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Resumo

Macroalgas, Gracilaria vermiculophylla Extracdo Solido

liquido, Ficobiliproteinas, Ricoeritrina, Liquidos lonicos

Recentemente,0 interessepelos produtos obtidos de font
naturais tem crescido em relacdo aos produtos sintéticos. /
sendo, produtos extraidos de fontes naturais $&m alvo de
especial atencdo pela industria e pelo meio académigans
desses compostos interessantes mpodeer encontrados n:
macroalgas vermelhas, noatamente a fRcoeritrina, umadas
ficobiliproteinas mais valiosas presentes na macrodlgetudo,
a maior dificuldade encontrada na extragdpurificacdodesta
proteina fotossintéticaestd asswada a necessidade de
metodologia de extracdo e purificagcdo mais efieaz de mais
baixo impacto econémico e ambientalpaz de remover ¢
proteinas da biomassa, mantendo aestiauturaconformacional
e principaisatividades.

Neste trabalhoum conjunto de paranres experimentais d
extracdo foram otimizados, nomeadamente o solvente em
Vérias solucbes aquosas de liquidos i6nicos foram tested
extrag@o de ficobiliproteinasa partir da macroalga vermell
Gracilaria vermiculophylla Depois de otimizado ocempo de
extracdo,a razao soéliddiquido, o solvente, pH e concentraci
de solvente, foi possivalhegar a uma metodologia capaz
extrair mais 30% de ficobiliproteinagiando comparado com

meétodo convencional reportado na literatura.
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In the past few years, there has been an increased dema
natural compoursl over the synthetic ones. Thus, produ
extractedfrom natural sources have gained significant inte
among industries and academfdeveral of these interesting
compounds are present in red macroalgaenamely R
phycoerythrina phycobiliproteinHowever, the major drawbac
is associated with the demaridr more effective with low
economic and environmental impaettractionand purification
methodology capable to remove the protein from the bion
while maintaining itsstructure conformatioand main activities.
Therefore, the search for efficientteaction technologies is ¢
utmost importance.

In this work, a set ofdifferent parameters of extraction ag
optimized such aghe solventused Aqueous solutions abnic
liquids were screened for thghycobiliproteinsextraction from
the Gracilaria vermculophylla Once optimizedthe time of
extraction, the solidliquid ratio, the solvent the solvent
concentrationandthe pH, it was possible tdesignan efficient
methodologycapableto enhancehe phycobiliproteinsextraction
in 30% when ®mpaed with the conventional extractio

methodology
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1. INTRODUCTION






1.1 Marine resources the particular case of macroalgae

TheEart hds surface 1 s mos $angseasoepresendimy oviery wat e
70% of it. Living aquatic resources have c¢
of the large area they represent, but also due to their renewable and sustainable
exploitation nature. Nowadays, aquatic resources alrpemlyde a significant number

of products and services such as food, energy antbasied products. Even so, it is

known that the use of these resources can be improvedhbyr deep and more
fundamentalunderstanding. Many national and international pnogranamelyCRER

2020(regional program active for the Centre Region of Portdlya includingAveiro)

andHorizon 2020program, have been developedrder to optimize and maximize the

sustainable exploitation of oceans, seas, and rivers. At the sameittis intended to

promote innovatiomiaking into accountthe bl ue biyot eslkckmehecg and ec
development, through creation of industry and jidfs

In this context, algae have gained special importance due to their biotechnological
potential. Tkse marine matrices are a rich source of many highly valuable
products/chemicals apart fromhe many applications they already have. Algae are
photosynthetic organisms that can be found all over the world, predominantly oceans,

rivers, lakes, streams, pa)cand marshes. Like plants, algae first need sunlight, carbon

dioxide, and water so they can convert the energy of sunlight into chemical energy

during photosynthesi2,3. The term fAal gaed is not easil
is consensudhatthey can range from small organisms, made up of just one cell, known

as microalgaeto multicellular organisms with many differentiated forms, known as

macroalgae or seawee@s3].

