump from the separating device (100). 25 

5. The method according to one of the preceding clauses 1 to 4, 

characterized in that 

the removal of a phase according to step f. is carried out in continuous 

operation by means of a height-adjustable immersion tube (180, 182) having 

an opening (190, 192) that is immersed in the phase to be removed, wherein 30 
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- the immersion tube (180) is connected to the lower outlet (150.2) in 

such a way that the phase can flow out under gravity to the outlet (150.1) 

through the opening (182) in the immersion tube (180) or 

- the immersion tube (190) has an opening (192) through which the 

removal of the phase is carried out using positive pressure or negative 5 

pressure, generated with or without a pump, or a pump. 

6. The method according to one of the preceding clauses 1 to 5, 

characterized in that 

the height-adjustable immersion tube (180, 190) is used with an overtube 

(183, 193) extending from top to bottom, 10 

wherein the immersion tube (180, 190) is formed of a height-adjustable inner 

tube (181, 191) having an opening (182, 192) for removing one of the phases, 

and an overtube (183, 193) extending from top to bottom, and the length of the 

overtube (183) is defined by an upper end arranged above the light phase 

(120) and a lower end (183a, 193a), wherein the diameter of the overtube (183, 15 

193) isis adjusted to be largerlarger than the diameter of the inner tube (181, 

191), such that an intermediate space between the inner tube (181, 191) and 

overtube (183, 193) is formed, and the length of the overtube (183) is selected 

such that the overtube (183, 193) projects beyond the opening (182, 192) of 

the inner tube (181, 191) and the lower end (183a, 193a) of the overtube (183, 20 

193) is immersed in the heavy phase (140) or, if present, in the intermediate 

phase (130), such that the fluid of the phase into which the lower end (183a, 

193a) of the overtube (183, 193) is immersed rises in the intermediate space 

and can exit through the opening (182, 192) in the inner tube (181, 191). 

7. The method according to one of the preceding clauses 1 to 5, 25 

characterized in that 

the height-adjustable immersion tube (180, 190) with an overtube extending 

from the bottom to the top is used, 

wherein the height-adjustable immersion tube is formed of a height-adjustable 

inner tube (181, 191), which has an opening (182, 192) for removing one of 30 

the phases and an overtube extending from bottom to top, and the length of 

the overtube is defined by a lower end, which is arranged below the heavy 
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phase (140), and an upper end, wherein the diameter of the overtube is 

adjusted to be larger than the diameter of the inner tube, such that an 

intermediate space is formed between the inner tube (181, 191) and the 

overtube, and the length of the overtube is selected so that the overtube 

projects beyond the opening (182, 192) of the inner tube (181, 191) and the 5 

upper end of the overtube is immersed in the light phase (120) or, if present, 

in the intermediate phase (130), such that the fluid of the phase in which the 

upper end of the overtube is immersed flows into the intermediate space and 

can exit through the opening (182, 192) in the inner tube (181, 191). 

8. The method according to clause 6 or 7, 10 

characterized in that 

the length of the overtube (183, 193) extending from top to bottom and its 

diameter are selected in such a way that the entry of suspended matter, flocs 

and other solid or semi-solid components, into the intermediate space 

between the inner tube (181, 191) and the overtube (183, 193) is prevented 15 

by the overtube (183, 193); 

or 

the length of the overtube extending from bottom to top and its diameter are 

selected in such a way that the entry of suspended matter, flocs and other 

solid or semi-solid components into the intermediate space between the inner 20 

tube (181, 191) and the overtube is prevented by the overtube. 

