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bstract

The advantages of using seeds for the production of recombinant proteins with plant-based expression system has been demonstrated by
everal researchers. The high productivity makes soybean a potential system for large-scale recombinant protein production. However, there
s a lack of detailed engineering studies of the downstream process (DSP) of recombinant proteins produced in transgenic soybean. In this
ork, we evaluated the use of transgenic soybean seeds as hosts for the production of recombinant proteins from a downstream process (DSP)

ngineering standpoint. Recombinant �-glucuronidase (rGUS), was used as a model for extraction and purification studies. This study showed,
hat even a protein with acidic pI (rGUS) can be successfully separated from native soybean proteins, which also have acidic pI. Maximum GUS
pecific activity (9.5 × 103 U/mg) with high total activity recovery (8.9 × 104 U/mL) was obtained using a simple extraction solution composed of
0 mmol/L citrate buffer at pH 5.25. Purification of rGUS was evaluated by a two-step chromatographic procedure – anion-exchange followed by

ydrophobic interaction chromatography – which was compared to the purification of rGUS from transgenic corn and canola. Overall purification
actor and activity recovery obtained were 97.3 and 110% (a value higher than 100% probably due to removal of an inhibitor). Comparison of
his study with similar ones made with corn and canola seeds indicates that in terms of DSP soybean seeds can be considered a potentially viable
lant system for the production of recombinant proteins.

2006 Elsevier B.V. All rights reserved.
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. Introduction

A large variety of plant species are being evaluated as host
or the production of recombinant proteins with industrial and
harmaceutical applications. The spectrum of plants ranges from
ereal crops such as maize, rice, barley, and wheat to legumes
ike pea and soybean, and also the leafy crops alfalfa and tobacco.
ccording to Stoger et al. [1], seed-based hosts can offer several

dvantages for the production of recombinant proteins, since the

ccumulation of proteins takes place in a relatively small volume
nd stable environment in which they are protected from degra-
ation. Although soybean is considered a potential seed-based
ioreactor there are only few reports addressing this issue. In

∗ Corresponding author. Tel.: +55 19 3521 39 18; fax: +55 19 3521 3890.
E-mail address: everson@feq.unicamp.br (E.A. Miranda).
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he work of Zeitlin et al. [2], an antibody against herpes simplex
irus was expressed constitutively in the plant. The plants were
arvested and pressed to extract the recombinant protein that was
urified by affinity chromatography. Philip et al. [3] reported the
xpression of casein in soybean seeds, which was purified also by
ffinity chromatography. Recently, the expression of the human
rowth hormone in transgenic soybean was reported by Russel
t al. [4]. The reason for relatively few reports on this subject is
hat a high level expression of a recombinant protein has not been
chieved yet in soybean seed. As pointed out by Twyman et al.
5], recombinant protein expression higher than 0.1% of the total
oluble protein in seeds is needed for a plant system to be com-
etitive with other expression systems. However, soybean seeds
ffer the advantages of having a low production cost, and from a

egulatory standpoint, a reduced risk of contamination by pollen,
ince soybean is largely self-pollinating. Therefore, it is a system
hat needs to be studied in order to have a fully evaluation of its
otential.

mailto:everson@feq.unicamp.br
dx.doi.org/10.1016/j.bej.2006.08.010
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Besides the right choice of plant specie, the success of the
arge-scale use of plants as bioreactors depends also on the
ownstream processing (DSP) necessary for purification of the
ecombinant protein. Extraction is a key step in an efficient
SP, since it defines the characteristics of the solution from
hich the recombinant protein will be purified. Plant species

ontain different levels of compounds (e.g., native proteins, sol-
ble carbohydrates, phenolic compounds, and lipids) that can be
osolubilized with the recombinant product during the extrac-
ion, which are deleterious to the efficiency of the process,
eparation media, and equipment. Therefore, an efficient extrac-
ion condition that minimizes the coextraction of the plant native
ompounds could simplify DSP operations.

According to Jefferson et al. [6] GUS is a homotetrameric
nzyme (monomer molecular mass and pI of approximately
8 kDa and 5.5) that cleaves the �-linked terminal glucuronic
cids in mono and oligosaccharides and phenols. Although one
f the natural sources of GUS is Escherichia coli, a recombinant
US produced in transgenic corn is currently commercialized

7,8]. It is widely used as a visual marker for analysis of gene
xpression in transgenic plant research. One important appli-
ation of the expression of GUS is its use as a model protein
n studies of process engineering strategies regarding DSP of
ecombinant proteins produced in transgenic plants [7–11].