1.11 Macroalgae

Macroalgae are multicellular fagtowing organisms which can reach sizes up to 60
meters in length and can be found in salt or fresh WaleiThe use of macroalgae was
spread all over the world and under different forms and applications, namely as animal
food, remedies, and fertilizefd]. From the technological point of view, macroalgae
have been used as sourcesmafturalcolorants, phycocolloids, thickening and gii
agents those typically appliedh food industrieqd5,6]. More recently, the interest by

this marine biomass has been incesksince the biotechnological potential of different



species is known. Many macroalgae grow in extreme conditioasproduseng a wide
variety of primary and secondary unique metabol[i@s Its exploitation is now seen as

a potential source of newiochemicals andioactive drugs when considered #ir

many biological activities. Macroalgae produce carotenoids, terpenoids, chlorophylls,
phycobilins, polyunsaturated fatty asigolysaccharides, vitamins, sterols, tocopherol
and phycocyaninsamongothers[7]. These phytochemicals haveell-known health
benefits namely theiranticancer, aniinflammatory, antioxidant, antitumoral, and
antimicrobial activities, anticoagulant properties, possible-agsiy effect and
reduced risk of diabeteagpe 11[6].

Macroalgae have been identified ancbuped based on thepigmentationas green
(Chlorophyceag red Rhodophycegeand brown seaweedPljaeophycege[3]. The
green color of green seaweeds results from the content of chloroplayltéh found in

the macroalgae composition. The brown coloration of brown seaweed is related with the
dominance of pigments such as fucoxanthin masking the presemtkeofpigments
such as chlorophylla andc, -c#érotenes, and other xanthophylls. A simbahavior
describes theed seaweedince the presence of red compounds like phycoerythrin (PE)
and phycocyanin hide the color providey chlorophylla, -c#&roter, and a number of
unique xanthophyll£8].

1.1.2 RedMacroalgae

There are about 8000 species of red macroalgae, most of which grow in aquatic
environments. These are found in the intertidal and inirsigitidal to depths of up to
40, or occasionally 250 metg®. Some authors refer this maatgaclassas the most
important source of many biologically active metabolitesth a wide range of
biological activities namelycytotoxic, antiviral, antinflammatory, antimalarial, free
radical scavenger, neurophysiological, insecticidatj antimicrobial activities,among
others[8].

Thebiochemical composition of red macroalgagieswith species an@otentially with
location, seasonalityand growth conditiong7,9]. Proteins are one of the most
interesting groups of compounds foumdainly in red macroalgaedue to their
applications in thenealth sector[7]. Some redmacroalgaeare known for their high

proteinc content in some cases contang higher protein amountsthan the



conventional proteic-rich foodsnamelysoybea, cereals, eggs, and fi$h0]. As an
example,Porphyra teneravas reported in 1984 for itsigh protein content of 47% in
DW. However, theclassand abundance of proteins, as weltl@samincacid content,
are parameters thatrongly depend on the spexiand seasoifll], as described for
Palmaria palmatgprotein content rangg from 8% to 35%49]), for Gracilaria gracilis
(protein content rangg from 45% in Januaryto 31% in July of DW [12]) and for
Grateloupia turuturu(protein content rangg from 14% to 27.%% of DW, in the

summer and wintgd 3], respedvely).

1.2 Phycobiliproteins

Phycobiliproteins are the major photosynthetic pigments found in red macroalgae,
cyanobacteria, and cryptomonadsunicellular eukamtic algae[14]. These pigments

are predominant ligktarvesting pigmerprotein complexes organidein vivo in
supramolecular structures called phycobilisoii@dsPhycobilisomes are located in the

stroma, on the egtnal structure of thylakoichembranesKigure 1).

Lumenal surface

a E a E a E Lipid bilayer

@ PSII + phycobilisome attachment sites

O P8I, cytochromes, subunits CFq

=, Allophycocyanin
% Phycobilisome
¥ mmm Phycocyanin, phycoerythrin

Figure 1. Schematic representation of the phycobilisomes in the thylakoid membrane. CF: coupling
factor; PS: photosystem. Adapted fr¢®.

The association of phycobiliproteins allowisnultaneouslhythe transfer of light energy
(Figure 2) and the survival of living organisms at low light intensiti€g. In fact, the
phycobilisome work as energetic funrglin which morphology and energetics are

matched to allow the energy transfer from any one of the hundreds of chromophores to



the reaction centerfl5]. They are able to absorb light in spectral zones where
chlorophylla cannotthustransmitting this energy to the photosystem Il reactive center
with an efficiency greater than 90% 14].

s

Figure 2. Light energy transfer pathway in phycobilisoni@k

All phycobiliproteins have the same basic unit: a heterodimedofand b subuni
conventionally referred asonomer U and b subunits are chain
180 amineacid residues. Three of these monomers are associated to form the basic
building block of phycobilisomeshe ( Usfirimer. The trimers assenginto hexamers

with the help of linkage polypeptides, @spictedn Figure 3[9,16].

