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Partitioning of Canavalia brasiliensis Lectin in Polyethylene
Glycol – Sodium Citrate Aqueous Two-Phase Systems

Kelany S. Nascimento,1 A. M. Azevedo,1 B. S. Cavada,2 and M. R. Aires-Barros1
1Institute for Biotechnology and Bioengineering (IBB), Centre for Biological and Chemical
Engineering, Instituto Superior Técnico, Lisbon, Portugal
2Biochemistry and Molecular Biology Department, Federal University of Ceará (UFC),
Fortaleza, Ceará, Brazil

The partitioning of Canavalia brasiliensis (ConBr) lectin from
Canavalia brasiliensis seeds was carried out in aqueous two-phase
systems composed of polyethylene glycol (PEG) and sodium citrate.
The effect of PEG molecular weight (600, 1000, 2000, and 3350),
pH (6.0, 7.0, and 8.0) and ionic strength (0, 2, 5, and 10% NaCl)
on the partition behavior of ConBr in ATPS was systematically
investigated. Liquid-liquid equilibrium data for the PEG
600-sodium citrate system at pH 6.0, 7.0, and 8.0 were determined
at 25�C. The effect of the pH on the position of the binodal curves
was not significant, but it had a strong influence in the partitioning
of the ConBr. An increase in the NaCl concentration significantly
favored the partitioning of ConBr to the top phase, probably due
the dehydration of the protein molecules triggered by high ionic
strength. The best system for purification of ConBr was composed
by 17.54% PEG 600, 15.14% sodium citrate, 5% NaCl at pH
8.0 with recovery yield 70% and 98% purity. This system was
found suitable for the recovery of ConBr, since it not only allowed
the partitioning of the lectin towards the PEG-rich phase but also
the concentration of contaminants in the salt-rich phase.

Keywords aqueous two-phase systems; Canavalia brasiliensis;
lectin; polyethylene glycol; sodium citrate

INTRODUCTION

Plant lectins are known as carbohydrate reversible
binding proteins and possess the ability to agglutinate cells
or to precipitate polysaccharides and glycoconjugates (1).
Due to their specific binding properties, lectins can be
considered important biotechnological tools with wide
applications including blood group typing, erythrocyte
polyaglutination, lymphocyte subpopulation characteriza-
tion, and histochemical evaluation of healthy and patho-
logical conditions. Lectins are also recognized as dynamic
contributors to differentiate malignant tumor cells

from benign cells, being associated with events such as
metastasis glycosylation, cell adhesion and localization,
signal transduction across membranes, mitogenic stimu-
lation, host immune defense potentiation, cytotoxicity,
and apoptosis (2,3).

Legume lectins are one of the most extensively studied
plant lectin families, in particular the family Leguminosae,
subtribe Diocleinae due to its molecular basis of the protein–
carbohydrate interaction. Among these lectins, Canavalia
brasiliensis (ConBr) is a typical Diocleinae lectin which entails
mannose=glucose-binding specificity and its monomer con-
tains 237 amino acid residues and most arranged in two large
anti-parallel b-sheets. Its multimeric structure is made up of
identicalmonomers of 25.5 kDa, and it characteristically exhi-
bits pH-dependent dimer-tetramer equilibrium, displaying a
mixture of dimers (31%) and tetramers (69%) even at pH
8.5. It is a metalloprotein requiring divalent ions (Ca2þ and
Mn2þ) to exhibit full biological activity (4).

In the past few years, several hundred of these proteins
have been purified and characterized in detail, taking into
consideration their biochemical properties, sugar-binding
specificities, and several biological activities, including
anti-tumor, antifungal, and antiviral activities (3,5,6).

The methods used involved usually an ammonium precipi-
tation, followed by ionic and affinity chromatographic steps
and a final protein concentration step (7). Chromatographic
methods can be time-consuming and expensive, leading to
the loss of biological activity and a poor yield of the entire
process. The affinity chromatography maintenance is a hardy
task when plant crude extracts are loaded into columns
because such samples contain pigments, oily components,
proteolytic enzymes and other complex substances which
could damage the column and impair the purification (8).