9. The method according to one of the preceding clauses 1 to 8, 

characterized in that 

the probe(s) (160.2, 162.3, 162.4, 163.3, 163.4) for the light phase (120) is 

(are) positioned lower than the upper outlet (150.2) in the separating device 25 

(100) and the probe(s) (160.1, 162.1, 163.1) for the heavy phase (140) is (are) 

positioned higher than the lower outlet (150.1) in the separating device (100); 

and/or 

an immersion tube (180, 190) with or without an overtube (183, 193) is used, 

wherein, when using an immersion tube (180, 190) without an overtube (183, 30 

193), the opening (182, 192) of the immersion tube (180, 190) for removing 

the heavy phase (140) is located lower than the probe(s) (160.1, 162.1, 163.1) 
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in the heavy phase (140) and wherein the opening (182, 192) of an immersion 

tube (180, 190) for removing the light phase (120) is located higher than the 

probe(s) (160.2, 162.3, 162.4, 163.3, 163.4) in the light phase (120); and 

wherein, when using an immersion tube (180, 190) with an overtube (183, 193) 

extending from top to bottom, the lower end (183a, 193a) of the overtube (183, 5 

193) is located lower than the probe(s) (160.1, 162.1, 163.1) in the heavy phase 

(140) for removing the heavy phase (140) when the heavy phase (140) is 

removed through the opening (182, 192) of the immersion tube (180, 190); and 

wherein, when using an immersion tube with an overtube extending from the 

bottom to the top, when the light phase (120) is removed through the opening 10 

(182, 192) of the immersion tube, the upper end of the overtube for removing 

the light phase (120) is located higher than the probe(s) (160.2, 162.3, 162.4, 

163.3, 163.4) in the light phase (120). 

10. The method according to one of the preceding clauses 1 to 9, 

characterized in that 15 

continuously measuring the electrical conductivity of the light phase (120) in the 

separating device (100) in step e. for one or more probes (160.2, 162.3, 162.4, 

163.3, 163.4) in each case produces a value for electrical conductivity, which is 

compared with a target value range for the electrical conductivity of the light 

phase (120) and, if the target value range is exceeded, heavy phase (140) is 20 

removed, wherein the removal quantity, removal rate and/or removal duration 

for the heavy phase (140) are controlled in such a way that the measured 

conductivity of the light phase (120) is again in the target value range; 

or 

continuously measuring the electrical conductivity of the heavy phase (140) in the 25 

separating device (100) in step e. for one or more probes (160.1, 162.1, 163.1) in 

each case produces a value for electrical conductivity, which is compared with a 

target value range for the electrical conductivity of the heavy phase and, if the 

electrical conductivity falls below the target value range, less heavy phase (140) 

is removed, wherein the removal quantity, removal rate and/or removal duration 30 

for the heavy phase (140) are controlled in such a way that the measured 

conductivity of the light phase (120) is again in the target value range. 
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11. The method according to one of the preceding clauses 1 to 10, 

characterized in that 

the electrical conductivity values are used to vary the position of the phase(s) 

and phase boundary interface(s) in continuous operation by monitoring and 

controlling one or more of the following: 5 

- the removal rate for the heavy phase being increased or decreased; 

- the removal rate for the light phase being increased or decreased; 

- the removal quantity for the heavy phase being increased or decreased; 

- the removal quantity for the light phase being increased or decreased; 

- the removal duration for the heavy phase being increased or decreased; 10 

- the removal duration for the light phase being increased or decreased; 

- the removal of the light or heavy phase being interrupted; 

- the feed quantity of the aqueous two-phase system flowing into the 

separating device (100), with or without the target product, being increased 

or decreased, wherein the aqueous two-phase system without the target 15 

product is a flushing solution; 

- the feed rate of the aqueous two-phase system flowing into the separating 

device, with or without a target product, being increased or decreased, wherein 

the aqueous two-phase system without a target product is a flushing solution; 

and/or 20 

- the immersion tube being driven up or down to allow to flow out or suck 

away one or two phases and, if necessary, repositioned upward or downward; 

wherein the one or more removal devices and/or means may be used to carry 

out the preceding measures: 

- gravity; 25 

- positive pressure; 

- negative pressure; 

- one or more pumps; 

and/or 

- removal devices for controlled draining or interrupting the removal of 30 

phases at the outlet, selected from continuously adjustable valves with 
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different degrees of opening, adjustable hose pinch clamps, adjustable shut-

off valves or adjustable flow limiters. 

