Vol.58, n.1:pp. 1-11, January-February 2015 BRAZILIAN ARCHIVES OF
N 1166013 Prnted n Brazi BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Purification of C-phycocyanin from Spirulina platensis in
Aqueous Two-Phase Systems using an Experimental Design

Francine Silva Antelo’, Jorge Alberto Vieira Costa® and Susana Juliano Kalil*

YLaboratério de Cinética e Termodinamica dos Prooss®egradativos; Escola de Quimica e Alimentos;
Universidade Federal do Rio Grande - Campus Santtbrio da Patrulha; Santo Anténio da Patrulha - RS
Brasil. Laboratério de Engenharia Bioquimica; Escola de ®igh e Alimentos; Universidade Federal do Rio
Grande; Rio Grande - RS - BrasiLaboratério de Microbiologia; Escola de Quimica émentos; Universidade
Federal do Rio Grande - Campus Carreiros; Rio GranRS - Brasil

ABSTRACT

C-phycocyanin from Spirulina platensis was purifiadaqueous two-phase systems (ATPS) of polyethgiscol
(PEG)/potassium phosphate, varying the molar mésheoPEG. Results using a full factorial desigowhd that
an increase in the concentration of salt and deseea the concentration of PEG caused an increnerihe
purification factor for all the ATPS studied. Optration of the conditions of the purification waadied using a
central composite rotatable design for each molassof PEG. The ATPS composed of 7% (w/w) PEG 4500
4% (w/w) PEG 8000 (g/gmol) and 23 or 22.5% (w/wpbbsphate resulted a purification factor of 1.&féor C-
phycocyanin, with total and 57% recovery, respetyivProcess conditions were optimized for the fination
factor for the system with PEG 1500. The ATPS dfth(w/w) PEG 4000 or 4% (w/w) PEG 6000 and 21% jw/w
phosphate resulted purification factors of 2.1 ah@-fold, recovering 100% and 73.5%, respectivetyCo
phycocyanin in the top phase.
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INTRODUCTION as ammonium sulfate precipitation, membrane
processes and different chromatographic methods
C-phycocyanin is an accessory photosyntheti(Minkova et al. 2003; Silveira et al. 2007;
pigment of the phycobiliprotein family, which also Chaiklahan et al. 2011; Bermejo and Ramos
includes the alophycocyanins (blue) anc2012). C-phycocyanin with a purity of 0.7 is
phycoerythrins (red) (Vonshak 1997; Chaiklahaiconsidered as food grade, 3.9 as reactive grade and
et al. 2011). It is the biggest component of th.above 3.9 as analytical grade (Herrera et al. 1989;
phycobiliprotein family, representing about 20%Rito-Palomares et al. 2001).
on dry weight of the cell protein and is used as The purification processes are generally long and
natural dye in food and cosmetics (Cohen 198tcomplex and time and solvent consuming;
Yoshida et al. 1996). It shows therapeuticefficiency and low toxicity have limited the
properties such as anti-inflammatory ancapplication of some methods (Wu et al. 2014). In
hepatoprotective effects, as well as anti-oxidarthe past, traditional protein purification methods
capacity (Romay et al. 1998). Several methochave been used, including ion exchange gel
have been used for the purification of C-filtration chromatography, ffinity chromatography,
phycocyanin, especially that froBpirulina, such membrane  separation, ammonium  sulfate

"Author for correspondence: dmgsjk@furg.br

Braz. Arch. Biol. Technol. v.58 n.1: pp. 1-11, Feetd 2015



2 Antelo, F. S. et al.

precipitation, salting out and electrophoresis, bitthat allow for refinement and a better
they are expensive and not suitable for masunderstanding of the system under the study
production. Furthermore, due to the poor stability(Montgomery 1991; Barros Neto et al. 1995).
proteins in the conditions of acids, alkali orThe present work aimed to study and optimize the
heating are easily denatured (Gutowski et al. 200 purification of the C-phycocyanin extracted from
Freire et al. 2012; Shahriari et al. 2013; Zeng anSpirulina platensis using aqueous two-phase
Wang 2013). Hence, the aqueous two-phassystems of polyethylene glycol/potassium
system (ATPS), a simple and economic systerphosphate, aiming for purity above 0.7. The
has been studied. This system is a bettinfluence of molecular mass was evaluated using
alternative for many biomolecules in bioseparatio PEG 1500, 4000, 6000 and 8000 (g/gmol), and
processes, especially in the early downstreaalso of the percentages of salt and polymer with
stages, and consists of the mixture of twrespect to the purification factor and protein
polymers or of one polymer with a salt in arecovery in each system, using an experimental
determined concentration, which assures trdesign and response surface methodology.
formation of two phases at equilibrium (Albertsor