Therefore, due to the great importance of the lectins in
the biological and medical field, it is essential to develop
new purification methods which are more economical and
selective, that can handle high contents of solids and com-
plex substances, and allow process integration.
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Aqueous two-phase systems (ATPS) have been success-
fully used in the partition and the purification of human
antibodies (9,10), whey proteins (11), amylases (12), amino
acids and peptides (13,14), and nucleic acids (15), among
many other biomolecules, due to their advantages over tra-
ditional methods. One of the main advantages is the high
water content in each phase (between 80–90%), which pro-
vides a suitable environment for the preservation of bio-
logical activity. Additionally, the low interfacial tension,
which facilitates the migration of biomolecules through
the interface, the easy scale-up, the possibility of processing
high content of solids and integrate separation and concen-
tration in just one step, turns this technique particularly
attractive for biomolecules purification (16,17).

The present work proposes a new methodology for the
purification of ConBr, extracted from the Canavalia brasi-
liensis seeds based in ATPS of polyethylene-glycol (PEG)
and citrate salt. Citrate salt will be used as an alternative
to phosphate salt commonly used in ATPS since citrates
are biodegradable and non-toxic and can be discharged
into biological wastewater treatment plants.

EXPERIMENTAL

Chemicals

Analytical grade polyethylene glycols (PEGs) with
molecular mass average of 600, 1000, and 2000 were pur-
chased from Fluka (Buchs, Switzerland). However, PEG
3350, citric acid monohydrate, trisodium citrate dihydrate,
and sodium chloride (NaCl) were obtained from Sigma
(St. Louis, MO, USA). Polymers were used without further
purification. Ultrapure water for the experiments was
obtained from a Milli Q-system. Finally, crude extracts
and the lectin from Canavalia brasiliensis seeds were kindly
provided by Biologically Active Molecule Laboratory
(BioMol-Lab=UFC) from the Federal University of
Ceará-Brazil.

Aqueous Two-Phase Diagrams

The determination of the binodal curve was carried out
by the turbidimetric titration method (18). Stock aqueous
solutions of PEG of 50% (w=w) and sodium citrate of
35% (w=w) were prepared from known quantities of the
polymer and salt, respectively. The pH of the sodium
citrate stock solutions was adjusted to 6.0, 7.0, and 8.0,
by the addition of appropriate quantities of citric acid
35% (w=w). Small aliquots of the sodium citrate stock
solution, approximately (0.01 to 0.05) g, were added to
1 g polymer stock solution in a glass tube until the solution
became turbid, which was indicative of the formation of a
second liquid phase. After the equilibrium was achieved,
the two phases became clear and transparent, and the inter-
face became well defined. The mixture composition was
determined using an analytical balance at 25�C to measure

the weight. For the tie lines determination, at least a series
of ATPSs of four different known total compositions were
prepared in graduated glass tubes and placed in a thermo-
static bath at 25�C. The equilibrium phase composition
and tie-line length (TLL) of the PEG 600-sodium citrate
systems are shown in Table 1. The biphasic systems were
prepared weighted, using an analytical balance with a pre-
cision of �0.0001 g. Samples from the top and the bottom
phases were collected, by syringes. The polymer concen-
tration in both phases was determined by refractive index
measurements performed at 25�C using a refractometer
30PX from Mettler Toledo (Greifensee, Switzerland) and
the concentration of citrate was determined using a
conductivimeter from Oaklon Instruments. The TLL was
calculate by Eq. (1):

TLL ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½DPolymer�2 þ ½DSalt�2

q
ð1Þ

where [DPolymer] is the difference between PEG concen-
tration in the two phases and [DSalt] is the difference
between salt concentration in the two phases.