Kusnadi et al. [7,8] described the production, purification,
nd characterization of GUS from transgenic corn seed. An esti-
ated value of 70% of the GUS was extracted with 50 mmol/L

odium phosphate buffer at pH 7.5. The addition of 1% SDS
nd 2% �-mercaptoethanol resulted in complete extraction of
US; however, the SDS caused apparent irreversible inactiva-

ion of the enzyme. In both reports rGUS was purified with
nion-exchange, hydrophobic interaction, and size-exclusion
hromatographies. A similar GUS extraction procedure was
sed by Zhang and Glatz [9] and Zhang et al. [10] with canola
s the expression host. Canola extract was obtained by mixing
0 mmol/L sodium phosphate buffer at pH 7.0 with deffated
eal at a 1:10 solid-to-liquid ratio for 30 min. Purification of
US and three other polyaspartate fusions to GUS were stud-

ed using anion-exchange chromatography with different elution
rofiles. Bai and Glatz [11] studied the use of packed and
xpanded bed ion-exchange adsorption for rGUS purification
rom transgenic canola. They reported rGUS recovery of 112%
nd purification factor of 31 using a packed bed of Streamline-
EAE.
In this study we evaluated soybean as a bioreactor by studying

he DSP – extraction and purification steps – of a model recombi-
ant protein rGUS produced in the seeds of transgenic plants and
omparing the results with reported studies with corn [7,8] and
anola seeds [11]. The chromatographic steps (anion-exchange
nd hydrophobic interaction) were evaluated in terms of purifi-
ation based on GUS specific activity, as done in the case of
orn [7,8] and canola [11]. Aqueous extraction of rGUS, native
roteins, carbohydrates, and phenolic compounds was evaluated

s a function of pH of extraction solution. The reason to stud-
ed extraction of other compounds than rGUS is because native
roteins are the major impurities in the extracts, phenolics are
nown to interfere with DSP since they may cause resin foul-

2
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ering Journal 32 (2006) 7–12

ng, protein denaturation and degradation, and carbohydrates
romote bacterial growth.

. Materials and methods

.1. Materials

Transgenic soybean seeds (cultivar BR-16, lines 8–19)
xpressing the GUS gene were provided by EMBRAPA,
razil [12]. Genetic transformation was done using the par-

icle bombardment technique, using a constitutive promoter.
US substrate 4-methylumbelliferyl glucuronide (MUG) and
-methylumbelliferone (MU) were from Sigma (USA). High-
urity water prepared with a Milli-Q System (Millipore, USA)
as used in all experiments. All other chemicals used were of at

east analytical grade. A DU 650 spectrophotometer (Beckman,
SA) and a F-4500 fluorescence spectrophotometer (Hitachi,

apan) were used for the spectrophotometric measurements.

.2. Methods

.2.1. Preparation of soybean flour
Soybean seeds were ground in a household coffee grinder

y intermittent runs in order to avoid excessive heating (the
emperature did not exceed 60 ◦C). The particles were separated
sing a set of sieves, resulting in flour with particles smaller than
.5 mm. This flour was defatted with hexane at 60 ◦C for 6 h in
oxhlet-type equipment and stored at room temperature until its
se in the extraction experiments.

.2.2. Extraction protocol
In each run, 5 g of soybean flour were mixed with 100 mL of

he 50 mmol/L sodium citrate buffer with appropriate pH (1:20
olid-to-liquid ratio) at room temperature for 30 min. Extrac-
ion was carried out in a 5.5 cm diameter 250 mL beaker using

mechanical stirrer (Q-251D, IKA Labortechnik, Germany)
quipped with an axial-flow impeller (pitched-blade turbine with
our blades, 4.0 cm in diameter at 45◦ angle and positioned 1 cm
rom the bottom) at a stirring rate of 500 rpm. After 30 min
f mixing, each suspension was centrifuged at 15,000 × g for
0 min at 5 ◦C and polished by filtration through a 3 �m filter
aper. Extractions for chromatographic experiments were done
ith 50 mmol/L citrate buffer pH 5.25.