1986; Marcos et al. 1999). The high water contet

of an aqueous two-phase system (ATPS) providdMATERIALSAND METHODS

a neutral and non-toxic environment favorable t

biological activities. The short processing time Culture conditions of Spirulina platensis

desirable separation efficiency, low pollution Ipad The cyanobacterium S. platensis LEB 52 culture
low cost and possibility of recycling and reuse owas grown in outdoor 450 L capacity photo-
its components make the ATPS a very competitivbioreactors using Zarrouk’s synthetic medium
technique compared to other methods (Wu et &(Zarrouk, 1966), diluted to 20%, with an initial
2014). biomass concentration of 0.30 (g/dm3) (Costa et
The partition of an enzyme or protein in this kincal. 2000). Samples were taken every 24 h to
of system is influenced by several factors such :determine the biomass concentration via optical
the molecular mass of the polymer, salt or polymedensity measurements at 670 nm in a
concentration, system pH and temperature, si.spectrophotometer (FEMTO spectrophotometer
and the hydrophilic or hydrophobic nature of the700 Plus) according to Costa et al. (2002). At the
bio-molecule (Sebastiao et al. 1996; Silva et aend of cultivation, the biomass was recovered by
2002; Saravanan et al. 2008). Due to the filtration, pressing and extrusion, and then diag¢d
complexity, ATPS purification studies are mostly50°C for 6 h, frozen at -18°C, ground in a balllmil
empirical, and thus, the best conditions arand sieved (the perforations on the sieve being 150
generally obtained by the systematic variation cmesh).

factors such as the molecular mass of the polyme

salt concentration and pH. The use of aiC-phycocyanin extraction

experimental design can propose the variations C-phycocyanin was extracted using the conditions
use. established by Silveira et al. (2007). After
The use of the experimental design techniquextraction, the suspension was centrifuged and
seeks to reducethe number of tests withoivacuum filtered and the supernatant collected.
harming the quality of the information and

allows for the simultaneous study of severaPolyethyleneglycol (PEG) molar mass

variables. The technique provides the Four molar masses of polyethylene glycol: 1500,
determination of the reliability of the results,4000, 6000 (Labsynth LTDA, Diadema, SP,
research steps in an iterative process (Brazil) and 8000 (g/gmol) (Sigma Chemicals, St

addingnew tests, and selection of th¢louis, MO, USA) were used in the PEG/potassium

variables that influence the process with jusphosphate systems for the purification of C-

a few trials but still drawing conclusions from phycocyanin.

quality results. The factorial design is a usefu

analytical strategy and its main application is irPreparation of the agueous two-phase systems

the screening of relevant variablesin a give The phase systems were prepared in graduated

system. After the screening process of the mocentrifuge tubes by weighing the 1500, 4000, 6000
significant variables, experiments are carried otand 8000 PEGs and a stock solution of 30% (w/w)
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potassium phosphate. The phosphate stoiExperimental designs
solution consisted of a mixture of appropriateThe effects of the percentages of polyethylene
amounts of KHPQ, and KHPQO, (Labsynth) in  glycol and potassium phosphate on the purification
order to obtain pH 6.0. The quantities of bottonfactor and C-phycocyanin recovery were evaluated
and top phases were calculated from the phausing four full Z factorial designs with three
composition obtained using the correspondinrepetitions at the central point, one full factbria
phase diagram. A 4 g mass of a clarified cruddesign for each PEG molar mass: 1500, 4000,
extract of C-phycocyanin was added to the syste 6000 and 8000 (g/gmol).
and made up to 20 g by the addition of water. ThThe study range for the optimization or
systems were vortex-mixed (Phoenix AP 56) anmaximization of the conditions of the purification
centrifuged (Presvac DCS 16 RV) at 3400 flem process of C-phycocyanin using ATPS was
20 min to speed up the phase separation. established from the effects of the percentages of
After reaching equilibrium, the top and bottomthe different PEG molecular masses: 1500, 4000,
phases were separated and their volume6000 and 8000 (g/gmol) and of the potassium
measured. The absorption of part of each phaphosphate on the purification factor and protein
was read in a spectrophotometer (Cary 100 Coirecovery. Four 2 central composite rotatable
UV Visible Spectrophotometer and Quimis Q 10&¢designs (CCRD) with four axial points and three
D) at 280, 615, 620 and 652 nm. The referencrepetitions at the central point were used. Tables
systems for each trial were prepared without thand 2 present the coded levels used in the folr ful
addition of the crude C-phycocyanin extract, anfactorial designs and in the four CCRD for each of
after separation the absorption of the phases wethe ATPS studied. The analyses were carried out
read at 280 nm. in triplicate and the same C-phycocyanin crude
extract was used in all the experiments.