Protein Partitioning in Aqueous Two-Phase Systems

Partitioning of ConBr protein from Canavalia brasilien-
sis crude extracts seeds was carried out in PEG (600, 1000,
2000, 3350)-sodium citrate systems. The partition experi-
ments were performed at different pH levels, molecular

TABLE 1
Phase compositions for the PEG 600=sodium citrate=water
system at 25�C, pH 6, 7, and 8. Concentrations expreseed

in % (w=w)

Total
composition

Top
phase

Bottom
phase

Tie-line Citrate PEG Citrate PEG Citrate PEG TLL

pH 6.0
1 17.53 20.31 4.44 40.65 30.26 1.83 46.6
2 16.69 19.34 5.44 37.16 27.61 3.16 40.6
3 15.89 18.41 7.30 32.12 24.82 4.95 32.2
4 15.14 17.54 10.30 25.49 19.96 10.01 18.2

pH 7.0
1 17.52 20.31 4.09 41.20 30.40 0.09 48.8
2 16.69 19.34 5.16 37.38 28.03 0.65 43.3
3 15.90 18.42 6.60 33.07 25.38 1.67 36.6
4 15.14 17.54 9.32 26.32 21.87 5.23 24.5

pH 8.0
1 17.53 20.31 3.82 41.86 29.15 2.71 46.6
2 16.69 19.34 4.78 38.28 27.04 3.36 41.4
3 15.90 18.42 6.15 34.17 24.58 4.69 34.8
4 15.16 17.54 8.26 28.42 21.03 8.03 24.1
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weight, and NaCl concentrations at constant temperature
(25�C). Initially the concentrations of NaCl investigated
were 0, 5, and 10% and taking into account the results
obtained it was decided to study the region between 0%
and 5% NaCl using 2% NaCl.

Phase systems were prepared in 15ml graduated centri-
fuge tubes by weighting appropriate amounts of PEG of
desired molecular weight and of sodium citrate from stock
solutions and filling in with water, until a final weight of 5 g
was achieved. On the other hand, for the systems with
sodium chloride, the powdered salt was directly dissolved
into the systems. The amount of extract added to these sys-
tems was 5mg and the contents were thoroughly mixed.

After the mixture was prepared, the systems were centri-
fuged at 3000� g for 10min (Eppendorf, Hamburg,
Germany). Afterwards the tubes were brought into equilib-
rium in a thermostatic bath at 25�C for 12 hours. Finally,
the volumes of the top and bottom phases were measured
and the samples from each solution were collected using
a syringe to determine the protein concentration. It was
necessary to dilute the samples due to the high viscosity
of the polymer solution.

The ConBr partition coefficient was defined as the ratio
of equilibrium concentration of the protein in the top phase
[C]top and in the bottom phase [C]bottom,

K ¼
½C�top

½C�bottom
ð2Þ

The recovery yield of ConBr in the top phase (YC) was
defined as the ratio between the mass of ConBr in the
top phase and the total mass of ConBr added to the system
expressed in percentage

Y ¼ mConBrTop
mConBrTotal

� 100% ð3Þ

Purity (P) was defined by ratio of the area of the ConBr
peak to the total area of the chromatogram subtracted by
the total area of the blank chromatogram. All partitioning
experiments were carried out in duplicate.

Size Exclusion Chromatography (SEC)

The purity and the concentration of both phases was
evaluated by size exclusion chromatography (SEC) using
a TSK-GEL Super SW3000 column (30 cm� 4.6mm
I.D., 4 mm) and a TSK-GEL super SW guard column
(3.5 cm� 4.6mm I.D.) from Tosoh Bioscience (Stuttgart,
Germany). Samples from both phases were diluted at least
10 times in SEC buffer and run in isocratic mode at
0.35ml=min with 20mM sodium phosphate buffer at pH
7.0 with 150mM NaCl for 25min. Absorbance was
monitored at 215 nm.

RESULTS AND DISCUSSION

Phase Diagram for the PEG 600-Sodium Citrate Systems

Phase diagrams for the PEG 600-sodium citrate system
at pH 6.0, 7.0, and 8.0 at 25�C were obtained in order to
define the best system for ConBr selective extraction. Four
tie-lines were chosen for each pH value, according to the
data shown in Table 1. Figure 1 presents the phase dia-
grams obtained for the PEG 600-sodium citrate system at
pH 6.0, 7.0, and 8.0 at 25�C. The influence of pH on the
binodal curves of PEG-citrate systems was also analyzed,
in order to understand if ConBr partitioning could be
affected by binodals displacement. Figure 2 shows the

FIG. 1. Liquid-liquid equilibrium diagrams for PEG 600-sodium citrate

ATPS, (a) pH 6.0, (b) pH 7.0, and (c) pH 8.0 at 25�C.
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effect of the pH values, varying from 6.0 to 8.0, on the
binodal curves. For the three pH values tested the binodals
obtained were almost coincident, and thus the displace-
ment of binodals was considered negligible at the pH
values tested.