12. The method according to one of the preceding clauses 1 to 11, 

characterized in that 

for continuously measuring the electrical conductivity of the phases in the 5 

separating device (10, 100), two, three, four or more probes (160.1, 160.2, 

162.1, 162.2, 162.3, 162.4, 163.1, 163.2, 163.3, 163.4) are each inserted into 

and used in an insertion opening (157.1, 157.2, 158.1, 158.2, 158.3, 158.4, 

159.1, 159.2, 159.3, 159.4) in the wall (155) of the separating device (100), 

wherein the insertion openings (157.1, 157.2, 158.1, 158.2, 158.3, 158.4, 10 

159.1, 159.2, 159.3, 159.4) have an arrangement that is selected from: 

- an axial arrangement of the insertion openings (157.1, 157.2), wherein 

the insertion openings (157.1, 157.2) are arranged on a straight connecting line; 

- a radial arrangement of the insertion openings (158.1, 158.2, 158.3, 

158.4), wherein the insertion openings (158.1, 158.2, 158.3, 158.4) are 15 

arranged in an arc; or 

- a radially offset arrangement of the insertion openings (159.1, 159.2, 

159.3, 159.4), wherein the insertion openings (159.1, 159.2, 159.3, 159.4) 

are arranged in an arc and additionally shifted in a preferred direction. 

13. The method according to one of the preceding clauses 1 to 12, 20 

characterized in that 

- the mixing of the aqueous two-phase system is carried out while 

maintaining a sufficient mass transfer by using active mixing and/or static mixing. 

14. The method according to one of the preceding clauses 1 to 13, 

characterized in that at least one of the following conditions is satisfied: 25 

- the method is carried out continuously or discontinuously; 

- a cell culture, cell culture supernatant or cell lysate containing the 

target product is used as the starting solution; 

- an aqueous two-phase system is prepared with the starting solution, 

with which a phase ratio of the phase containing the target product to the 30 

counterphase of > 1.1 is present; 
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- a density ratio of light phase (20, 120) to heavy phase (40, 140) of at 

least 1.06 is used; 

- in the aqueous two-phase system, polyethylene glycol (PEG), 

polypropylene glycol (PPG), dextran, PEG-PPG-PEG copolymer (EOPO) or 

mixtures of these are used as the polymer or as one of the polymers; 5 

- in the aqueous two-phase system, polyethylene glycol with a 

molecular weight between 200 and 8000 g/mol is used as the polymer; 

- in the aqueous two-phase system, at least one polymer is used in a 

concentration of from 5 to 35 wt.%, based on the total quantity of aqueous 

two-phase system; 10 

- in the aqueous two-phase system, a phosphate salt, ammonium salt, 

potassium salts, acetate salts, sodium salts or citrate salt or mixtures of these 

are used as salt or as one of the salts; 

- instead of a salt, an acid selected from citric acid or acetic acid is used; 

- stabilizing components selected from amino acids, sugars or other 15 

stabilizing additives are added to the aqueous two-phase system; 

- the method is carried out continuously, but steps a. and/or d. are 

carried out semi-continuously. 

15. The method according to one of the preceding clauses 1 to 14, 

characterized in that 20 

at the end of the extraction method for the residual discharge of a light phase 

(120) containing the target product, a flushing solution (115) is added to the 

separating device (100), which displaces the light phase (120) containing the 

target product from the separating device (100) and the latter can thus be 

removed through the outlet (150.2) arranged at the top, 25 

and/or 

at the end of the extraction method for the residual discharge of a light phase 

(120) containing the target product, no more heavy phase (140) is removed, 

the latter thereby accumulates and displaces the light phase (120) upward, 

such that the light phase (120) can be removed through the outlet (150.2) 30 

arranged at the top. 