Subunits Monomer (ap) Trimer (aB), Hexamer (af)s

Figure 3. Schematic representation of a phycobiliprotein sutasgsemblage. Adapted frd8j.

The hexamers synthesis is the starting point to the formation of the wholergruicis
usual to divide the morphology of phycobiliproteins into two different structdines
core and theods (Figure 4). The core is composed by a set of three allophycocyanin
molecules, each composed of fdinked hexamers. They are placed in the middle of
the phycobilisomesbheingconnected to the thylakoid by polypeptides. The rods have a
shape of a stick and are mage of hexamers of phycoerythrin, gloerythrocyanin or
phycocyanin and aldmked by pdypeptideq9].
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Figure 4. Schematic representation of a the common phycobilisometsteuin red macroalgd8].

In the phycobilisomes, linkage polypeptides represent around 15% of the totah protei
cortent and have an important role, thation to the thylakoid membrane, stabilization

of the structure, and ensure the cohesion between phycobiliproteins. In fact,
phycobiliproteins and linkage polypeptide have different features: phycobiliproteins a
acidic and hydrophilic structures, whitbe linkage polypeptides aralkaline and of
hydrophobiaature[17].

Stepping back to the monomers, each one can carry either one, two or three
chromophores depending on the molecular specibéson@phore is the part of a
molecule responsible for its color, leading to differences in their optical properties. In
the case of phycobiliproteinghe chromophores are callgrhycobilins Eigure 5).
Thesespecifc structures are made up of four different kinds of eglesin tetrapyrroles

that are covalently bound to cysteins of the apoproteathioether bond§l5,16] The
phycobilins are the purpleolored phycobiliviolin (PXB), the blueolored
phycocyanobilin (PCB), the retblored phycoerythrobilin (PEB) and turquoibéue
coloredrepresented bghe phycourobilin (PUB).



Peptide-linked Phycobiliviolin (purple) Peptide-linked Phycocyanobilin (blue)
PXB PCB
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Peptide-linked Phycoerythrobilin (red) Peptide-linked Phycourcbilin (turquoise-blue)
PEB PUB

Figure 5. Molecular structure of the four chromophores of phycobiliprotghs

The phycobiliproteins are usually classified into four classes basethennlight
absorption behavior: phycoerythrin with m ¢
rangng bet ween 540 and 570 -620nm), pllophycaryaym ni ns (
( #ma x -6=5 56 5n0m) and phycoer yoOhnmyl8ly Al nhese ( ama x
molecules differ in the aminacid sequence, number of chromophgressubunit and

type of chromophores Table 1 summarizesthe composition of the individual

phycobiliproteins).

Table 1. Molecular species of phycobiliproteinsdapted fron{16].

Phycobiliproteins Subunit Chromophores in

composition  Usubunit b-subunit 2-subunit

Allophycocyanin (APC)

APC ( Usb) 1 PCB 1 PCB
APC-B ( U.0MB0 1 PCB 1 PCB
Phycocyanin (PC)
C-PC ( Ush) 1 PCB 2 PCB
R-PC ( Usb) 1 PCB 1 PCB, 1 PEB
Phycoerythrocyanin ( Usb) 1 PXB 2 PCB
Phycoerythrin (PE)
C-PE ( Ush) 2 PEB 3 PEB
b-PE ( Ueb ) 2 PEB 3 PEB 2 PEB, 2 PUB
B-PE ( Ueb ) 2 PEB 3 PEB 2 PEB, 2 PUB
R-PE ( U ) 2 PEB 2 PEB,1PUB 2 PEB, 2 PUB




Al l ophycocyanin is mo s g With a dheldculan weaight ofy a tr
approximately 110 kDa. Both U and b subuni
the blue color to this phycobiliprotein. Its maximum absorption wavelengtbsisribed

at 650 nm, corresponding approximately to the second maxinfuanlorophyll b.
Allophycocyanin is one of the core constituents of macroalgae and it possesses an
intermediary function in the energy transfer mechanism through the chloraphyll

reaction centerg9]. The content in allophycocyanin is the less significant in the
phycobiliproteins, representing only 5% of the soluble proteindPamphyridium

cruentum Phycocyanin canbe found in some organisms like cyanobacteria,
Rhodophytaand Cryptophyta Two types have been describedpi®/cocyanin, which
characterizes the cyanobacterial pigments; anghyocyanin,thus representing the
red-macroalgal biliprotein§9d,15]. This chromophore is also identified iy blue color

and both U an ding®CBschromophorésbunphissaset 88 b subuni t
has two chromophore3gble 1).

