Biochemical
Engineering
Journdl

www.elsevier.com/locate/bej

S Sles
ELSEVIER Biochemical Engineering Journal 15 (2003) 131-138

Aqueous two-phase extraction using thermoseparating polymer:
a new system for the separation of endo-polygalacturonase

Martinha Pereira, You-Ting Wu, Armando \V@mcio, José Teixeifa
Centro de Engenharia Biolégica-IBQF, Universidade do Minho, Braga 4710-057, Portugal
Received 2 July 2002; accepted after revision 20 November 2002

Abstract

Agueous two-phase partitioning of endo-polygalacturonase (endo-PG) produd€dyweromyces marxianustrains was studied,
on systems containing the thermoseparating polymer Ucon 50-HB-5100 (a random copolymer of 50% ethylene oxide (EO) and 50%
propylene oxide (PO)) as one of the phase-forming compounds. Ucon 50-HB-5100 (Ucon)—polyvinyl alcohol (PVA 10,000), Ucon
50-HB-5100-hydroxypropyl starch (Reppal PES100) and Ucon 50-HB-510Q03¢88, systems were tested. Ucon recycling was also
investigated. Ucon—(NB>SOy system proved to be the most efficient system for aqueous two-phase extraction (ATPE) of endo-PG as
when compared to total protein partition, the enzyme was strongly partitioned to the salt-rich phase.

Using Ucon—(NH)»S0Oy system, a separation scheme consisting of three stages was proposed and tested at laboratory scale. In the first
and second stages, operated in series, extractions were performed using the same UgeBSy\histem. Ucon recycling was done in
each stage. In the third stage, removal of the Ucon and salt residues present in the enzyme-rich phase of the second extraction stage wa
done. The proposed scheme allowed for a 10-fold enzyme concentration and a purification factor close to the expected maximum while
maintaining more than 95% of the initial enzyme activity.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords:Downstream processing; Aqueous two-phase; Separation; Purification; Thermoseparating; Enzymes

1. Introduction have showed the possibility of using polyethylene glycol
(PEG)—(NH;)2S0Q4, PEG—polyvinyl alcohol (PVA), and/or
Pectic enzymes are used in food industry in two differ- a combination of these two systems to purify and concen-
ent ways: to completely clarify juice by removal of all the trate endo-PG from its fermentation brd9]. However,
pectin from solution (by precipitation and/or by complete difficulties arise when considering the separation efficiency
degradation of the polymer) and to reduce the viscosity of and/or economics of the extraction processes. For example,
a solution without cloud losHL]. when a combination of PEG—PVA and PEG—(N$EOs
In the first situation an enzyme preparation containing sev- systems was used to separate endo-PG, the enzyme can
eral pectic enzymes, including pectinmethylesterase, is thebe well purified and concentrated. However, the economics
most efficient. However, when cloud is desirable an enzyme associated with the separation scheme are low. PEG has
preparation free of pectinmethylesterase has to be requiredfo be recycled at an extra cost of (MWHSOs consump-
Kluyveromyces marxianus one of the few yeasts with  tion (PEG is concentrated by adding more salt into the
the ability to produce endo-polygalacturonase (endo-PG)— PEG-rich phase to cause phase splitting again), while the
E.C.3.2.1.15—which degrades pecfih2] and has been recycling of PVA and salt is very difficult to achieve or not
widely studied[3-5]. This enzyme meets all the require- possible.
ments for the two situations mentioned above. PEG can also be recycled by thermoseparation. How-
Aqueous two-phase systems (ATPS) provide very mild ever, the economics for thermoseparation of PEG might
environment for biological materials and can be used for be even worse than PEG recycling at an extra cost for salt
the partition of biomoleculefs,7], since both phases con- consumption, due to the high temperatures required. As
tain 70-90% water. Preliminary studies in our laboratory a matter of fact, PEG cloud point temperature is around
180°C for the lower molecular weights and decreases
mpondmg author. Tels 351-253-604-400: with .increasing molecular weights,.reaching a value of ap-
fax: +351-253-678-986. proximately 95 C for molecular weights of 200,000 Da or
E-mail addressjateixeira@deb.uminho.pt (J. Teixeira). more[10].
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Aqueous two-phase systems with new thermoseparatingdetermined using a refractometer 3T (Atago, Japan). Since
polymers have been recently introduced. Most systems arethe refractive index of a polymer and salt solution at a
formed by the use of a random copolymer of ethylene oxide low total concentration<€10%) is additive[6], if the con-
(EO) and propylene oxide (PQ)1]. This EOPO random  centration of (NH)>SO; can be measured accurately, the
copolymer has a cloud point temperature as low asG17  copolymer concentration can be calculated by determining
making possible to perform temperature induced phase septhe refractive index of a phase at 25 and subtracting the
aration where a target protein can be separated from thecontribution of salt. The formaldehyde reaction mechanism
polymer[12—-14pnd the polymer can be recycl§tb]. The was applied to measure the (WSO, concentration,
cloud point temperature of these aqueous polymer solutions
is a linear function of the mass fraction of PO in the copoly- 2(NH4)2S04 + 6HCHO = N4(CHz)6 + 2H2SOy + 6H20
mer[16,17] 1)