Effect of PEG Molecular Weight and pH on
Lectin ConBr Partitioning

This study was carried out using phase systems formed
by 17.54%w=w PEG 600 15.54%w=w sodium citrate. For
the higher tie-line lengths it was not possible to perform
partition assays due to protein precipitation and to the dif-
ficulty in obtaining an effective phase separation after cen-
trifugation.

Thus the effects of the polymer molecular weight (600,
1000, 2000, and 3350) were evaluated at pH 6.0, 7.0, and
8.0 only for the shortest tie-line (17.54% PEG 600, and
15.14% sodium citrate). It was observed that there was a
decrease in the polymer molecular weight leading to an
increase in the partitioning coefficient (Kp), although
ConBr remained essentially in the citrate phase (Fig. 3).
The decrease in the protein partition coefficient with
increasing PEG molecular weight in PEG-salt systems
has been described previously and might be attributed to
the excluded volume effects (19). The best results were
obtained with the lower molecular weight polymer, PEG
600 at pH 8.0, with recovery yields on the PEG top phase
of about 37%.

The effect of pH on the partition coefficient and recov-
ery yield of ConBr was also studied, as shown in Fig. 3.
According to the results obtained the partition coefficient
of ConBr increases with pH and a higher recovery of
ConBr was achieved in the PEG-rich phase. Extraction
yields of 13.6, 15.0, and 37.1% were achieved in an ATPS
composed by 17.54% (w=w) PEG 600 and 15.14% (w=w)

sodium citrate, for pH 6.0, 7.0, and 8.0, respectively. The
variation of pH values did not affect the phase ratio, which
was kept around 1.0.

The partitioning behavior of the ConBr probably is gov-
erned by a combination of hydrophobic and electrostatic
interactions. It has been reported that the lectin of Canava-
lia brasiliensis seeds, is structurally active in a state of
dimer-tetramer equilibrium in the range of pH around
5.0 to 8.5 with the content of tetrameric form increasing

FIG. 3. Effect of polymer molecular weight, at pH 6.0 (&), 7.0 ( ), and

8.0 ( ), on the partition coefficient (LogKp), yield (Y) and purity (P) of

ConBr, with 17.54% PEG 600, 15.14% sodium citrate ATPS.

FIG. 2. Effect of pH on the phase diagram for PEG 600-sodium citrate

ATPS: pH 6.0 (^), 7.0 (&), and 8.0 (~) at 25�C.
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with the pH (20). Hence, one could expect a decrease in the
partitioning of ConBr with an increase in the pH due to
size exclusion effects. On the other hand, for pH higher
than 7.4, the protein has an overall negative charge and
repulsions are expected to occur between the protein and
the negatively charged citrate anion. In addition, the more
hydrophobic tetramer form probably interacts preferen-
tially with the more hydrophobic PEG-rich phase, enhanc-
ing the extraction of ConBr to the polymer-rich phase
and explaining the increase of the recovery yield with the
pH. Nevertheless, ConBr remains preferentially in the
citrate-rich phase at all the conditions tested, giving low
recovery yields, ranging between 13% and 37%, and the
partition coefficients lower than 1.0.

Effect of Ionic Strength on the ConBr Partitioning

In order to improve the partition of ConBr to the
PEG-rich phase different concentrations of NaCl were
added to an ATPS containing 17.54% PEG 600 and
15.14% sodium citrate at pH 6.0, 7.0, and 8.0. The effect
of NaCl concentration on the partition coefficient and
recovery yield of ConBr was studied in the range from 0
to 10% (w=w) and is illustrated in Fig. 4. It can be observed
that the partition coefficient of ConBr increased with an
increase in the NaCl concentration. In addition the logar-
ithm of the Kp became positive for concentrations higher
than 5%, meaning that ConBr partitioned preferentially
to the top phase at higher ionic strength.