Table 1 - Values for the coded levels used in the fourfdtorial designs.

PEG 1500 PEG 4000 PEG 6000 PEG 8000
Coded level PEG SALT PEG SALT PEG SALT PEG SALT
(ow/w)  (wiw)  (%owiw)  (wiw)  (Yow/w)  (Ywiw)  (%owiw)  (Yow/w)
-1 5 18 5 15 6 14 7 22
0 10 21 10 20 10 18 10 24
+1 15 24 15 25 14 22 13 26

Table 2 - Values for the coded levels used in the four CCRD.

PEG 1500 PEG 4000 PEG 6000 PEG 8000

Coded level PEG SALT PEG SALT PEG SALT PEG SALT
(owlw)  (Yowiw)  (%owiw)  (%wiw)  (Yowiw)  (Yewiw)  (%bwiw)  (Yow/w)

-1.41 2.8 20.2 24 20.2 2.8 18.6 2.8 21.9

-1 4 21 4 21 4 19 4 225

0 7 23 8 23 7 20 7 24

+1 10 25 12 25 10 21 10 255

+1.41 11.2 25.8 13.6 25.8 11.2 21.4 11.2 26.1

Analytical procedures Where: PC is the C-phycocyanin concentration

C-phycocyanin  concentration (PC): The C-(mg/cni), ODgs is the optical density of the
phycocyanin concentration was defined as showsample at 615 nm and @fis the optical density
in Equation 1, according to Bennett and Bogora of the sample at 652 nm.
(1973): C-phycocyanin purity (EP): The C-phycocyanin
purity was calculated spectrophotometrically using
[ODg,s — 0474%x OD,] Equation 2 (Abalde et al. 1998).
1)
5.34 Ep= ODgy0
OD280

PC=

(2)
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Where: ORyis the optical density of the sample Statistical Analysis

at 620 nm and Ofy, is the optical density of the The statistical analyses of the estimated effetts o
sample at 280 nm. This relationship is indicativieach  variable and the optimization or
of the purity of the C-phycocyanin extract with maximization of the conditions of the purification
respect to most forms of contaminating proteinsprocess were carried out considering a 95% level
The absorbance at 620 nm indicates the maximuof confidence (p<0.05). The responses surfaces
absorption of C-phycocyanin, while that at 280 nnand contour diagrams were drawn according to
is due to the total concentration of proteins ia thBox et al. (1978).

solution.

Purification factor (PF): The purification factor

was calculated using Equation 3. RESULTSAND DISCUSSION

PF :E 3) Full factorial design (2* trial plus + three
EP. central points)

Table 3 shows the design matrix for the systems
Where ER is the purity of the extract after the with  PEG 1500, 4000, 6000 and 8000 and
purification process and ERs the purity of the potassium phosphate, with the coded values and

crude extract. the responses for the purification factor and
Recovery (RC): The recovery (%) of the extractioiprotein recovery. Table 4 shows the volume ratios
was calculated using Equation 4. (Vr) and partition coefficients (K. for the same

seven trials. The tie line length (TLL) concept is
frequently used in ATPS processes. TLL
represents the straight lines connecting the points
in the diagram that represent the composition of
Where PG is the concentration of C- the two phasesin equilibrium (Silva anpl Loh
phycocyanin in the phase considered (mg)cm 2005). Hoyvever, the use qf_an experimental
PCiruce exiS the concentration of C-phycocyanin indesign provides other compositions that do not
the crude extract (mg/AN Vonaseis the volume of  US€ the TLL concept, expanding the area of two-

the phase considered (mand Vi, is the initial Phase compositions to be explored.
volume of extract added (Gn The PEG 1500/potassium phosphate system,

composed of 5% (w/w) of polymer and 24% (w/w)
C-phycocyanin partition coefficient (K): The of salt gave a purification factor of 1.6-fold with
partition coefficient for C-phycocyanin was 78% of protein recovery, representing a level of
calculated using Equation 5 (Albertson 1986). purity above 0.7 as desired. Benavides and Rito-

= [ I:)Cphase X Vphase]
[ PCcrude_ext XVin ]

RC

*100 (4)