16. The method according to one of the preceding clauses 1 to 14, 
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characterized in that 

at the end of the extraction method for the residual discharge of a heavy phase 

(140) containing the target product, a flushing solution (115) is added to the 

separating device (100), which displaces the heavy phase (140) containing the 

target product from the separating device (100) and the latter can thus be 5 

removed through the outlet (150.1, 150.3) arranged at the bottom, 

and/or 

at the end of the extraction method for residual discharge of a heavy phase 

(140) containing the target product, no more light phase (120) is removed, 

the latter thereby accumulates and displaces the heavy phase (140) 10 

downward, such that the heavy phase (140) can be removed through the 

outlet (150.1, 150.3) arranged at the bottom. 

17. A device for carrying out the method according to one of the clauses 1 

to 16, comprising 

a separating device (10, 100) for separating the phases; 15 

at least one outlet (50, 150.1, 150.2) in the separating device (10, 100); 

at least one probe (60, 160.1, 160.2, 162.1, 162.2, 162.3, 162.4, 163.1, 

163.2, 163.3, 163.4) for measuring electrical conductivity in at least one of 

the phases in the separating device (10, 100); 

one or more removal device(s) and/or means for regulating and/or controlling the 20 

removal quantity, removal rate and/or removal duration of the light phase (20, 

120), the heavy phase (40, 140) and, if present, the intermediate phase (30, 130), 

based on the measured values of electrical conductivity in at least one phase. 

18. A use of the method according to one of the clauses 1 to 16 or the 

device according to clause 17 for adjusting the position of the phases in a 25 

separating device (10, 100) and separating the phases based on the 

measured electrical conductivity values of at least one of the phases. 

 

LIST OF REFERENCE SIGNS: 

 30 

10, 100 Separating device 
15 Agitator shaft 
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20, 120 Light phase 
25, 125 Motor 
30, 130 Intermediate phase 
40, 140 Heavy phase 
50, 150.1, 150.2 Outlet 
60 Probe for measuring electrical conductivity 
110 ATPS solution to be separated 
115 Flushing solution 
120a, 120c Curve for the electrical conductivity of the 

light phase 
120b, 120d Curve for the turbidity of the light phase 
130c Curve for the electrical conductivity of the 

intermediate phase 
135 Controller 
140a, 140c Curve for the electrical conductivity of the 

heavy phase 
140b, 140d Curve for the turbidity of the heavy phase 
150.1, 150.2, 150.3 Outlet 
155 Wall of the separating device 
157.1, 157.2, 158.1, 158.2, Insertion openings for the probes 
158.3, 158.4, 159.1, 159.2 Insertion openings for the probes 
159.3, 159.4 Insertion openings for the probes 
160.1 Probe for the heavy phase 
160.2 Probe for the light phase 
162.1, 162.2, 162.3, 162.4 Probes for measuring electrical conductivity 
163.1, 163.2, 163.3, 163.4 Probes for measuring electrical conductivity 
180, 190 Immersion tube 
181, 191 Inner tube 
182, 192 Opening 
183, 193 Overtube or cladding tube 
183a, 193a End of the overtube 
189, 199 Height adjustability of the immersion tube 
200, 202 Graph 
I Start-up 
II Continuous operation 
III Shutdown 
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Claims 

 

1. A method for purifying and enriching a target product selected from the 

group consisting of 

- immunoglobulins or other proteins; or 5 

- plasmid DNA, genomic DNA, RNA or other nucleic acids; or 

- viruses, 

comprising the following steps: 

a. Providing a starting solution containing the target product; 

b. Converting the starting solution into an aqueous two-phase 10 

system by adding at least one polymer and at least one salt in a suitable 

concentration, or by adding at least two polymers in a suitable concentration; 

c. Mixing of the aqueous two-phase system while maintaining a 

mass transfer, such that the target product is enriched in the light phase (20, 

120) or in the heavy phase (40, 140); 15 

d. Allowing the phases to segregate in a separating device (10, 

100) into a light phase (20, 120), a heavy phase (40, 140) and, if an 

intermediate phase is present, an intermediate phase (30, 130); 

e. Continuously measuring the electrical conductivity in at least 

one of the phases in the separating device (10, 100) to determine the position 20 

of the two phases (20, 120, 40, 140) and the phase boundary interface or, in 

the presence of an intermediate phase (30, 130), the position of the 

intermediate phase (30, 130) and the two phase boundary interfaces; 

f. Removing each of the light phase (20, 120), the heavy phase (40, 

140) and, in the presence of an intermediate phase (30, 130), the intermediate 25 

phase from the separating device (10, 100) based on the continuously 

measured electrical conductivity of at least one of the phases in step e.; and 

g. Extracting the phase with the target product. 