.2.3. Chromatographic procedures
Chromatographic experiments were carried out with either a

reeze HPLC Waters System (Waters, USA) or a system consist-
ng of a Miniplus 3 peristaltic pump (Gilson, France), an Econo
V Monitor detector, and a fraction collector (both by Bio-Rad,
SA) at a constant flow rate of 1.0 mL/min. The purification fac-

or was calculated as the ratio between the specific GUS activity
f the pool of eluted fractions and the specific GUS activity of
he sample injected.
.2.3.1. Anion-exchange chromatography. A volume of 5.5 mL
f the anion-exchange resin DEAE-Sephadex A25 (Pharmacia,
weden) was packed into a C10/10 glass column (10.0 cm ×
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.0 cm) (Amersham Biosciences, Sweden). The column was
quilibrated with 50 mmol/L sodium phosphate buffer pH 7.00
buffer A) and fed with different volumes of soybean seeds
xtracts (1.0, 2.0, 3.0, 4.0, and 5.0 mL). Feed samples were
repared with 50 mM sodium citrate buffer pH 5.25 as the extrac-
ion solvent and final pH was adjusted with 500 mM sodium
hosphate pH 11.40, yielding a final feed solution with 50 mM
odium phosphate pH 7.00. After each feed injection, the column
as washed with at least 55.0 mL of buffer A. Two elution pro-

edures were tested: a linear gradient from 0 to 500 mmol/L of
aCl in buffer A (elution #1) and a step with 300 mmol/L NaCl

n buffer A (buffer B) (elution #2). After each chromatographic
un, the column was regenerated with a solution of 1.0 mol/L
aCl. Fractions were collected and analyzed for total protein

nd GUS activity.

.2.3.2. Hydrophobic interaction chromatography. Fractions
f elution #2 from anion-exchange chromatography contain-
ng GUS activity were combined as a pool and diluted 1:1
ith a solution of 3 mol/L (NH4)2SO4 in buffer B. A volume
f 10.0 mL of this solution was then injected into a C10/20
lass column (20.0 cm × 1.0 cm) (Amersham Biosciences, Swe-
en) packed with 12.0 mL of Streamline-Phenyl gel (Pharmacia,
weden). After feed injection, a washing step with 40.0 mL
f 1.5 mol/L (NH4)2SO4 in buffer B was carried out. Weakly
dsorbed proteins were eluted using 0.5 mol/L (NH4)2SO4 in
uffer B followed by buffer B. rGUS was eluted with high-
urity water. The column was regenerated using at least 250 mL
f high-purity water. Fractions were collected and analyzed for
otal protein and GUS activity.

.2.4. Analytical methods
GUS activity was quantified with a fluorometric assay based

n the method of Jefferson [13] using the substrate MUG. One
nit of GUS activity (U) will release 1 nmol of MU from MUG
er minute at pH 7.0 and 37 ◦C. Total soluble protein (TSP)
oncentration in the extracts was determined with the method of
radford [14] using bovine serum albumin (Sigma, USA) as a

tandard. Specific activity of GUS (U/mg) of a sample is defined
s its total GUS activity (U) per total soluble protein mass (mg).
DS-PAGE (15% acrylamide gels) under nonreducing condi-

ions were carried out with a Protean II System (Bio-Rad, USA)
15]. The gels were stained with Coomassie Blue or silver nitrate
16] and a standard protein mixture (M3913 Sigma, USA) was
sed as a molecular mass protein marker. Phenolics were quan-
ified using d-catechin (Sigma, USA) as standard [17]. Soluble
arbohydrates were quantified as total sugars (TS) using the dini-
rosalicylic acid (Synth, Brazil) [18]. Glucose (Synth, Brazil)
as used as standard for determination of TS.

. Results and discussion

.1. Extraction studies
The rGUS extraction kinetics was relatively fast, since the
aximum concentration was achieved in 25 min using either

0 mmol/L sodium citrate or phosphate buffer—pH 4.0–7.6

i
e
(
s

ig. 1. GUS activity and specific activity and total soluble protein (TSP) in the
queous extracts of transgenic soybean seeds using 50 mmol/L sodium citrate
uffer. (©) GUS specific activity, (�) GUS activity and (�) total soluble protein.

data not shown). Therefore, a 30-min period of extraction was
elected for the experiments that followed. This extraction time
s in the same order of magnitude of the time reported for rGUS
xtraction from corn and canola seeds: Kusnadi et al. [7] studied
he extraction of rGUS from transgenic corn using 50 mmol/L
odium phosphate buffer at neutral pH and considered 15 min
ufficient to extract rGUS, whereas Zhang et al. [10] took 30 min
or the extraction of rGUS from transgenic canola using the same
uffer. This means that 30 min is enough to extract proteins not
ound to insoluble components of the seed of these three plants.