PC, Palomares (2004) obtained a similar result in the
K par = p (5)  purification of the phycoerythrin from
PCoo Porphyridium cruentunusing an ATPS composed

_ , of PEG 1450/potassium phosphate with 17.6%
Where: PG, and PGo are, respectively, the C- ) of polymer and 10.9% (w/w) of salt. This

phycocyanin concentrations in the top and bottor g it was obtained for the lowest Vr amongst the
phases (mg/ci systems, of 0.4, indicating the tendency for better

Volume ratio (Vr): The volume ratio was given by target-protein purification with a low volume of
the ratio between the volumes in the top any,e top phase, rich in PEG.

bottom phases (Bermejo et al. 2002): The ATPS formed with PEG 6000 reached
vr _\/top 5 purification factors between 1.3 and 1.7-fold for
v (6) the phycocyanin in the top phase, with recoveries

bot between 60.3 and 85.4%; the best results was

Where \f,, is the volume of C-phycocyanin in the obtained for the lowest Vr values of 0.5 and 0.6.
top phase (cf) and M the volume of C- The system composed of 6% (w/w) PEG and 22%

purification process. central point also reached an extract purity greate

than 0.7, similar to the ATPS composed of PEG
1500; the best purification factor was obtained
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with the lowest Vr values, around 0.6. It should bidesigns studied, the lowest values for,,K
pointed out that for the ATPS composed of PE(appeared in the trials with the lowest salt level,
with molar masses of 1500, 4000 and 8000, thei.e., with the lowest amount of potassium
was a correlation between the value fogdand phosphate in the system, where the C-phycocyanin
the percentage of salt in the systems. For tttended to migrate to the bottom phase.

Table 3 - Matrix of the full factorial design @trial + 3 central points) for the coded valuestt systems with
polyethylene glycol 1500, 4000, 6000 and 8000 plisssium phosphate, with the results obtainegdoification
factor (PF) and recovery (RC) of C-phycocyaninthi@ top phase of the trials.

Assa PEG Salt PEG 1500 PEG 4000 PEG 6000 PEG 8000
Y (%ww) (%ww) PF RC(%) PF RC(%) PF RC(%) PF RC (%)
1 -1 1 1. 78.2 1.2 10C 1.4 60.2 1.C 59.2
2 +1 -1 1. 97.1 1.2 10C £ 84. 0. 53.7
3 -1 +1 1.6 77.¢ 1.5 94.¢ 1.7 69.7 1.5 49.C
4 +1 +1 1.C 90.F 1.2 84. 1.2 85.2 1.C 46.€
5* 0 0 1.C 10C 1.4 78.: 1.7 75.L 1.3 62.2
6* 0 0 1. 10C 1.4 73.( 1.7 78.( 1.2 57.2
7* 0 0 1. 10C 1.4 71.( 1.7 76.7 1.2 55.¢

* central point.

Table 4 - Matrix of the CCDR (2trial + 4 axial points + 3 central points) for tbeded values of the systems with
polyethylene glycol 1500, 4000, 6000 and 8000 phtsssium phosphate, with the results obtaineddume ratio
(Vr) and partition coefficient (K.

A PEG Salt PEG 1500 PEG 4000 PEG 6000 PEG 8000
Y (9wiw)  (%wiw)  Vr K part Vr Koat VT K part Vr K part
1 1 1 14 3.0¢ 14 476 0€ >10C 0&  24¢

2 +1 -1 1€  >10( 15 0 1.4 0 0. 0
3 -1 +1 04 >10C 0€  98f  OF 0 05  18F

4 +1 +1 11 >10C 1.2  >10( 0.7 0 0.6 0
5 0 0 1. 0 07 >10C OE O 07  >10C
6* 0 0 1.1 0 0.6 >10C 0. 0 0.7 471
7* 0 0 1. 0 0.6  >10C 0. O 07  >10(

*: central point; >100: value over 100; value tending to infinity.

