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Abstract

Aqueous two-phase systems (ATPSs) formed by spontaneous phase separation of different water-soluble polymers are bio-compatit
Aqueous two-phase electrophoresis, coupling traditional solvent extraction with electrophoresis, is a novel separation technique al
provides a successful method for separating mixtures of biomolecules. In this work, the selective recovery of amino acids by aqueot
two-phase electrophoresis was examined with dextran—polyethylene glycol-water as a working system. The experiment results show t
glutamic acid can be separated from phenylalanine and tryptophan successfully. The influences of the electrophoresis time, field streng
and phase volume ratio were studied in an intermittent separation equipment. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction With these improvements, TPE provides stability against
convection mixing and enables product to be isolated.
Aqueous two-phase systems (ATPSs) are formed by Aqueous two-phase electrophoresis (ATPE), as its name
spontaneous phase separation of different water-solubleimplies, integrates aqueous two-phase separation with elec-
polymers such as polyethylene glycol (PEG) and dextran trophoresis. Although the two phases are electrically con-
(DEX). Such partitioning systems have many desirable ductive, few applications with electric field imposed on these
characteristics. Composed mainly of water, they are biolog- systems have been made. Levine and Bier [7] have studied
ically friendly; amino acids may be stabilized by the phase the electrophoretic mobility of a protein in an ATPS by using
forming polymers, and rapid intraphase transport allows a U-tube electrophoresis device, and they noted an impedi-
for short processing time [1-3]. In addition, the process is mentto electro-separations by applying a field to the system.
easily scalable and can be operated continuously [4]. Marando and Clark [8,9] have used the DEX-PEG-water
Two-phase electrophoresis (TPE), coupling traditional ex- system to separate mixtures of hemoglobin and albumin. The
traction with electrophoresis, is a novel separation method experimental result shows a significant improvement on the
[5]. The TPE technique is similar to electrophoresis and elec- separation obtained by partitioning in the same two-phase
trodialysis on one hand, and to traditional extraction on the system with no applied field under the same conditions.
other. In this technique, there are two distinct liquid phases In previous research, our laboratory examined the sepa-
within the separation device to nullify the harmful effects ration effect of organic acids [10,11] and dyestuffs [12,13]
of convection. One of the phases contains the mixture to by TPE. From these studies, it can be shown that purifica-
be separated and the other acts as a solvent to remove thon can be enhanced with electric field applied comparing
components separated [6]. An electric field perpendicular to with traditional extraction. Investigations on the purification
the phase interface is imposed on the system, so oppositelyof single amino acid by ATPE were also done. The conclu-
charged particles should move into different phases. With sion can be safely drawn that ATPE is very effective for the
the migration of the charged particles, the original partition separation and purification of charged molecules, such as

balance can be changed and hence the separation is effecte@mino acids.
Amino acids are amphoteric and have net charges when

pH of the solution is not equal to their isoelectric points. Itis
* Corresponding author. Fax:86-1062770304. known that amino acids will be positively charged when pH
E-mail addressgsluo@mail.tsinghua.edu.cn (G.S. Luo). value is lower than their isoelectric points, or else charged

1385-8947/01/$ — see front matter © 2001 Elsevier Science B.V. All rights reserved.
PIl: S1385-8947(00)00239-4



56 S.L. Zhai et al./Chemical Engineering Journal 83 (2001) 55-59

negatively. Consequently, amino acids can be charged differ-volume ratio (bottom phase/top phase) is 3. The electrodes
ently by controlling pH of the solution at a specified value are inserted into different phases. The electric field strength
and will move into different phase with electric field applied. is determined by the output voltage of the electrophoresis
In this study, we have examined the selective recovery of instrument DYY-III.
amino acids by ATPE. The selective recovery of amino acids  For each experimental run, the ATPS’s pH is adjusted
by this new technique was investigated in DEX-PEG—-water with the buffer of 0.12N NaAc and 1.6 N HAc. The pH
system. The influence of factors such as separation time,value of the buffer is 3.6. The amino acids are separated
field strength and initial solute concentration was studied by traditional solvent extraction at first, i.e., to partition the
in an intermittent separation equipment. The principle of solutes in the ATPS by shaking for 12 h and settling enough
separating amino acids by ATPE was discussed at the samgime (2 days) with no electric field applied. The clarified top
time. phase and bottom phase are isolated by an extraction funnel.
The recovery of the amino acids by conventional extraction
can be obtained by analyzing the concentration of the extract
2. Materials and methods phase before electrophoresis. Then some volume (12 ml) of
bottom phase is introduced into one leg of the U-tube, and