Phycoerythrocyanin was firstly described in 1976 by Bryant andarkiers[19]. This
phycobiliprotein is known by its purple coléthycoerythrocyanin can be foumdboth

(Ubdr d Stfictural forms. The PXB is a chromophore specific of
phycoerythrocyanin and it is located on U
chromophore$9]. The protein and chromophore structures of phycoerythrocyanin and
phycocyanin ar e v e r y -subunimwith attre , subsitutiore qf t i n
phycobiliviolin for phycocyanobilif16].

Phycoerythrin is the main pigment found in red macroalgae but it can also be found in
cyanobacteria. Depending on the specie, differemmgo of PE can occur: R-
phycoerythrin R-PE), for Rhodophyta B-phycoerythrin (BPE) and bphycoerythrin

(b-PE), for Bangiales; €phycoerythrin (EPE), for cyanobacteriaB-PE and RPE are

the most abundamghycoerythringn red macroalga9,15]. PEisc omposed of ( Ub
complexes with a molecular weighanging from 2400 260 kDa, except ®E which

do not h subenit [R16]y Figure 6 represents the UWis spectra of
phycobiliproteins. Phycobiliproteins exhibit different behaviorsvhat concerngheir

light absorption characteristics, beitigusa gooddifferentiatemethod.Exceptionally,
R-phycoerythrinhas a special absorption spectrumtsmnative state with a thrggeak

absorption maxima at 565, 539 and 498[26j.
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Figure 6. Absorption spect of phycobiliproteins(A) Phycoerythrin (1= R-PE, 2 = BPE, 3 = GPE);
(B) Other phycobiliproteins (4 = Phycoerythrocyanin, 5 splR/cocyanin, 6 = ghycocyam and 7 =
Allophycocyanin)[15].

1.3.R-Phycoerythrin (R-PE)
1.3.1 Structure and Stability

R-phycoerythrin(Figure 7) is a( Ugb ¢omplex composed of subunits with different
wdi kiDtas-2 1bJk Dla9:8 5a rj20]. Bhe incBeMenkoD a
s Rrghycoerythrin in stomparison with other phycobiteins, has an
this protein. Si
istrimersicanflersng & High stapilitybto this prot¢ai].
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Figure 7. Crystal Structure oR-phycoerythrinof Gracilaria chilensisat 2.2 Angstroms (protein chains

are colored from the ferminal to the @erminal using a spectrablor gradient]22].

Several authors alreadyusied the stability oR-phycoerythrinaccording to different
parameters. Munier et al. (201[48] reported the stability dR-phycoeythrin extracted
from the red macroalgaGrateloupia turuturuin different conditions of temperature,

pH, and lightexposure timéFigure 8).
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Figure 8. Effect of: (A) temperature(B) pH; and (C) light exposure time on absorption spectra of

agueous extracts. The area in grey represents no statistical difference. Adapfdé@jfrom

Concerning the temperatuf€igure 8A), no significant modifications were reported up

to 40°C, regarding the absorbance or the fluorescence spectra, however it was possible
to conclude a decrease fiine intensity of the protein at 60°C and no absorption and
fluorescence spectra at 100°C. This loss of protein stability may be associated to the
decrease i n t-hebx distrbingthe pigmént stabilggs] Jowards pH
variations(Figure 8B), R-phycoerythrinseems do not be disturbed at pH values ranging
from 4 to 10, which is pred by the unchangeable co[dB]. At pH valuesbetween 2

and 3, the solutions &-phycoerythrinwere purplish, while at pH value$ bl and 12,

the intensity of the color is decreased until the solutions became colorless. This can be
explainedby the fact thasignificant changes in pH may result in the disturbance of the
electrostatic properties and hydrogen bonds involved in theiprassociation, that can
induce changes in the chromophore strucfligg. Very low pH levels may even cause

the dissociation of thé&rimers to monomers, monomers into individual suts) and

partial unfolding of the subunif23]. At last, all theR-phycoerythm absorption peaks

seem to suffer the impact of the time light expoglrigure 8C). After 48 h of light
exposure, the solutions tested became colorless and there is a clear redwitaaof