In the analysis of the effects (see Table 5), i wedecrease in the concentration of PEG could be
observed that with 95% confidence, the change equally related to a gain in purity of the C-
salt percentage from level -1 to level +1 had phycocyanin and of its purification factor.
positive effect on the C-phycocyanin purificationAccordingto Nagaraja and lyyaswami (2013), the
factor in the four systems studied; i.e., an inseea influence of salt on the partitioning is caused by
in the percentage of potassium phosphate causthe non-uniform distribution of the salt ions ireth
an increase in the protein purification factor. Thiupper and lower phases and by the difference in
change in polymer percentage from level -1 tthe electric potential, which improves the
level +1 had a negative effect on the Cmovement of the protein to the other phase
phycocyanin purification factor for all the ATPS, through electrostatic repulsion/attraction. The
an increase in the percentage of PEG causinghydrophobic interaction between the protein and
decrease in this response. phase rich in PEG increases due to the hydratation
A decrease in the volume of the top phase, fceffect of the salt molecule surrounding the protein
which the C-phycocyanin showed affinity, resultecand lead to the aggregation of proteins in the top
in an increase in its concentration, and the ptessit phase. Klomklao et al. (2005) also reported that in
exclusion of part of its contaminants to the bottorgeneral, negatively charged proteins preferred the
phase, causing a possible increase in the purty aupper phase in PEG—salt systems, while positively
in the protein purification factor. Thus, an ingea charged proteins normally partition selectively to
in the concentration of salt in the ATPS ancthe bottom phase.
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Table 5 - Main effects of the variables of polymer desired target-protein, the lower the recovery,

percentage and salt percentage and the interactipecause there was a greater tendency to lose the

between them, on.the purification factors and red(_fs_ protein together with the contaminants as the

of ~C-phycocyanin in the ATPSs containing , ification process intensified. The increases in

ggg’g}ggggg;umgg%%c;lpha%goo' 4000, 6000 anOIthe concentration of PEG and potassium phosphate
' from level -1 to level +1 still had a positive affe

1500 4000 6000 8000 _
PEG _ -06* 02 -02* -03* on the recovery of C-phycocyanin for the ATPS

P”;géfgﬁ'on SALT  0.6* 02¢ 01* 0.2* composed of PEG of with a molar mass of 6000.
PEGXSALT -0.6* -0.2* -0.3* -0.2*
~ecover SPAELC';I' ‘7‘6’ '15(-)C] 159-3%* gﬁ Optimization using a CCRD (2? trial + four
very PEGXSALT -147 -5C -41* 1€ axial points + three central points)
*p<0.05 (significant at a 95% confidence level). The optimization step is very important to obtain

the best results for purity. Since C-phycocyanin is

a product with a high aggregated value,
For the recovery of C-phycocyanin in the systeroptimization minimizes significant losses during
containing PEG 6000, where the effects of threcovery. Table 6 presents the CCRD matrix for
percentages of PEG and salt and of thethe 1500, 4000, 6000 and 8000 PEG plus
interaction were statistically significant at 95%potassium phosphate systems, with the coded
confidence, an increase in the percentage of PEvalues and experimental responses for the
from level -1 to level +1 resulted a positive effec purification factor and for C-phycocyanin
contrary to that detected for the purification éact recovery. The volume ratios and partition
This showed that the higher the purity of thecoefficients are shown in Table 7.

Table 6 - Matrix of the CCRD for the coded values of thetegss of polyethylene glycol 1500, 4000, 6000 and
8000/potassium phosphate, with the results obtafoethe C-phycocyanin purification factor (PF) aretovery
(RC) in the top phase of the trials.

PEG Salt PEG 1500 PEG 4000 PEG 6000 PEG 8000

Ay (pwiw)  (%wiw) “PF_ RC (%) PE_ RC(%) PE_RC(%) PF_ RC (%)
1 - 1 17 95z 21 10 1z 82¢ 1€ 571
2 +1 1 11 976 11 776 1z 730 1C  TAE
3 1 4 11 10C 12  10C 2z 73E 14 86
4 +1 41 11 86€ 11 791 11 51z 11  75¢
5 -1.41 0 12 976 12 9c 14  94¢ 1.2  83¢
6 +1.41 0 11 91¢ 1C 841 1C 93Z 1C 76z
7 0 141 1= 8 1C 8% 1z 79 11 71C
8 0 +141 1E 83 12 671 1:  68F 11 721
9* 0 0 1£ 10C 1. 707 1z 88F 1z 78

10* 0 0 1€ 10C 1C 777 1% 80z 1z 731
11* 0 0 1€ 976 11  71C 1z  90.C 1z  67E

*central point.