 

2. The method according to claim 1, 30 

characterized in that 
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the continuous measurement of the electrical conductivity in at least one 

of the phases in the separating device (10, 100) is carried out with one or more 

conductivity measuring devices in the form of one, two, three or more probes 

(60, 160.1, 160.2, 162.1, 162.2, 162.3, 162.4, 163.1, 163.2, 163.3, 163.4), 

in particular, at least one probe (160.1, 162.1, 163.1) is used for 5 

continuously measuring the electrical conductivity of the heavy phase (140) 

and at least one probe (160.2, 162.3, 162.4, 163.3, 163.4) is used for 

continuously measuring the electrical conductivity of the light phase (20, 120) 

at a suitable position in the separating device (100). 

 10 

3. The method according to one of the preceding claims 1 to 2, 

characterized in that 

an outlet (50) is provided in the separating device (10) and the removal 

of the phases (10, 20, 30) from the separating device (10) through the outlet 

(50) according to step f. is carried out by gravity or using positive pressure or 15 

negative pressure, generated with or without a pump, or a pump; 

or 

an upper outlet (150.2) is provided in the separating device (100), and 

the removal of the light phase (120) from the upper outlet (150.2) of the 

separating device (100) is carried out using gravity or positive pressure or 20 

negative pressure, generated with or without a pump, or a pump, 

and 

a lower outlet (150.1) is provided in the separating device (100), and the 

removal of the heavy phase (140) from a lower outlet (150.1) of the separating 

device (100) is carried out using gravity or positive pressure or negative pressure, 25 

generated with or without a pump, or a pump from the separating device (100). 

 

4. The method according to one of the preceding claims 1 to 3, 

characterized in that 

the removal of a phase according to step f. is carried out in continuous 30 

operation by means of a height-adjustable immersion tube (180, 182) having 

an opening (190, 192) that is immersed in the phase to be removed, wherein 
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- the immersion tube (180) is connected to the lower outlet 

(150.2) in such a way that the phase can flow out under gravity to the outlet 

(150.1) through the opening (182) in the immersion tube (180) or 

- the immersion tube (190) has an opening (192) through which 

the removal of the phase is carried out using positive pressure or negative 5 

pressure, generated with or without a pump, or a pump. 

 

5. The method according to one of the preceding claims 1 to 4, 

characterized in that 

the height-adjustable immersion tube (180, 190) is used with an 10 

overtube (183, 193) extending from top to bottom, 

wherein the immersion tube (180, 190) is formed of a height-adjustable 

inner tube (181, 191) having an opening (182, 192) for removing one of the 

phases, and an overtube (183, 193) extending from top to bottom, and the length 

of the overtube (183) is defined by an upper end arranged above the light phase 15 

(120) and a lower end (183a, 193a), wherein the diameter of the overtube (183, 

193) is adjusted to be larger than the diameter of the inner tube (181, 191), such 

that an intermediate space between the inner tube (181, 191) and overtube 

(183, 193) is formed, and the length of the overtube (183) is selected such that 

the overtube (183, 193) projects beyond the opening (182, 192) of the inner tube 20 