70% in theR-phyccerythrin concentratio18]. The authors concluded thie peak at

498 nm, corresponding fahycourobilinchromophore, is more staltlean the 540 nm

and 565 nm, corresponding to thmhycoerythrobilin chromophore, which is in
accordance with recent studi¢$8,20] This phenomenon is associated with the
chromophore structure and more likely with the double bonds in the rings of these

structures, making PUB stronger than PEB. Briefly, Munier ardaders[18] proved



the R-phycoerythrin stability for nonrextreme environmental conditions, without
denaturation and consequent declin®gdhycoerythrinconcentration.

GallandIrmouli and collaborators (2000) also studied the stabilitiRafhycoerythrin
from the red macroalg®almaria palmate[20]. R-phycoerythrindisplayed a good
stability for a range of pH values between 3.5 @ridand for temperatures up to 60°C,
since there w&re no significant modifications in color and fluorescence spectra of the
protein. This range of pH in which it was proved the good stabilifg-phycoerythrin

is in concordance with Kawsar and-workers for R-phycoerythrinfrom Amphiroa

ancepq?24].

1.3.2 Techniquego enhance theextraction of R-phycoerythrin

Actually, the knowledge about the variations of the biochemical composition levels
according to species, geographic area, seaswh environmental conditions are thus
relevant information to properly characterize atwhtrol the manipulation of red
macroalgaeThis information can lead to the development of strategies to enhance the
production of compounds with significant val[#b], namelyR-phycoerythrin For the
specific case oR-phycoerythrin there are some published studies in which it was
determinedhe R-phycoerythrincontent under different environmental conditions such
as salinity, temperature, light exposure, and nitrogen uptake for different spfex@ds o
macroalga€[25i 29]. Baghel and dtaborators (2014)25] studied the influence of
different degrees of salinity (260 a ) and t e#5Q@® madhe dailyegroftl2 0
rate andR-phycoerythrinand Rphycocyanin content of the marine red macroalga
Gracilaria crassa The man results showed that different optimal conditions should be
performed in order to enhance the production eitherRiphycoerythrin or R-
phycocyanin. The maximum daily growth was
being these conditions representing tiighest R-phycoerythrincontent (444.7+1.9

e g fresh weight basis) achieved, ilehthe best conditions for-Bhycocyaninwere
represented by 3 0[25] Apart frenaboth empergture@andisali@ity, U C
one of the most important parameters to be cofgblis the nitrogen source and
concentration. An environment deficiency in micronutrients may have a dramatic effect
on the cellular pigmentation, and consequently on the quantit-piycoerythrin

present in te macroalgae biomass. When the nutrient is nitrogen, its deficiency leads to
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a biliprotein synthesis inhibitiof20]. Macroalgae can use a wide variety of nitrogenous
sources to fulfill their requirenmés in nitrogen, namely ammonia, nitrate, urea, amino
acids and nucleosides, being/ and. ( the primary sourceR7]. In general, the
nitrogen addition is responsible for the increase of the photosynthstityaand thus,

for the growth ofmacroalgagsince it is an essential element incorporated in to many
organic macromolecules (proteins, nucleic acids and pigments). Kim awdrkers

[27] proved that the specific growthte andR-phycoerythrincontent increased with the
increase of the ammonium concentration for all red macroalgae studied. However, for
some species, namelyorphyra leucostiGt Porphyra linearis and Porphyra
umbilicalis the R-phycoerythrinconcentratia was affected by temperature at high
ammonium concentratio@ther studies report the influence of light sources of different
wavelengths in the red macroalgae metabolism, growth and pigmentation composition.
GodinezOrtega et al. (2008) found that cuksrofHalymenia floresiiexposed to blue