In this work, the extraction of endo-PG and total pro-
tein from aK. marxianusfermentation broth in an aque- a previously calibrated 0.1 M NaOH solution was used to
ous two-phase system containing hydroxypropyl starch titrate the sulfuric acid produced using phenolphthalein as
(Reppal PES100), PVA 10,000 or (M}SOs as one of indicator. The analysis showed that the presence of copoly-
phase-forming species, and a random copolymer of 50% EOmer did not interfere with the determination, and the accu-
and 50% PO as another phase-forming species was stud¥acy of the titration was within 0.4%. A tie-line measured by
ied with the aim of finding a suitable system for endo-PG this methodology was also verified by using a combination
separation. of freeze-drying and refractive index measuremé¢is].

The tie-line length (TLL) is defined as follows:

2. Materials and methods TLL (%) = \/(WlT - WB2+ (W] — wh)2 2

2.1. Chemicals where WI.T, Wl.B represent the weight percentages of
phase-forming componerit in top and bottom phases,
Polyvinyl alcohol (¢4; = 10,000, 88% hydrolyzed) was respectively.
obtained from Scientific Polymer Products (New York,

USA), hydroxypropyl starch (Reppal PES100/, = 2.4. Partition coefficients determination
100,000) from REPPE AB (Sweden), and Ucon 50-HB-
5100, a random copolymenf; = 3900) of 50% ethylene Enzyme samples were prepared from the fermentation

oxide and 50% propylene oxide, from the Union Carbide broth of strain CCT3172 on 10g/l glucose medium. The
(New York, USA). Other chemicals are of analytical reagent fermentation broth was clarified by centrifugation, dialyzed
grade. using 14,000 molecular weight cut-off membranes, and

All polymer and salt concentrations were calculated as lyophilised. The enzyme solutions were finally obtained at
percentage of weight. Stock solutions of salt 40%, PVA 30% a concentration eight times higher than the original broth,
and Reppal PES100 40% were previously prepared to beby re-dissolving the lyophilised sample.

used in ATPS. In these experiments, appropriate amounts of polymer
_ and salt stock solutions were mixed with 0.2 ml of the en-
2.2. Production of endo-polygalacturonase zyme sample and water to form a 1g total solution. After

mixing, the solution was centrifuged at 3000 rpm for 3 min
Endo-polygalacturonase was produced in a shaking flaskand put overnight in an air bath at a given temperature to
incubation ofK. marxianusCCT3172 or CHO-1 or CH4-1  ensure that equilibrium was attained. Samples of top and
at 30°C in the following media (t1): 3.0g (NH)2SOy, bottom phases were taken for quantifying enzyme activity
4.59 KHPOy, 0.259 MgSQ, 0.25g CaCGland 1.0g yeast  and total protein concentration. The partitioning coeffi-
extract. Glucose or sucrose or molasses cane was used asients of enzyme and total proteide andKp, were usually
carbon source. The concentrations of these sugars were indefined as the ratio of enzyme activity or protein concentra-

dicated when necessary. tion in the top and bottom phases. However, in the case of
Ucon—(NH,)2.SOy ATPS, as phase inversion occurs at high
2.3. Phase diagram determination temperatures (30 and 4Q), the partitioning coefficients