(181, 191) and the lower end (183a, 193a) of the overtube (183, 193) is 

immersed in the heavy phase (140) or, if present, in the intermediate phase 

(130), such that the fluid of the phase into which the lower end (183a, 193a) of 

the overtube (183, 193) is immersed rises in the intermediate space and can 

exit through the opening (182, 192) in the inner tube (181, 191). 25 

or 

the height-adjustable immersion tube (180, 190) with an overtube 

extending from the bottom to the top is used, 

wherein the height-adjustable immersion tube is formed of a height-

adjustable inner tube (181, 191), which has an opening (182, 192) for removing 30 

one of the phases and an overtube extending from bottom to top, and the 

length of the overtube is defined by a lower end, which is arranged below the 



 151

heavy phase (140), and an upper end, wherein the diameter of the overtube is 

adjusted to be larger than the diameter of the inner tube, such that an 

intermediate space is formed between the inner tube (181, 191) and the 

overtube, and the length of the overtube is selected so that the overtube 

projects beyond the opening (182, 192) of the inner tube (181, 191) and the 5 

upper end of the overtube is immersed in the light phase (120) or, if present, 

in the intermediate phase (130), such that the fluid of the phase in which the 

upper end of the overtube is immersed flows into the intermediate space and 

can exit through the opening (182, 192) in the inner tube (181, 191). 

 10 

6. The method according to claim 4 or 5, 

characterized in that 

the length of the overtube (183, 193) extending from top to bottom and 

its diameter are selected in such a way that the entry of suspended matter, 

flocs and other solid or semi-solid components, into the intermediate space 15 

between the inner tube (181, 191) and the overtube (183, 193) is prevented 

by the overtube (183, 193); 

or 

the length of the overtube extending from bottom to top and its diameter 

are selected in such a way that the entry of suspended matter, flocs and other 20 

solid or semi-solid components into the intermediate space between the inner 

tube (181, 191) and the overtube is prevented by the overtube. 

 

7. The method according to one of the preceding claims 1 to 6, 

characterized in that 25 

the probe(s) (160.2, 162.3, 162.4, 163.3, 163.4) for the light phase (120) 

is (are) positioned lower than the upper outlet (150.2) in the separating device 

(100) and the probe(s) (160.1, 162.1, 163.1) for the heavy phase (140) is (are) 

positioned higher than the lower outlet (150.1) in the separating device (100); 

and/or 30 

an immersion tube (180, 190) with or without an overtube (183, 193) 

is used, 
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wherein, when using an immersion tube (180, 190) without an overtube 

(183, 193), the opening (182, 192) of the immersion tube (180, 190) for removing 

the heavy phase (140) is located lower than the probe(s) (160.1, 162.1, 163.1) 

in the heavy phase (140) and wherein the opening (182, 192) of an immersion 

tube (180, 190) for removing the light phase (120) is located higher than the 5 

probe(s) (160.2, 162.3, 162.4, 163.3, 163.4) in the light phase (120); and 

wherein, when using an immersion tube (180, 190) with an overtube (183, 

193) extending from top to bottom, the lower end (183a, 193a) of the overtube 

(183, 193) is located lower than the probe(s) (160.1, 162.1, 163.1) in the heavy 

phase (140) for removing the heavy phase (140) when the heavy phase (140) is 10 

removed through the opening (182, 192) of the immersion tube (180, 190); and 

wherein, when using an immersion tube with an overtube extending 

from the bottom to the top, when the light phase (120) is removed through the 

opening (182, 192) of the immersion tube, the upper end of the overtube for 

removing the light phase (120) is located higher than the probe(s) (160.2, 15 

162.3, 162.4, 163.3, 163.4) in the light phase (120). 

 

8. The method according to one of the preceding claims 1 to 7, 

characterized in that 

continuously measuring the electrical conductivity of the light phase (120) 20 

in the separating device (100) in step e. for one or more probes (160.2, 162.3, 

162.4, 163.3, 163.4) in each case produces a value for electrical conductivity, 

which is compared with a target value range for the electrical conductivity of the 

light phase (120) and, if the target value range is exceeded, heavy phase (140) is 

removed, wherein the removal quantity, removal rate and/or removal duration for 25 

the heavy phase (140) are controlled in such a way that the measured 

conductivity of the light phase (120) is again in the target value range; 

or 

continuously measuring the electrical conductivity of the heavy phase 

(140) in the separating device (100) in step e. for one or more probes (160.1, 30 

162.1, 163.1) in each case produces a value for electrical conductivity, which is 

compared with a target value range for the electrical conductivity of the heavy 
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phase and, if the electrical conductivity falls below the target value range, less 

heavy phase (140) is removed, wherein the removal quantity, removal rate and/or 

removal duration for the heavy phase (140) are controlled in such a way that the 

measured conductivity of the light phase (120) is again in the target value range. 