and red light were stimulated to synthetize phycoeryli2éij

1.3.3Applications

Nowadays there is an increasing demand and preference for natural products and
compounds. Due to their characteristiBsphycoerythrinand other phycobiliproteins
have gained special significance in many different commercial sectors. The high
solubility in water, stability, and proteinic nature has lead much attention in the food,
pharmaceutical, cosmetic, and textile indestrfi9,18]. In the food indusy, these
structures are mainly applied as red fluorescent colorants especially for jellified desserts
and dairy products and for the production of functional food, a redentvery
promising field. R-phycoerythrinis also pointed out in some areas tedia with
medicine, namely clinical medicine, diagnosis, and biomedical res¢zd®thdue to

their excellent optical and spectroscopic properties, high absorption coefficient, and
high fluorescence vyield. It is especially used as fluorescent probe in flow cytometry,
microscopy, immunochemistry, and in diéat biomedical reagent formulatiof3].
Moreover, R-phycoerythrincan be used as an internal marker in electrophoretic
techniguesand size gel exclusion chromatography siReghycoerythrinchromophore
groups have a deep rose color &ghycoerythrinsubunits have low molecular weight

[14]. It also possesses some biological activities, namely their role as antioxidant,
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antidiabetic, immunosuppressive and antihypertensive chemicals. It was also reported
their anticancer activity, inwhich R-phycoerythrincan help to improve the selectivity

of photodynamic therapy, activity tested recently in mouse tumor cells and human liver
carcinoma cell$9,31].

Beside allreferred applicationsga novel and promising application has emerged Rer
phycoerythrinand other phycobiliproteins. They can be used in g¢hergy field,
regarding e production of organic solar cells of photovoltaics panelsc al I-ed fAdy e
sensi ti zed Thesehaeithe ab#ity tosconvert photons into a flow of
electronslt was already developed a similar concept usinigrophylk (Figure 9) and
anthocyanins[32] for the same propose consisting iofprove the absorption and
conversion of sunlightnto energyand at the same timenaking this processnore
envionmentdly friendly, safer andcheaper[33i35]. Despite the application of
chlorophylls [36,37] in dye-sensitized solar cellshe luminescent solar concentrators
(LSC) are also devices with crescent imamce in the energy field, which can be
improving the advantageous nature of the photovoltaic panels, since disptey

higher efficienciesat lower costs[38]. Nevertheless, the use phycobiliproteins can

mean an improvement compariwih the devices made of chlorophyll due to thary

high photoluminescent efficiencyigh absorption coefficientand stabity [39,40]

Mulder etal. demonstratéhe efficency ofthe LSC employingphycobilisomeg41].

Figure 9. Dye-sensitized solar cells made up with chlorophf3is].
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1.4R-phycoerythrin Extraction Procedures

The initial condition of the macroalgae can range from fresh, frozen or {fdeerk
[42,43] In order to increase the contact surface between biomass and the solvent, the
macroafjae are usually grounded in liquid nitrogen and the resulting powder is then
homogenized in the chosen buffer. The main objective of grinding in liquid nitrogen is
to help the disruption of the cell wall, which is the biggest obstacle to access and extract
the proteins from the macroalgae solid biomdgg. Attempting to the water soluble
behavior ofR-phycoerythrin it can be extracted by soaking seaweed in water for one or
more days. The extraction process occurs due to the osmotic shock in the cells.
Nevertheless, this procedure exhibits some significant disadvantages, since this type of
extraction is doe in longtime terms and thyghe proteases can promote the partial
degradation oR-phycoerythrin[9]. Severabrocedures used (sodium) phosphate buffer
(5-50 mM, pH 7) as solvent to extract tRgphycoerythrin18,20,44]

Since processes of grinding in liquid nitrogen are expensive for the indgsalaland

with lower efficiency, enzymatic hydrolysis of the cell wall has been suggested as an
alternative method to extract the proteif®. The presence of high amounts of
polysaccharides is reported as a limiting step regarding the contact between the solvent
and the protein content, thus reducing significantly the extraction efficiency.
Polysaccharides, such aglans, agar, carrageenan or alginates, are present in large
guantities in the cell wall of many red macroalgae. Furthermore, the strong covalent
bonding between miinked xylan and glycoprotein complexes, already reporte® for
palmatg is also an obstée to overcomd45,46] However, enzyme treatments have
been recently demonstrated to be an effective method f&-fig/coerythrinextraction

[9,46]. Dumay et al. (2013) founB-phycoerythrinextraction yield is 62 times greater

than without enzyme treatme6]. Other conventional techniques are normally
associated to the extraction process, namely centrifugation aiming at to remove
insoluble particles, to obtain a water soluble extractrevipdycoerythrin is dissolved.
Table 2 shows a compilation ofR-phycoerythrin extraction procedures already

established and theiespectiveextraction yields.
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Table 2. Enumeration and ecoparison of extraction conditions and respectivehigcoerythrin yield of extraction from different red macroalgae species. The data are

arranged by publication date.