Glutamic acid, tyrosine, phenylalanine and tryptophan 4ml'top phase is loaded into thg other. The electric field. i's
were purchased from Chinese Medicine, 6000 average2PPlied as soon as the system is loaded. Under a specified
molecular weight PEG was from Tianjin Xinya Industry and voltage and different time, concentrations of thg top phase
Trade Corporation and 185,000 average molecular weight2nd bottom phase are analyzed by HPLC. The influence of
DEX was obtained from Sigma Chemical. Deionized water time on the effective partition coefﬁqent aqd recovery ratio
was prepared in our laboratory. All other chemicals were & be calculated by the concentration of different time. Thg
of analytical grade. ATPSs were prepared by adding 8.0g influences o_f other factors _such as voltag_e anq v_olume ratio
DEX and 8.5g PEG to 100 ml water. The initial pH of the can be obtained by analyzing concentration similarly.
systems was about 6.8.

The concentration of amino acids was determined us- , .
ing HPLC. A C18 reverse phase column, 200 mm long and 3- Results and discussion
2.1 mm in diameter, was employed. Mobile phase was com- o
posed of 20 mM sodium acetate, 0.018% TEA, pH 7.2, 0.3% 3:1. Influence of electric field on two aqueous phase
THF. A small volume of sample solutions was introduced €léctrophoresis
into a fluid flow by using a sample injector. The concentra-
tion of the sample in effluent was monitored with an ultra- ~ Some spectrograms of HPLC are reported here to prove
violet detector. that no new component was produced during the separation

The experiment apparatus is shown in Fig. 1. The main by ATPE. Figs. 2-5 show the effect of separation was im-
equipment, U-tube, is made of glass and its inner diameterProved with electric field applied undoubtedly. The peaks
is 10 mm. Using U-tube, rather than a straight tube, could in the spectrograms are of glutamic acid, tyrosine (chosen
avoid the bad effect of convection mixing, brought out by as a referential amino acid in quantitative analysis), pheny-
the electrolysis gas bubbles. In order to control the exper- lalanine and tryptophan, respectively. The results without
iment temperature at 28, water-bath is used to remove
the heat produced by the electrode reactions. The two elec- VWA Wonlrghe28m 10880
trodes are made of platinum wire of 0.5mm in diameter, |
and the distance between the two electrodes is 10cm. The
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Fig. 1. Intermittent TPE apparatus. Fig. 2. Spectrogram of top phase before electrophoresis.
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Fig. 3. Spectrogram of bottom phase before electrophoresis. 0 2 ' § i I -

Fig. 5. Spectrogram of bottom phase after electrophoresis.
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3.2. Influence of time

With volume ratio (top phag®ottom phase= 1/3),

60 V/cm applied, experiments were conducted by changing
the electrophoresis time. The influence of the electrophore-
sis time on the separation effects of amino acids can be
obtained by analyzing the concentrations under different
time.

The experimental results are shown here in terms of con-
centration, an effective partition coefficient and recovery ra-
tio. Several terms must be defined before discussing these
results. The effective partition coefficier, is defined as
the concentration of a species in the extract phase divided by
that in the other phase after a specified field was applied for

a specified time. The recovery ratio is defined as the percent
2 ‘ : ’ 0 ™ of the total amino acid in the feed recovered in the extract
phase. Results of standard partitioning experiments in the
absence of an applied electric field, indicated by the values
attime is zero, are presented in these figures for comparison
with the ATPE.
electric field are shown in Figs. 2 and 3 where it can be seen  Figs. 6-8 show that the separation was improved obvi-
that the three amino acids distribute almost evenly in two ously with increasing time as indicated by the values of
phases before electrophoresis under these conditions. It carroncentration and effective partition coefficients. Fig. 6 in-
also be seen that upon application of field, amino acids candicates that glutamic acid concentrated further in the bot-
be directed into either the top or the bottom phase, i.e., se-tom phase while phenyalanine and tryptophan concentrated
lective recovery of amino acids can be obtained by ATPE. in the top phase. It can also be seen from Figs. 7 and 8 that
The reason for this phenomenon is that the pH value of the the effective partition coefficient of glutamic acid decreased
system is 3.90, which is larger than the isoelectric point from 0.96 to 0.34, and 90% glutamic acid was enriched in
of glutamic acid and lower than that of phenylalanine and the bottom phase after 240 min. Under the same conditions,
tryptophan. During the experiment, the anode was insertedthe effective partition coefficients of phenylalanine and tryp-
into the bottom phase and the cathode into the top phasetophan increased from 0.60 to 1.99 and from 0.58 to 2.36,
Consequently, amino acids that was charged differently andrespectively, and more phenylalanine and tryptophan were
moved into different phases in a specified external electric focused in the top phase.
field, i.e., glutamic acid moved to the bottom phase while  The explanation for this phenomenon is that with the cath-
phenylalanine and tryptophan moved to the top phase. ode inserted into the upper phase, more time in the applied
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Fig. 4. Spectrogram of top phase after electrophoresis.
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Fig. 6. Influence of time on the concentration.
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Fig. 7. Influence of time on the effective partition coefficient.
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Fig. 8. Influence of time on the recovery ratio.