Table 7 - Matrix of the CCRD for the coded values of the sgst of polyethylene glycol 1500, 4000, 6000 and
8000/potassium phosphate, with the results obtdimredolume ratio (Vr) and partition coefficient (k).
Assay PEG Salt PEG 1500 PEG 4000 PEG 6000 PEG 8000

(%owiw)  (Y%wl/w) Vr K part Vr K part Vr K part Vr K part

1 - - 0.€ > 10( 0.5 > 10( 0.€ 73.€ 0.4 9.1
2 +1 -1 1.C > 10( 1.C 49.: 0.6 > 10( 0.6 > 10(
3 -1 +1 0.€ > 10( 0.€ > 10( 0.7 27.¢ 0.7 > 10(
4 +1 +1 0.7 > 10( 0.7 O 0.4 > 10C 0.7 > 10(
5 -1.41 0 0.5 O 0.5 > 10( 0.€ 322 0.€ 78.€

6 +1.41 0 0.S O 0. O 1.C O 0.7 O
7 0 -1.41 0.7 77.2 0.7 > 10( 0.7 > 10( 0.€ > 10(
8 0 +1.41 0.5 > 10( 0.5 > 10( 0.€ > 10( 0.t > 10(
9* 0 0 0.7 O 0.7 > 10( 0.7 > 10(C 0.7 > 10(
10* 0 0 0.€ > 10( 0.€ O 0.7 > 10( 0.€ > 10(
11* 0 0 0.€ O 0.€ > 10C 0.7 > 10( 0.€ > 10(

*: central point; >100: value over 100; value tending to infinity.
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Results showed that in the trials with PEG 150(listed F-values, statistically validated the models

the highest purification factors of 1.6 and 1.5dfol and allowed for the construction of the response

with the best protein recoveries, corresponded surfaces and contour diagrams presented in Figure
the central points, composed of 7% (w/w) PEC1.

0, i =Y
and 23% (w/w) potassium phosphate. Thus, tbPFz 1.57 — 0.22"[PEGod? — 0.124[SALTE  (7)

optimization of the conditions of the purification 5
. . RC (%) = 98.23 — 2.38*[PEfsd — 5.09*[SALT]
process was achieved because the region 4.02PEGuod*[SALT] (8)

maximum purification factor coincided with the
extreme point of curvature of surface response (s According to the models obtained, the purification
Fig. 1A). The coded quadratic models were¢factor for C-phycocyanin could be predicted as a
evaluated in order to determine the correlatiofunction of the percentages of PEG 1500 and
between the PEG and salt percentages and ipotassium phosphate making up the ATPS, while
purification factor and recovery of C-phycocyanin the protein recovery was defined by the interaction
Equations 7 and 8 showed the coded responses between both the variables. In the PEG
purification factor (PF) and C-phycocyanin1500/potassium phosphate system, Figure 1A
recovery (RC), respectively, with correlationindicated a range of PEG concentration between
coefficients of 0.88 and 0.90. Pk and SALT 4.6 (w/w) and 9.3% (w/w)and range of salt
represented the concentration of polyethylenbetween 21 (w/wgand 25% (w/w) as the optimal
glycol 1500 g/gmol (%, w/w) and salt (%, w/w) region for the purification of C-phycocyanin,
for the range studied. The variance analyses (sreaching a purification factor of 1.5-fold. In this
Tables 8 and 9), where the F tests showed valuregion, the recovery of C-phycocyanin was around
3.2 and 3.4-fold higher, respectively, than th«95 to 100% (Fig. 1B).

A B
25,8 25,8
3 z
= =
(=] (=)
S 2 S 2l
5 5
< <
(%)) n
I 100
B 95
20,2 B 20,2 - [ ]9
2,8 2,8 7 11,2[] 85
1,2 [ 8o
PEGlSOO (%W/W) I:I PEG]_500 (%W/W)

Figure 1 - Contour diagram for the C-phycocyanin purificatifattor (a) and recovery (b) in the
polyethylene glycol 1500/potassium phosphate systémexperimental points.

Table 8 - ANOVA for the C-phycocyanin purification factors ithe polyethylene glycol/potassium phosphate
systems with PEG molecular masses of 1500, 600@and.

Sour ce of Sum of squares Degrees of freedom M ean square F-ratio*
variation 1500 6000 8000 1500 6000 8000 1500 6000 8000 1500 6000 8000
Regression 0.30 0.63 0.20 2 2 1 0.15 0.32 0.20 1446 8.69 17.66
Residual 0.08 0.29 0.10 8 8 9 0.01 0.04 0.01
Error 0.08 0.29 0.10 8 8 9