 5 

9. The method according to one of the preceding claims 1 to 8, 

characterized in that 

the electrical conductivity values are used to vary the position of the 

phase(s) and phase boundary interface(s) in continuous operation by 

monitoring and controlling one or more of the following: 10 

- the removal rate for the heavy phase being increased or 

decreased; 

- the removal rate for the light phase being increased or decreased; 

- the removal quantity for the heavy phase being increased or 

decreased; 15 

- the removal quantity for the light phase being increased or 

decreased; 

- the removal duration for the heavy phase being increased or 

decreased; 

- the removal duration for the light phase being increased or 20 

decreased; 

- the removal of the light or heavy phase being interrupted; 

- the feed quantity of the aqueous two-phase system flowing into 

the separating device (100), with or without the target product, being 

increased or decreased, wherein the aqueous two-phase system without the 25 

target product is a flushing solution; 

- the feed rate of the aqueous two-phase system flowing into the 

separating device, with or without a target product, being increased or 

decreased, wherein the aqueous two-phase system without a target product 

is a flushing solution; 30 

and/or 
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- the immersion tube being driven up or down to allow to flow out or 

suck away one or two phases and, if necessary, repositioned upward or 

downward; 

wherein the one or more removal devices and/or means may be used 

to carry out the preceding measures: 5 

- gravity; 

- positive pressure; 

- negative pressure; 

- one or more pumps; 

and/or 10 

- removal devices for controlled draining or interrupting the 

removal of phases at the outlet, selected from continuously adjustable valves 

with different degrees of opening, adjustable hose pinch clamps, adjustable 

shut-off valves or adjustable flow limiters. 

 15 

10. The method according to one of the preceding claims 1 to 9, 

characterized in that 

for continuously measuring the electrical conductivity of the phases in 

the separating device (10, 100), two, three, four or more probes (160.1, 160.2, 

162.1, 162.2, 162.3, 162.4, 163.1, 163.2, 163.3, 163.4) are each inserted into 20 

and used in an insertion opening (157.1, 157.2, 158.1, 158.2, 158.3, 158.4, 

159.1, 159.2, 159.3, 159.4) in the wall (155) of the separating device (100), 

wherein the insertion openings (157.1, 157.2, 158.1, 158.2, 158.3, 158.4, 

159.1, 159.2, 159.3, 159.4) have an arrangement that is selected from: 

- an axial arrangement of the insertion openings (157.1, 157.2), 25 

wherein the insertion openings (157.1, 157.2) are arranged on a straight 

connecting line; 

- a radial arrangement of the insertion openings (158.1, 158.2, 

158.3, 158.4), wherein the insertion openings (158.1, 158.2, 158.3, 158.4) 

are arranged in an arc; or 30 
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- a radially offset arrangement of the insertion openings (159.1, 

159.2, 159.3, 159.4), wherein the insertion openings (159.1, 159.2, 159.3, 

159.4) are arranged in an arc and additionally shifted in a preferred direction. 

 

11. The method according to one of the preceding claims 1 to 10, 5 

characterized in that 

- the mixing of the aqueous two-phase system is carried out by 

using active mixing and/or static mixing. 