3.3. Influence of electric field strength

With other conditions unchanged, experiments were also
conducted by changing the electric field strengths. The in-
fluence of the electric field strength on the separation effects
of amino acids can be obtained by analyzing the concentra-
tions under different electric field strengths.

The Run | of Table 1 shows the results in the absence of
the electric field. Comparison of Run Il with Run Il indi-
cates the effect of increasing electric field strength on the
separation of amino acids. It can be seen that with volume
ratio (top phasghottom phase= 1/3), 60 V/cm applied for
300 min, nearly all glutamic acid concentrated in the bot-
tom phase. Under the same conditions, the effective parti-
tion coefficients of phenylalanine and tryptophan increased
from 0.83 to 2.53 and from 0.89 to 2.64, respectively, in-
dicating that more and more phenylalanine and tryptophan
concentrated in the top phase.

The explanation for this phenomenon is that the larger
voltage leads to the stronger force of the charged particles
in electric field, and hence the solutes are easier to over-
come the impeding of the interface to enter into another
phase. Meanwhile the impetus for amino acids to move in
each phase is increased too. Consequently, there are more
solutes transferring across the interface and the recovery
ratio is improved.

3.4. Influence of volume ratio

With the other experimental conditions unchanged, exper-
iments of different phase volume ratios were conducted. The
influence of phase volume ratios on the separation effects of
phenylalanine and tryptophan can be obtained by analyzing
the concentrations of different phase volume ratio.

The results shown in Table 2 demonstrate that the top
phase concentration and effective partition coefficient of glu-
tamic acid decreased with the electric field applied, while
that of phenylalanine and tryptophan increased significantly.
It can also be seen that the recovery of the desired amino
acid was improved with the phase volume ratio increased.

Comparison of system Il with system Il indicates that the
difference of phase volume ratio did not make the effective
partition coefficients change much when a specified electric
field was applied for enough time. The main reason for this
is that with a specified electric field and enough separation
time allowed, a balance partition of amino acids in the work-
ing system can be achieved, which also has been proved by
work with other systems in our lab. The amino acids hav-
ing crossed the interface stay mainly near the interface and
hence the concentration of amino acids near the interface

field allowed more of the negatively charged amino acids increases with time. So an inverse electric field will form
to move across the phase interface into the bottom phasewith increasing time, which will counteract the migration of
and positively charged into the top phase. Consequently, foramino acids. Furthermore, the higher concentration near the
a given velocity of each amino acid molecule, longer time interface of the top phase facilitates the inverse concentra-
would allow more amino acid to move far enough to cross tion diffusion, and hence there are less amino acids across

the interface.

the interface. Therefore, the effective partition coefficients
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Table 1

Influence of electric field strength on the separation process for Glu, Phe and Trp

Run Field (V/icm) Time (min) Concentration (ppm) K (=) Recovery (%)

Glu Phe Trp Glu Phe Trp Glu Phe Trp

| Top phase - - 260.5 106.9 15.0 1.05 0.83 0.89 74 22 23
Bottom Phase 247.4 128.8 16.9

Il Top phase 40 300 169.9 212.0 26.8 0.52 2.03 2.27 85 40 43
Bottom Phase 329.5 104.3 11.8

I} Top phase 60 300 - 231.7 28.0 ~0 2.53 2.64 100 46 47
Bottom phase 354.5 91.2 10.6

Table 2

Influence of volume ratio on the separation process for Glu, Phe and Trp

Rurf Field (V/icm) Time (min) Concentration (ppm) K () Recovery (%)

Glu Phe Trp Glu Phe Trp Glu Phe Trp

| Top phase - - 222.1 93.2 8.7 0.89 0.91 0.92 - - -
Bottom phase 248.8 102.4 9.5

Il Top phase 60 300 129.3 213.0 19.3 0.44 3.09 3.60 87 51 54
Bottom phase 296.4 68.9 5.36

I Top phase 60 300 142.6 158.0 14.4 0.42 3.95 3.56 76 75 73
Bottom phase 338.5 40.0 4.05

aSystem |: system in absence of the electric field; system II: system with the phase volume ratio 1/3; system IlI: system with the phase volume ratio 3/
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