Extraction Conditions R-PE Yield in
Extract Initial Condition Solvent Solid-Liquid Temperature Time Crude Extract Ref.
Ration (m/v) (°C) (mg.gY)
. . Phosphate buffer }
Audouinella saviana Fresh and Cryogrounded 5 mM (pH 6.8) 15 4 24 h nd [47]
20 mM sodium
Corallina officinalis Fresh and Cryogrounded phosphate buffer 150 g alga 4 nd nd [48]
(pH 7.1)
POE)&LS;;IT ::hg Zg}haw FreezeThaw
Ceramium isogonum Air-Dried +p ' 15 g alga® cycles of-20 nd nd [49]
1.5% sodium nitrate and 4°C
Paassium Phosphat
Gracilaria longa Fresh and Cryogrounded buffer 50 mM(pH nd 4 24 h nd [44]
6.8)
: , Phosphate Buffer x 3 x 1 min (at .
Palmaria palmata Freezedried and Cryogrounde 20 mM (pH 7.0) 1:4 nd 24000 rpm) 2.26 [20]
1.1 Room 1.50
Gracilaria verrucosa Fresh Fresh Water 1:2 Overnight 1.27 [50]
- Temperature
1:3 1.15
Sodium Phosphate
Corallina elongateEllis & . buffer 10 mM . N
Solander Freezedried W/ 100 mM NaCl 1:3 nd nd 0.6 [51]
(pH 7)
Sodium Phosphate
Polysiphonia urceolata Frozen buffer 20 mM (pH 30 g alga 20 2h 33.3 [43]
7
Polysiphonia urceolat&rev Frozen Distilled Water 1:3 4 24 h 1.57 [52]
_ _ Fresh leafy gametophyte o 5:100 FreezéThaw 18
Porphyra haitanensis - Distilled Water cyclesof -25 nd [53]
Fresh fiamentous sporophyte 5:200 and 4°C (3x) 12
Grateloupia turuturu Freezedried Potassium Phospha nd nd nd 2.75* [42]




buffer 20 mM (pH
7.1)

Distilled Water 2.79*
Potassium Phosphal
Fresh buffer %(.)1|)”nM (pH 1.07
Distilled Water 1.00*
: . -~ ) * Low *
Grateloupia turuturu Freezedried and Cryogrounde¢  Distilled Water 129:1000 Temperature nd 0.38 [54]
10 minina
Phosphate buffer Ultrassonic
Heterosiphonia japonica Fresh Saline 50 mM 1:4 4 Cell nd [55]
(pH 7.4) Disruptor
(350 W)
Phosphate buffer FreezéThaw
Porphyra yezoensideda Fresh and Grounded 10 mM (pH 6.8 7:75 cycles of-25 nd 6.06 [56]
pH 6.8) o
and 4°C (x3)
Phosphate buffer
. saline 50 mM
Amphiroa anceps Fresh and Crushed W/ 150 mM NaCl 7:100* 4 nd 47.14* [24]
(pH 7.4)
Sodium Phosphate
Porphyra yezoensis Frozen buffer 50 mM 1.5 nd Overnight nd [57]
(pH 6.8)
Freeze 3.1
dried Medium pieces )
*b
FFresh Acetate buffer 3.3
. reeze . 1.15*
Palmaria palmata dried Small pieces 50 mh/l(pH 5) 1:100* 40 nd [46]
Fresh Xylanase 4.36%
Fre_eze 3.8%
dried Cryogrouned )
Fresh 3.6*
. . . Phosphate buffer Freez&Thaw .
Gracilaria lemaneiformis Freshand Grounded 10:25 cycles of-25 Overnight 1.73 [30]
10 mM (pH 6.8) and 4°C




Portieria hornemannii Fresh Zgo;ﬁﬂh?;zb#fzfir 10:25 Free(i%';haw 1.23 [58]
Sodium Phosphate
Grateloupia turuturu Freezedried and Cryogrounde( buffer 20 mM 1:20 4 20 min nd [18]
(pH 7.1)
Phosphate buffer
Porphyra yezoensideda Dried saline 50 mM 15 nd nd 2.0 [59]

(pH 6.8)

Note: *Refers to Dry Weift; 2No reference about the volume of buffer usehund by graph valuesg: no data.