Ke andKp are redefined as the ratio of enzyme activity or
The phase diagram of Ucon—(MHSO, was determined  protein concentration in the Ucon-rich and salt-rich phases.
by titrimetry and refractive index measurements of the The protein concentration was measured with a Coomassie
phases. The refractive index method was used to determineProtein assay reagent (Pierce, USA) according to Bradford
the total concentrations of Ucon and (WSO, in the top [18]. The enzyme activity was determined by measuring
and bottom phases, respectively. Standard curves for thethe release of reducing groups from polygalacturonic acid
refractive index of Ucon and (NH.SO4 at 25°C were using cyanoacetamide reagdiB], and the activity unit
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(U/ml) was expressed agnol galacturonic acid equivalents 3. Results and discussion
released per minute per milliliter enzyme solution.
3.1. Phase diagram
2.5. Extraction of endo-PG by the Ucon—(lNbSO,
system The phase diagram of Ucon—(N}4SOy ATPS at 30°C
was determined and shown fg. 1(a) In Fig. 1(b) the

On the optimization experiments for endo-PG extraction binodal curves for Ucon—(NkJ,SO; ATPS at 22 and 46C
using Ucon—(NH)>SO, systems, the clarified fermentation Wwere also given.
supernatant was used without further processing. In the case For Ucon—(NH).SO; ATPS, the higher the temperature,
of Ucon—(NHy)>SOs systems, the aqueous two-phase sys- the lower the polymer and salt concentrations for the for-
tems were prepared by adding solid salt and the pure copoly-mation of two phases. These phase diagrams are similar
mer into fermentation supernatant. If recycled copolymer to those found in literatur§20,21] where systems formed
was used to form the phase systems, a small amount of purddy a copolymer of EOPO with molecular weight 4000 and
copolymer should be added to meet the desired compositionsdNH4)2SO, were calculated at 2%. This new Ucon-salt
for the ATPS. In both situations, 64—72% of the total systems ATPS is also similar to the well-known polyethylene
consist of fermentation broth. The solution was mixed thor- glycol-salt systems. However, if the polymer molecular
oughly and then put into a bath at a given temperature until weight and temperature of the systems are kept the same,
complete phase splitting occurred. Top and bottom phasesonly about half of the salt concentration is required for
were separated for data determination and analysis. the formation of two phases for this new system, which
benefits the process economics. For example, the minimum
salt concentration needed for the formation of two phases
for PEG4000—(NH)2SO4 ATPS at 20°C [6] is about 10%

For the recycling studies, the copolymer-rich phase from and for the Ucon—(Ni)2SQy ATPS at 22C is only 5%.

a primary extraction system was removed after phase SepaAnother interesting point is that phase inversion occurs at

ration and was weighed. This phase was put in a water bath30 anhd 40(':‘ In this clasr::, tSe salt-rich phz_?_(;gehcomis the
at 80°C for 1 h. After temperature induced phase separation, ©°P Phase. In general, the Ucon—(NbS50 as the

phases were separated and weighed again. The phase CorT(l:_haracteristics of low salt concentration, thermoseparating

positions were analyzed using the same method as in thepOIymer and phase inversion at higher operation tempera-
phase diagram determination. The recovery of the copolymertures (30°C or above).

was calculated by knowing the weight and compositions of

the copolymer phase. Fresh fermentation broth and salt was3.2. Partitioning of endo-PG

added into this recycled copolymer phase for the next ex-

traction experiment. Some pure copolymer had to be added Endo-PG showed a very strong tendency to be con-
to compensate for the loss in the last extraction. About 5% centrated in the bottom salt phase in Ucon—g)$0,

2.6. Copolymer recycling

of the total copolymer was added in each recycling. system at 22C, as shown irFig. 2 The reciprocal of the
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Fig. 1. Phase diagram at 3G (a) and binodals at 22, 30 and 4D (b) for the system Ucon—(NphSOy.
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Fig. 3. Partitioning of endo-PG in Ucon—PVA 10,000 and Ucon—-PES100
Fig. 2. Partitioning of endo-PG and total protein in Ucon—-@$Oy systems at 22C.
system at 22C.

and total protein does not differ largely, which makes these

partitioning coefficient increases with increasing polymer systems of no actual use in the enzyme purification.
and salt concentrations and can go up to 250. The partition-

ing of total protein from the fermentation broth of strain 3 3 Eytraction of endo-PG

CCT3172 was also measured and is showrFig. 2 It

was found that the reciprocal of partitioning coefficient of 3.3.1. Characterization of extraction procedure on
total protein is kept constant at about 14 for phase SyStemSUcon—(Nl-h)ZSQ ATPS

ranging from 15.2% Ucon-5.4% salt to 18.8% Ucon—7.0%
salt (tie-line length is from 22 to 40%). The difference in
partition coefficient between enzyme and total protein still
showed the possibility of enzyme purification using the
Ucon—(NH,;)2S0Oy system.