Total 0.38 0.93 0.30 10 10 10
Correlation coefficient for PEG 1500: R = 0.88¢f>.5= 4.46
Correlation coefficient for PEG 6000: R = 0.83¢f,5= 4.46
Correlation coefficient for PEG 8000: R = 0.8} gf1 9= 5.12
* F-ratio (regression/residual)
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Table 9 - ANOVA for the recovery of C-phycocyanin in polygténe glycol/potassium phosphate potassium, for
the molecular masses of PEG 1500, 4000 and 8000.
Sour ce of Sum of sguares Degr ees of freedom Mean square F-ratio*
variation 1500 4000 8000 1500 4000 8000 1500 4000 8000 1500 4000 8000
Regression 268.51 747.35 0.20 3 2 1 89.50 373.68 0.20 10.56 6.20 17.66
Residual 59.33 482.46 0.10 7 8 9 8.48 60.31 0.01
Error 59.33 482.46 0.10 7 8 9
Total 327.84 1229.81 0.30 10 10 10
Correlation coefficient for PEG 1500: R = 0.9Q 03 7= 3.07
Correlation coefficient for PEG 4000: R = 0.78 of2,8= 3.11
* F-ratio (regression/residual)

For the PEG 4000/potassium phosphate systeipossible to construct the response surface and
the best purification factor was obtained with 4%respective contour diagram (data not shown),
(w/w) of PEG and 21% (w/wpf salt, reaching which made it clear that for a determined
2.1-fold (purity of 1.12) with a Vr of up to 0.6 @n percentage of PEG, the recovery of C-phycocyanin
total recovery of the target-protein (Tables 6 anremained the same for the entire range of
7). In this case, maximization provided a 40%potassium phosphate percentage studied.
increase in the purification factor as compared tFor the PEG 6000/potassium phosphate system,
the result obtained in the previous experimentithe best C-phycocyanin purification factor of 2.2-
design, of 1.5-fold. This was referred asfold (purity of 1.24) was obtained with a
maximization because the best C-phycocyanicomposition of 4% of polymer and 21% (w/w)
purification factor or recovery was not achieved irthe salt. Thus, a maximization of experimental
the central conditions of the proposed design. conditions was achieved and this purification
The statistical analysis of the results for the Cfactor was 30% higher than the maximum value
phycocyanin purification factor (data not shown obtained before, of 1.7-fold with 73.5% of
only allowed to obtain the effects of the PEG anrecovery (Tables 7 and 8). Thus, once again it was
potassium phosphate percentages on this resporobserved that the purification process was batter i
since a statistically significant model could net b the systems with low polyethylene glycol and high
obtained. At 95% confidence, the percentages potassium phosphate concentrations. These results
PEG 4000 and salt presented a negative effect were better than those achieved by Liu et al.
the C-phycocyanin purification factor. For both the(2012), who obtained purification factors between
variables, the change from level -1 to level +:1.44 and 1.64-fold and recoveries of around 60%
resulted a decrease in the C-phycocyanifor the C-phycocyanin frons. platensisusing a
purification factor. However, the interaction single extraction in an aqueous two-phase system,
between the variables positively influenced thiwhich was also composed PEG 6000 and
response. The coded model for the recovery of (potassium phosphate (pH 7.0) with 34% (w/w)
phycocyanin (RC) in the ATPS with PEG 4000 TLL. The values were also higher than those found
with a correlation coefficient of 0.78, wasby Silva et al. (2009), of 1.7-fold with purity
validated using the F test, where the calculated between 0.57 and 0.89, using a precipitation
was 2-fold higher than that shown in the Table ¢technique as the early downstream stage. This was
as shown in Equation 9. Pldg represented the due to the use of an experimental design, which
concentration of polyethylene glycol 4000 g/gmo permitted the optimization of the conditions of the

(%, wiw) for the range studied. purification process or maximization of the
purification factor. A simple and efficient

RC (%) = 7581 - 6.43[PEGd + purification procedure can significantly reduce the

8.26*[PEGy0d2 (9 overall costs and affect process viability.

in the I:,ECEquation 10 presents the coded model for the C-
phycocyanin purification factor (PF) with a
correlation coefficient of 0.83. PEg, and SALT
represented the concentration of polyethylene

According to the model obtained,
4000/potassium phosphate system, the recovery
C-phycocyanin could be predicted from the

quadratic model exclusively from the percentag glycol 6000 g/gmol (%, wiw) and salt (%, wiw)

of polymer involved, with no influence of the salt ; ) .
percentage on the response. The model madef(.)f the range studied. This was validated by the
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variance analysis by way of the F test, where ttrEquation 11 showed that model for the purification
calculated F-value was 1.9-fold higher than thfactor could be predicted exclusively from the

listed F-value (Table 8). PEG percentage involved in the PEG
8000/potassium phosphate system, indicating that