The effect of pH on rGUS extraction was investigated for the
H range of 3.75–6.25 in the absence of NaCl in the extrac-
ion buffer. Preliminary tests showed that the presence of NaCl
30–300 mmol/L) in the extraction buffer (in the range of pH
.0–7.6) raised concentration of TSP and lowered GUS activity
f the extract (data not shown). Both GUS activity and TSP con-
entration increased with pH (Fig. 1). However, GUS specific
ctivity showed a maximum value in the pH range of 4.75–5.25
approximately 9.5 × 103 U/mg). Therefore, 5.25 was consid-
red the optimum pH for rGUS extraction, since the GUS activity
ield was the highest in this pH range (2.9 × 104 U/mL). Based
n these results, 50 mmol/L citrate buffer at pH 5.25 was selected
s the extraction solvent in the purification studies.

The protein molecular mass profiles of the extracts were
btained through SDS-PAGE. A behavior similar to the one
btained by Wolf et al. [19] was observed. Those authors noted
hat when the pH of the extraction suspension was near 7.0,
-conglycinin (subunit molecular masses of approximately 48,
3, and 76 kDa), glycinin (subunit molecular masses of approx-
mately 22, 34, and 40 kDa), and soybean trypsin inhibitor
molecular mass of 20 kDa) were the major proteic components
f the extract; at pH around 4.0 (near the pI of soybean pro-
eins,) the major proteic components were lipoxygenase (molec-
lar mass of 100 kDa), �-amylase (molecular mass of 55 kDa),
gglutinin (molecular mass of 32 kDa), and soybean trypsin

nhibitor. In this work extractions at pH 4.35 and 4.75 resulted in
xtracts composed basically of proteins with low molecular mass
smaller than 100 kDa) and therefore poor in two major soybean
eed proteins: glycinin and �-conglycinin (Fig. 2). However,
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Fig. 2. SDS-PAGE analysis under nonreducing conditions (15% acrylamide,
Coomassie stained) of transgenic soybean extracts prepared with 50 mmol/L
s
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Fig. 3. Anion-exchange chromatogram of transgenic soybean extract with elu-
tion #1. Elution was carried out with a linear gradient of NaCl concentration
from 0 to 500 mmol/L in the adsorption buffer (50 mmol/L phosphate buffer pH
7.00) at a rate of 4 mmol/L NaCl per minute. Arrows show the beginning of
washing (W) and elution (E) steps. Absorbance at 280 nm (—); GUS activity
(- - -); CNaCl (-·-·-).

Fig. 4. Anion-exchange chromatogram of transgenic soybean extract with elu-
tion #2. Elution was carried out with an one-step gradient of 300 mmol/L NaCl
i
t
G

c
s
s
t
f
are summarized in Table 1. The best elution strategy was elution
#2, given that it allowed for the higher purification factor (3.6).

Since more than 50% of GUS activity was lost (mostly in the
flow through), different feed volumes (1.0, 2.0, 3.0, and 4.0 mL)

Table 1
Purification of rGUS from transgenic soybean seed extract by anion-exchange
chromatography

Elution strategy Feed volume
(mL)

CNaCl
a

(mmol/L)
Purification
factor

Activity
recovery (%)

Elution #1 5.0 0–500 2.3 43b

Elution #2 5.0 300 3.6 41b

Elution #2 4.0 300 6.2 63c
odium citrate buffer at different pH values; 10 �L of extract per lane. MM:
olecular mass markers. Lane 1: pH 4.35; lane 2: pH 4.75; lane 3: pH 5.25; lane

: pH 5.75; lane 5: pH 6.25.

xtracts with pH higher than 4.75 had a richer composition in
roteins of higher molecular masses.