Laboratory-scale aqueous two-phase extraction experi-
ments were performed to determine the separation efficiency
and find optimized operation conditions for the endo-PG
recovery from the fermentation supernatant. Three agueous
L - . . two-phase systems at 22, 30 and°@were selected to

In addition to the enzyme partition <.a>_<pe.r|ments In perform the extraction experiments. These systems, either
Ucon—(NH);S0, system at 22C, the partitioning coef- using recycled or fresh polymer, have similar tie-line length

ficients of endo-PG and total protein from a fermentation ( .

. . about 28%) and phase volume ratio (5-7). The phase vol-
broth of strain CCT3172 in U_con—( bSO, system ‘fit 30 ume ratio was defined as the volume ratio of polymer-rich
and 40°C were also determined and compared with each phase to salt-rich phase

other inTable 1 As shown in this table, increasing temper- * 11 formentation supernatant from the production of

aturg sl!ghtly increases the values oKd/and 1K, when strains CH4-1, CCT3172 and CHO-1 were used for the ex-
the tie-line lengths of the systems were kept nearly at thetraction experiments at 22 and 30. Glucose, sucrose or
same level. o .. molasses cane were used as the carbon source. The sugar
As to the partitioning of endo-PG and total_ prote!n N concentration was either 10 or 30 g/l (in the case of molasses
Ucon-PES100 and Ucon—PVA 10,000, ShOV.V!F'g' 3 el- cane, 10 g/l represents the sucrose concentration). AC40
ther endo-PG tends to be more equaIIy.part.moned betWeenonly one extraction experiment was done. In this case, the
the top and bottom phases, or the partitioning of endo-PG fermentation supernatant was from strain CCT3172 using
109/l glucose as carbon source. All separation results, as

Table 1 well as the fermentation supernatants and phase systems
Effect of temperature on the partitioning of endo-PG and total protein used for each extraction experiment, were summarized in
Temperature System Tie-line length Ko  1/Kp Table 2 The percentage of endo-PG enzyme in total protein
() of the supernatant, analyzed by gel filtration as described
22 27.6% Ucon-3.2% salt  29.8 201 140 by Schwan et all4], was also given.

30 27.0% Ucon-2.4% salt  27.7 215 145 As can be seen ifiable 2 after the first extraction step,

40 29.5% Ucon-1.4% salt  30.1 272 156 any of the three aqueous two-phase system tested, an




Table 2

Summary of separation results by Ucon—(N$SOs aqueous two-phase extraction

Fermentation supernatant Aqueous two-phase system After aqueous two-phase extraction (ATPE)

Strain Substrate Volume Activity Protein Content Ucorf! (NH4)2SOy Temperature Enzyme-rich ~ Volume Activity Protein Concentration

(a/l) (ml) (u/ml) (mgfl) (%) © (wt.%) (Wt.% ) (°C) phase (ml) recovery (%) recovery (%) facto®

CH4-1 Glucose (30) 55.7 5.13 42.4 5510 27.6 (0) 3.0 22 Bottom 11.6 98.7 745 4.8

CCT3172 Glucose (10) 52.5 0.52 13.3 4510 27.6 (2) 3.0 22 Bottom 12.3 99.5 71.7 43

CHO-1 Molasse (10) 55.7 0.86 NA NA 27.6 (0) 3.0 22 Bottom 14.0 97.9 NA 4.0
Second ATPE stép Bottom 12.8 95.6 NA 4.4

CH4-1 Glucose (30) 56.7 5.13 42.4 3510 27.0 (0) 2.2 30 Top 12.3 97.3 74.2 4.6

CCT3172 Glucose (10) 53.4 0.59 12.7 4510 27.4 (3) 21 30 Top 9.7 97.1 72.2 55
Second ATPE stép Top 10.8 95.8 60.2 4.9 (1.6)

CHO-1 Sucrose (10) 53.4 3.40 20.0 8010 27.0 (4) 2.2 30 Top 12.2 97.4 85.0 4.4
Second ATPE stép Top 14.3 95.6 79.8 3.7 (1.2)

CCT3172 Glucose (10) 57.2 0.55 12.4 4510 27.3 (0) 1.3 40 Top 145 99.0 76.0 3.9

2The total solution is 100g.

bIn the case of molasses cane 10 g/l represents the sucrose concentration.