 

12. The method according to one of the preceding claims 1 to 11, 10 

characterized in that at least one of the following conditions is satisfied: 

- the method is carried out continuously or discontinuously; 

- a cell culture, cell culture supernatant or cell lysate containing 

the target product is used as the starting solution; 

- an aqueous two-phase system is prepared with the starting 15 

solution, with which a phase ratio of the phase containing the target product 

to the counterphase of > 1.1 is present; 

- a density ratio of light phase (20, 120) to heavy phase (40, 140) 

of at least 1.06 is used; 

- in the aqueous two-phase system, polyethylene glycol (PEG), 20 

polypropylene glycol (PPG), dextran, PEG-PPG-PEG copolymer (EOPO) or 

mixtures of these are used as the polymer or as one of the polymers; 

- in the aqueous two-phase system, polyethylene glycol with a 

molecular weight between 200 and 8000 g/mol is used as the polymer; 

- in the aqueous two-phase system, at least one polymer is used 25 

in a concentration of from 5 to 35 wt.%, based on the total quantity of aqueous 

two-phase system; 

- in the aqueous two-phase system, a phosphate salt, ammonium 

salt, potassium salts, acetate salts, sodium salts or citrate salt or mixtures of 

these are used as salt or as one of the salts; 30 

- instead of a salt, an acid selected from citric acid or acetic acid 

is used; 
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- stabilizing components selected from amino acids, sugars or 

other stabilizing additives are added to the aqueous two-phase system; 

- the method is carried out continuously, but steps a. and/or d. 

are carried out semi-continuously. 

 5 

13. The method according to one of the preceding claims 1 to 12, 

characterized in that 

instead of or in addition to the continuous measurement of the 

electrical conductivity, the turbidity in at least one of the phases in the 

separating device (10, 100) is continuously measured, wherein the turbidity 10 

can be carried out with one or more turbidity measuring devices in the form 

of one, two, three or more probes. 

 

14. The method according to one of the preceding claims 1 to 13, 

characterized in that 15 

at the end of the extraction method for the residual discharge of a light 

phase (120) containing the target product, a flushing solution (115) is added 

to the separating device (100), which displaces the light phase (120) 

containing the target product from the separating device (100) and the latter 

can thus be removed through the outlet (150.2) arranged at the top, 20 

and/or 

at the end of the extraction method for the residual discharge of a light 

phase (120) containing the target product, no more heavy phase (140) is 

removed, the latter thereby accumulates and displaces the light phase (120) 

upward, such that the light phase (120) can be removed through the outlet 25 

(150.2) arranged at the top; 

or 

at the end of the extraction method for the residual discharge of a heavy 

phase (140) containing the target product, a flushing solution (115) is added to 

the separating device (100), which displaces the heavy phase (140) containing 30 

the target product from the separating device (100) and the latter can thus be 

removed through the outlet (150.1, 150.3) arranged at the bottom, 
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and/or 

at the end of the extraction method for residual discharge of a heavy 

phase (140) containing the target product, no more light phase (120) is 

removed, the latter thereby accumulates and displaces the heavy phase 

(140) downward, such that the heavy phase (140) can be removed through 5 

the outlet (150.1, 150.3) arranged at the bottom. 

 

15. A device for carrying out the method according to one of the claims 1 

to 14, comprising 

a separating device (10, 100) for separating the phases; 10 

at least one outlet (50, 150.1, 150.2) in the separating device (10, 100); 

at least one probe (60, 160.1, 160.2, 162.1, 162.2, 162.3, 162.4, 163.1, 

163.2, 163.3, 163.4) for measuring electrical conductivity and/or at least one 

probe for measuring turbidity in at least one of the phases in the separating 

device (10, 100); 15 

one or more removal device(s) and/or means for regulating and/or 

controlling the removal quantity, removal rate and/or removal duration of the light 

phase (20, 120), the heavy phase (40, 140) and, if present, the intermediate 

phase (30, 130), based on the measured values of electrical conductivity and/or 

based on the measured values of turbidity in at least one phase. 20 

 

16. A use of the method according to one of the claims 1 to 14 or the 

device according to claim 15 for adjusting the position of the phases in a 

separating device (10, 100) and separating the phases based on the 

measured electrical conductivity values of at least one of the phases and/or 25 

based on the measured turbidity values of at least one of the phases. 

  