It is well known that protein molecules are associated
with a hydration shell in solution and that the bound water
hinders protein molecules from binding to the hydrophobic
molecules. When NaCl is added to the system the lectin
becomes dehydrated due to the hydration effect of the salt
molecules surrounding the protein. Thus, the hydrophobic
zones of the lectin will be naked gradually with increasing
of the salt concentration. In other words, the naked hydro-
phobic surface increases with increasing salt concentration,
making the hydrophobic interactions between the lectin
and the hydrophobic molecules stronger (21). At pH 8.0,
ConBr is mainly a tetramers form, whose association
between the molecules is higher, thus the protein solubility
in the salt phase decreases and consequently the protein
affinity with polymer phase increases. Besides, the addition
of NaCl to a PEG–phosphate biphasic system increases the
hydrophobicity difference between the phases and thus
promotes the partition of the more hydrophobic proteins
to the PEG rich phase (22).

Using 5% of NaCl the recovery yield of ConBr in the top
phase was higher than 70% and the purity was about 98%,
with contaminant proteins partitioning towards the bottom
phase, as it can be seen in the electrophoresis gel in Fig. 5
(lane 7). For 10% of NaCl, 96% of ConBr was recovered on
the top phase, although with a lower purity of 65%, as
shown in Fig. 5 (lane 9).

Hence, 5% NaCl concentration allows a complete sepa-
ration between ConBr (top phase) and contaminants (bot-
tom phase), the first partitioning mostly to the top phase
and the latter remaining in the bottom phase. Nevertheless,
the recovery yield of ConBr obtained for 5% NaCl (70%)
was lower than the one obtained for 10% NaCl (96%).

In a further evaluation of the effect of NaCl concen-
tration on both the purity and the recovery yield of ConBr
in the PEG-rich phase, one can conclude that NaCl has an
opposite effect, with purity decreasing while recovery
increasing as the NaCl concentration increases. The effect

FIG. 4. Effect of NaCl concentration in the partition coefficient (Kp)

and recovery yield (Y) of ConBr with 17.54% PEG 600, 15.14% sodium

citrate ATPS at pH 8.0 and NaCl ranging from 0 to 10%.
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of increasing NaCl concentration upon protein partition
behavior has been explained based upon the protein hydro-
phobicity and electrostatic interactions. In the case of
ConBr, the decrease in protein purity when high NaCl con-
centrations were used may be explained by a migration of
contaminant proteins also to the top phase. ATPS with
5% NaCl concentration exhibited the best protein purity
but the recovery was lower than 10% NaCl concentration,
may be due the precipitation that was observed on the
interface.

The positive effect of NaCl on driving biomolecules
partitioning to the polymer top phase has been already
demonstrated, namely in our group for the purification
of antibodies with PEG-phosphate systems (23) and
PEG-citrate systems (24). Thus, by changing the concen-
tration of NaCl and choosing the right system composition
it can be possible to selectively target the partition of the
target biomolecule to the phase with fewer impurities. An
increase in the partition coefficient with an increase
of NaCl could have also been observed with the higher
molecular weight PEGs; however, the results would never
be as good as the ones obtained with PEG 600, as these
systems presented already a very high precipitation at low
salt concentrations.

CONCLUSIONS

An aqueous two-phase system based on PEG-sodium
citrate was successfully used for the separation of ConBr
lectin from Canavalia brasiliensis extracts. Various factors

have been found to influence the partitioning of ConBr
to the top phase, including PEG molecular weight, ionic
strength, and system pH. It was shown that lower molecu-
lar weights, e.g., PEG 600, high pH values, and high ionic
strengths are beneficial for the extraction of ConBr from
seed extracts. The most favorable composition for the
selective recovery of ConBr was determined to be 17.54%
PEG 600, 15.14% sodium citrate, 5% NaCl, at pH 8.0.
For this system, approximately 70% of ConBr could be
extracted from Canavalia brasiliensis extracts seed with
98% purity, revealing the potential of aqueous two-phase
extraction as an alternative process in the downstream
processing of lectins.
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