The concentration of TS and phenolics was practically con-
tant for all extractions, with average 8.0 ± 0.5 mg/mL for TS
nd 0.47 ± 0.08 mmol/L for phenolics. These values are of the
ame magnitude as the ones described for the extracts from
ndosperm of transgenic corn [20]. Since the activity of rGUS
emained unchanged during 1 week at 5 ◦C the concentration
f phenolic was considered to be lower than the concentration
eeded to cause the rGUS precipitation [21].

.2. Purification studies

The studies of rGUS purification were carried out with anion-
xchange followed by hydrophobic interaction chromatogra-
hies. The results obtained here were compared with results of
imilar studies done with extracts of corn [7,8] and canola [11].
hus, the purification strategies employed here were similar to

he ones described by the cited authors. Adsorption buffer and
esins were the same and the elution was investigated.

.2.1. Anion-exchange chromatography
Two elution strategies were evaluated (in both cases feed

olume was 5.0 mL) and the first one was a linear gradient of
aCl from 0 to 500 mmol/L (elution #1). Most of the soybean
roteins did not bind to the anion-exchange resin and were eluted

n the flow through (Fig. 3), as in the case of canola proteins
10]. Weakly bound proteins were eluted in a peak at 70 min
100 mmol/L of NaCl). The chromatogram had two other peaks
or concentrations of NaCl of 295 and 365 mmol/L that were

A
5

n the adsorption buffer (50 mmol/L phosphate buffer pH 7.00). Arrows show
he beginning of washing (W) and elution (E) steps. Absorbance at 280 nm (—);
US activity (- - -).

ombined since they showed the presence of GUS activity. The
econd elution strategy tested (elution #2) was carried out with a
ingle step of 300 mmol/L NaCl (Fig. 4). rGUS was recovered in
he fractions collected between 65 and 70 min. rGUS purification
actor and activity yield obtained with the two elution strategies
dsorption buffer: 50 mmol/L sodium phosphate pH 7.00, column bed volume
.5 mL.
a CNaCl: NaCl concentration in mmol/L.
b GUS initial activity of 106 U/mL corresponds to 100%.
c GUS initial activity of 0.8 × 106 U/mL corresponds to 100%.
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ere tested, using the elution #2, aiming to achieve a higher
ecovery of rGUS. The best result was obtained with 4.0 mL of
eed volume, resulting in a purification factor of 6.2 and a 63%
ctivity recovery (Table 1). Even though lower volumes resulted
n a similar yield, the purification factors were lower (data not
hown).

Purification factors for rGUS from corn kernel extracts after
n anion-exchange chromatography were 5 and 8 [7,8]. These
alues are of the same order of magnitude as the purification
actors obtained in this study. Nevertheless, purification factors
btained for transgenic canola [11] were as high as 32. The dif-
erence between these results is due to the fact that the majority
f native canola proteins have a basic pI. Consequently, when
sing anion-exchange chromatography, the native canola pro-
eins are easily separated from recombinant proteins that have
n acidic pI, which is the case of rGUS (pI of 5.5). In accordance
o the predictions of Menkhaus et al. [22], a favorable scenario
or the use of soybean seeds as bioreactor is the one in which
he target protein is larger than 100 kDa and its pI is higher than
.

Proteins that coeluted with rGUS were mainly �-conglycinin,
ipoxygenase, and soybean trypsin inhibitor (Fig. 5). The coelu-
ion of these proteins could be explained by their pI (in the range
f 4.00–5.65) close to the pI of rGUS. The fact that glycinin did

ig. 5. SDS-PAGE analysis under nonreducing conditions (15% acrylamide,
ilver stained according to Morrisey [16]) of rGUS purification from soybean
eeds; 0.1 �g of total protein per lane. MM: molecular mass marker. Lane 1:
oybean extract at pH 5.25. Lane 2: soybean extract with pH adjusted to 7.00.
ane 3: elution with 300 mmol/L of NaCl in 50 mmmol/L phosphate buffer pH
.00 (elution #2) using DEAE-Sephadex column. Lane 4: elution with water
illi-Q using Streamline-Phenyl column. The low concentration of rGUS in the

xtracts (lower than 0.1%) did not allow the visualization of this protein band.
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ot coeluted with rGUS could be due to the fact that glycinin is
omposed of both acidic and basic subunits [23] and therefore,
t showed a weaker adsorption onto the DEAE resin.