¢The content is the percentage of enzyme in total protein by gel filtration.

4 The number in bracket is the number of polymer circulations, “0” denotes that the polymer is used for the first time, “1” for the first recycled palyswegran
€The concentration factor is accumulative and the data in bracket are purification factors after two steps of ATPE.

fIn the second ATPE step, the same volume of a fresh polymer-rich phase is mixed with the salt-rich phase of the first ATPE step.
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enzyme recovery of more than 97% and a concentration fac-polymer concentration of 25—-35% and a salt concentration
tor, defined as the ratio between the volume of fermentation lower than 2.5%. Raising the temperature of this Ucon-rich
supernatant used and the volume of enzyme-rich phase, ofphase to 80C, a new ATPS is formed. The newly formed
4—6 can be obtained. The enzyme recovery and the concencon-rich phase has a copolymer concentration of 83—87%
tration factor are little affected by the operation temperature, and salt concentration of less than 0.2%. Also, any small
the use of recycled polymer, the fermentation supernatantamount of impurities from the fermentation broth, such as
source (different strains and substrates), and the enzymaealcohol, salt, enzyme and other protein remaining in the
concentration (from 0.5 to 5U/ml). As for the recovery Ucon-rich phase has little influence on the final concentra-
of total protein and the purification factor, the results are tion of the recycled Ucon phase after thermoseparation. Ex-
strongly dependent on the enzyme content of total protein in periments showed that these impurities caused a maximum
the original fermentation supernatant. For example, for the deviation of 1-2% in the concentration of recycled Ucon
fermentation supernatants produced by strains CH4-1 andwhen comparing with the case of impurities free. Up to 95%
CCT3172, with a similar enzyme content in total protein of the total Ucon in a primary extraction can be recycled.
(about 50%), a protein recovery of 72-76% could be ob-

tained in one extraction step. As enzyme purification needs 3.3.3. Separation scheme for endo-PG recovery

further improvement, the introduction of a second extraction  Laboratory-scale separation experiments have shown the
step is required. As also shownTable 2 with two extrac- efficiency in separating endo-PG by two in series aqueous
tion steps, the recovery of total protein is 60% for the fer- two-phase extraction (ATPE) steps. Based on these data, a
mentation supernatant produced by strain CCT3172 in 10 g/l separation scheme for the enzyme recovery was proposed,
glucose, very close to the initial enzyme content (about 50%) as shown irFig. 4.

in the original supernatant. In the case of fermentation su- The scheme consists of three main stages. In the first stage,
pernatant produced by strain CHO-1 in sucrose, two steps ofthe fermentation broth was concentrated about five-fold and
extraction lead to a protein recovery to 80%, nearly the samepartially purified using one ATPE step in 27% Ucon-2.2%
as the enzyme content in the original supernatant. These(NH4)2.SO4 ATPS with a phase volume ratio of about 6.

results demonstrate the usefulness of Ucon—ANEO, The operating temperature was 3 The top enzyme-rich
aqueous two-phase systems for the purification of extra salt phase was pumped to the second extraction step, while
cellular enzymes produced by yeast fermentation. the bottom polymer-rich phase was heated t6@®or ther-

The laboratory-scale extraction experiments can also bemoseparating the copolymer from water and other impu-
used to select an optimized aqueous two-phase system forities. The thermoseparated copolymer was then recycled
the endo-PG recovery. Since the separation efficiency is notwithin this stage. About 5% of the total Ucon polymer
significantly affected by the phases composition and tem- needed in this stage should be added to compensate the poly-
perature of the system, the selection of the optimal aqueousmer loss.
two-phase system can be done based on the simplicity of the The second stage is similar to the first one, but the
operation and the economics of the process. Noting that: amount of fluid greatly decreased due to the concentration

that occurred in the first stage. Polymer and fresh water

(1) the optimized fermentation process was usually operatedwas also added to make the final compositions of the sep-
at 30°C; arating system. No salt is added in this second stage. The

(2) the higher the temperature, the less the salt concentratop enzyme-rich phase from the first stage was thus fur-
tion for constructing the phase systems, and the higherther concentrated about 2.5-fold and purified again into a
asymmetric the phase diagram which will cause diffi- salt-rich phase, while the copolymer is again heated for
culties in extraction operation; thermoseparation and recycling.