PF - 1.31 - 0.21*[PEd —  this response tended to be independent of the salt

0.27*[PEGood *[SALT] (10) percentage present in the ATPS in the range

studied. From the response surface analysis, it was

From Equation 10, the polymer percentage and | een that for a fixed PEG percentage, the C-

interaction with the salt concentration predicte( . e .
P phycocyanin purification factor did not alter

the model for the C-phycocyanin I:)urmcatlonthroughout the potassium phosphate concentration

factor in the PEG 6000/potassium phosphat .
ATPS. The surface response and respecti\.range studied, pffrom 21.9 (w/w)_to 26.1% (wiw),
the variable of potassium phosphate

contour diagram for the C-phycocyanin"e"

purification factor in this ATPS showed that aggrr]?gé?gg Fdol(rj thr(IeOtreclgﬂclann%i Ctheh Jgsp:r?f]e
purification factor of 2-fold could be attained : ' very -phycocyanin,

when working with low PEG 6000 concentrationsme Sf:cat'ft'ce;l ﬂ?nalylses (data ncz[t showr_l) sr:t)wed
of between 2.8 (w/wand 4.9% (w/w) and salt € efiects otine polymer percentages, since st wa

. not possible to obtain a statistically significant
percentages from 20.3 to 21.4%. Although it wa : o . .
not possible to obtain a statistically significammOdel' With 90% confidence, it was observed that

model for the recovery of C-phycocyanin, the.the concentrations of PEG 8000 and salt positively

statistical analysis (data not shown) of the ressul"nfmenced the C-phycocyanin recovery, i.e., the

showed that with 90% confidence, the PEG 600'08“3.Salge from level -1 _to level +1. of both entran(_:e
and salt concentrations as also their interactio variables resuited an increment in C-phycocyanin

negatively influenced this response, i.e., th eCOvery. However, their interaction had a

change from level -1 to level +1 of each entranc‘r:]egamve effect on the recovery response.

variable, resulted a decrease in the recovery of C-

phycocyanin.

For the PEG 8000/potassium phosphate systenCONCLUSIONS
the best C-phycocyanin purification factor
obtained was 1.6-fold with a composition of 4%
(w/w) of polymer and 22.5% (w/w) of salt, with
the lowest Vr obtained amongst the trials and th
lowest percentage of the polymer used. In thi
trial, a very low K, value of 9.1 was obtained,
but since it was above 1, it indicated the migratio
of most of the C-phycocyanin to the system’
bottom phase. The low target-protein recovery i
the top phase of about 57%, in relation to therothi
systems studied, could be justified by the faat th
part of the C-phycocyanin might have passed 1
the bottom phase with the decrease in volume rat
(Tables 6 and 7). Equation 11 presented the cod
model for the C-phycocyanin purification factor

The aqueous two-phase systems (ATPS)
consisting of polyethylene glycol/potassium
phosphate proved to be a promising purification
method for the C-phycocyanin extracted fr@n
platensigiesulting for certain compositions, a
purity higher than 0.7, considered to be of food
grade. For the four PEG molar masses studied,
1500, 4000, 6000 and 8000 (g/gmol), the
purification process and recovery was influenced
by the concentrations of both polyethylene glycol
and potassium phosphate. For the ATPS with
PEG 1500, it was possible to optimize the
experimental conditions for the purification factor
For the systems with the PEG 4000 and 6000 and

. : . potassium phosphate, in both cases with 4% (w/w)
(PF) with a correlation factor of 0.83, validated b of polymer and 21% (wiw) of salt, it was possible

the variance analysis by way of the F test, Whelto obtain the purification factors of 2.1 and 2.2-

the calculated F-value was 3.4-fold higher tha : .
the listed F-value (Table 8), allowing for theTOId' recovering 100 and 73.5% of C-phycocyanin

construction of the response surface and conto" the top phase with purities .Of 1.12 and 1'2.4’
diagram (data not shown). PE represented the respectively. The maximization resulted in

: increments of between 30 and 40% in the
?&rﬁ%tgip?ﬁ e?;ﬁggiinﬁlizge glycol 8000 g/gmo purification factor of the target protein. Overall,

the results reported here demonstrated the
PF = 1.21 — 0.16*[PE&od (11) importance of the search for the optimization in
the purification steps, mainly when applied to
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food, since low costs and high recoveries wer Spirulina platensisin microenviroments.World J
necessary. ATPSs could be an economi Microbiol Biotechnol.2002; 17: 439-442.
alternative using non-toxic reagents for the earlCosta, JAV, Linde GA, Atala DIP, Mibielli GM,

downstream stage, which could be used for foc Krueger RT. Modelling of growth conditions for
processes cyanobacteriumSpirulina platensisin microcosms.

World J Microbiol Biotechnol2000: 16; 15-18.
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