.2.2. Hydrophobic interaction chromatography
Hydrophobic interaction chromatography (HIC) was

mployed as a second step for rGUS purification. The feed solu-
ion was the pool of fractions of the ion-exchange chromatog-
aphy with 4.0 mL of extract as feed and desorption according
trategy elution #2. The elution protocol for HIC employed
as a three-step gradient with 500 mmol/L of (NH4)2SO4

n buffer B, buffer B, and water (Fig. 6). Purification factor
nd activity for fraction collected between 180 and 195 min
ere 15.7 and 174%. The activity recovery higher than 100%
as probably due to the removal of an unidentified inhibitor.
he same phenomenon was described for the purification of

GUS from transgenic corn [7]. The authors also observed that
ommercial E. coli GUS added to extracts of corn and soybean
eeds lost as much as 40% of the initial activity.

A total activity recovery of 230% was achieved for this chro-
atographic step. In order to compare the purification factor

btained for this step (15.7) with that of rGUS purification from
orn kernel extracts (purification factor of 8 [7,8]), we divided
he purification factor obtained in this work by 2.3 (to account for
he activity reestablished after removal of the inhibitor), resulting
n almost the same value (7). An attempt to evaluate the purity of
GUS by SDS-PAGE analysis showed that rGUS concentrations
ere below the detectable level, since no band was observed

round the expected molecular mass for the rGUS monomer
68 kDa), under both reducing (data not shown) and nonreduc-
ng conditions (Fig. 5). Nevertheless, there was only a strong
and around the molecular mass of 20 kDa, which probably cor-
esponds to the soybean trypsin inhibitor. We presume that one
ore chromatographic step – size exclusion – would result in
ighly pure rGUS. The difference in molecular mass of rGUS
nd trypsin inhibitor is large enough to allow efficient separa-
ion (272 and 20 kDa). The DSP parameters purification factors
nd activity recoveries for the two chromatographic steps are

ig. 6. Hydrophobic interaction chromatogram of transgenic soybean extract
onitored by absorbance at 280 nm and rGUS activity. Elution was carried out
ith a three step gradient: 300 mmol/L NaCl and 0.5 mol/L (NH4)2SO4 in the

dsorption buffer (50 mmol/L phosphate buffer pH 7.0) (E1), 300 mmol/L NaCl
n the adsorption buffer (E2) and high purity water (E3). Arrows shows the
eginning of washing (W) and elution (E1, E2, and E3) steps. Absorbance at
80 nm (—); GUS activity (- - -).
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Table 2
Purification of rGUS from soybean seeds in comparison with that from corn and
canola seeds

Purification
step

Soybean seed Corn kernel
[7]

Corn kernel
[8]

Canola seed
[11]

PFa R (%)b PF R (%) PF R (%) PF R (%)

Extraction 1 100 1 100 1 100 1 100
AECc (DEAE) 6.2 63 5 110 8 126 32 112
HICd (phenyl) 97.3 110 40 46 62 81

a PF: purification factor.
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b R: rGUS activity recovery.
c AEC: anion-exchange chromatography.
d HIC: hydrophobic interaction chromatography.

resented in Table 2 together with related literature data. The
verall parameters of this work are higher than for a similar
ork done with corn. However the anion-exchange parameters
btained with canola are superior than the ones obtained in this
ork.

. Conclusions

This work showed that the optimum condition to extract
GUS from transgenic soybean seeds with minimum coextrac-
ion of native proteins is to use a low pH solution in the absence of
aCl. Under this condition, most of the native proteins extracted

re low molecular mass proteins (lower than 66 kDa). Maxi-
um rGUS specific activity was found using 50 mmol/L citrate

uffer at pH 5.25. Purification studies lead to an overall yield
f 110% and a purification factor of 97.3 using a two-step chro-
atographic procedure. On the other hand this study showed

hat if the recombinant protein has an acidic pI it still can be
urified using only few chromatographic steps as long as it is
as a hydrophobic surface, as in the case of GUS. Therefore, an
deal target recombinant protein to be produced in soybean seeds
ould have molecular mass higher than 100 kDa and a basic pI

nd/or a hydrophobic surface. Finally, evaluation of soybean in
erms of the main DSP steps confirmed its potential as a com-

ercial bioreactor for the production of recombinant proteins.
imple extraction buffer and values for purification parameters
etter than those reported for system currently used as host for
ommercial recombinant protein – corn – were obtained.
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