(3) the enzyme-rich salt phase becomes the top phase forthe The third stage is the refining process. The top fluid from
system operated at 30 and 4D, making easier the sep- the second stage was mixed with a small amount of fresh
aration of endo-PG from some solid impurities, which polymer (for the purpose of easy phase splitting) and heated
usually precipitate in the bottom of the separator; to 40°C, allowing for phase separation to occur. After cen-

(4) the aqueous two-phase system at@phaving a tie-line trifugation, the top enzyme-rich phase, which has a low
length of 28 % and a phase volume ratio of 5—7, can be polymer concentration (about 0.5%) was collected and then

selected as the best one. dialyzed to remove the salt. The purpose of this third stage
is mainly to remove most of the phase-forming polymer and
3.3.2. Polymer recycling salt, so that the concentrated and purified enzyme solution

Ucon 50-HB-5100 is a thermoseparating copolymer in can be directly used in food industry. For the two first stages,
water. Above 47C, Ucon aqueous solution containing the time required for the enzyme to be extracted is about
10-40% copolymer can form a two-phase system with most half an hour for each stage. In the third stage only 10 min are
of the Ucon concentrated in the bottom phase. required. This means that the total time needed for the con-

Experiments have shown that the polymer-rich phase centration and purification of endo-PG using the described
from an adequate Ucon—(NppSO, system should have a  process takes about 1.5h.
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Fig. 4. Schematic view of the proposed separation scheme for endo-PG recovery. The data in bracket are phase compositions, and others are the amount:
of fluid.

In order to verify the feasibility of the scheme, one test enzyme was concentrated 13.4-fold, while maintaining 96%
experiment was done. The volume (528 ml) of fermentation of the initial enzyme activity.
supernatant, as well as the phase compositions and other The attractiveness of Ucon—(NBSO, ATPS for
operation conditions used in each stage, were shown in theendo-PG purification is reinforced by the small amounts
schemeFig. 4). The supernatant used was obtained from a of Ucon (13.1g) and salt (17.6g) consumed during the
CHO-1 fermentation using 75 g/l sucrose as carbon source.exemplified extraction process.
The initial enzyme activity was 11 U/ml and protein concen-
tration was 62.4 mg/l. After the first two extraction stages,
38 ml of a salt-rich phase was obtained, containing an en-4. Conclusions
zyme activity of 147.4 U/ml and a protein concentration of
692 mg/l. In the third stage, no losses in enzyme activity = Thermoseparating aqueous two-phase systems con-
and protein were observed. So, after these three stages ofaining the Ucon 50-HB-5100 polymer were tested for
agueous two-phase extraction in Ucon—-Q4$50, ATPS, the purification of endo-polygalacturonase produced by
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Kluyveromycesyeast fermentation. From the tested Sys- [6] P.A. Albertsson, Partitioning of Cell Particles and Macromolecules,
tems: Ucon 50-HB-5100—polyvinyl alcohol (10,000), Ucon 3rd ed., Wiley, New York, 1986.
50-HB-5100-hydroxypropyl starch (Reppal PES100) and [71D- Fisher, "/T.' S_“thef'a”d'” S?plarationz U.Si”ghAqlueousl Phase
Ucon 50—HB—51QQ—(NIzﬂ)2804, the !ast one was fou.nd to i"r’;im;exp&;rcf tfggg'_n Cell Biology and Biotechnology, Plenum
be the most efficient as enzyme, in comparison with total [g] v.-T. wu, M. Pereira, A. Veancio, J. Teixeira, Recovery of endo-
protein, strongly partitioned to the salt-rich phase. polygalacturonase using polyethylene glycol-salt aqueous two-phase
Endo-PG purification experiments carried out with the extraction with polymer recycling, Bioseparation 9 (2000) 247-254.
Ucon—(NH:)>S04 ATPS with different fermentation super- [9] Y.-T. Wu, M. Pereira, A. V_eﬁncio, J.A. Teixeira, Separa_lt_ion_ of
. . . endo-polygalacturonase using agueous two-phase partitioning, J.
natants Qemon_strated that the separation efﬁue_ncy of the Chromatogr. A 929 (1-2) (2001) 23-29.
process is little influenced by the type of fermentation broth, [10] F.E. Bailey, J.V. Koleske, Poly(ethylene oxide), Academic Press,
operation temperature (although phase inversion occurs at  New York, 1976.
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