Solutions of purified phycobiliproteins are expensive and their prices are still
increasing Their global market is being estimated at US$50 million with estimated
yearly growths of 10%60]. Considering the European scenario, the lab market prices
of the native pigment (O 38%0daf mgrobueéei chnari
1 3 0 Oguférnerosslinked pigments (buffered solutions with antibodies ather
fluorescent molecules). The ipes change with companig60], quantity supplied,

purity, protein stability and sourceDifferent methodologies have already been
proposed to isolate and purifirR-phycoerythrin Usually, these procedures of
purification are a combination of some techniques to reach better purity ratios. The
purity of R-phycoerythrinis (usually measured by a ratio of absorbance values
represented by #5Azgo0. It is normally considered as an indication of the purityRof
phycoerythrintowards all remaining contaminant proteins also removed from the solid
seaweed in the extraction process, and how bigger this value is, the purest is the liquid
extract inR-phycoerythrin Taking into consideration all information here desatjlbe

is concluded that these obstacles make Righycoerythrinextractsbecome more
expensive and are demanding the search for the development of new and more simple,
faster and at the same time, efficient extraction technologies. This, allied with the
increase interest of the industrial and academic communities for the marine resources
(important demands othe Horizon 2020 and CRER 202p has been attracted

researchers to develop b&phycoerythrinextraction processes.

1.5lonic Liquids (ILs)

lonic liquids (ILs) are salts usually composed by large organic cations and organic or
inorganic anions. Due to their legharge density and low symmetric ions, ILs melting

point are, by general definition, below 100M1]. These salts are know
solvent so due t o-chahge oftheirfptopenies thiowgld thenddferantr e
possible combinations ofheir ions This is a very important and supplementary
advantage since thermophysical properties, biodegradation, toxicolqymaérties
hydrophobicity and solution behavior can be adjusted according to the IL application

[61,62] ILs can be designed for a particular process, allowing thus the manipulation of

their extraction capabilities for specific biomoleculé3]. Th e choi c eatianf t he |

and anion EFigure 10 and Figure 11) candetermine theirhtermophysical properties,
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namely their water miscibility64i 66]. Only in the past few years these compounds
have been extensively studied due to the synthesis of-stabde ILs, as well as task
specific compoundfs1]. Thus, the development aethergenapplications of new ILs

have significantl increased, which is clearly represented by the number of publications
regarding ILs which have been exponentially increasing since, 1886 2500
publications, until now, with almost 13W0 publicationsiILs are associated to some
particular charactestics due to their ionic character. They are defined by some physico
chemical advantages over conventional and molecular organic solvents. These
advantages include high solvation ability, high chemical and thermal stability, high
selectivity, excellent miowaveabsorbing ability, broad liquid temperatuange, and

high ionic conductivity{61,62,67] Besides, negligible dmmability and vapor pressure
whi ch gi ve them the [6&].b Moleoveo, fmanyi grgamie, n sol v
organometallic and inorganic compounds can be dissolved in ILs. All these features
make them promising alternatives to substitute the volatile organic compounds
generally applied in the baatalysis[67], in organic synthesif69], in polymerization

[70], in the dissolution of biomaterialgl] and, also very important, in extraction
processefsl].

Currently around 300 ILs are commercially available, and 1000 ILs are described in
literature[72]. From those, several can be potentially applied as extractive solvents for
different (bio)molecules, namely those applied in the formulationsffereint liquid

liquid extraction technologig$3].
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Oj/) k) N/>/ m) o n)
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R g e g e < HO\/\O/\/ < Pl N 1
0) p) Q 1)
Figure 10.1 L 6 c a t-Alkyla3anethylnjidazblium b) 1-alkylimidazolium c) 1-alkylpyridinium; d)

1-Alkyl -1-methylpyrrolidinium e) 1-allyl-3-methylimidazolium f) 1-hydroxyethyi3-
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methylimidazolium g) 1-carboxymethy3-methylimidazolium h) 1-propylamine3-methylimidazolium
i) 1-(4-sulfonylbuty)-3-methylimidazolium j) 21-cyclohexyt3-methylimidazolium k) 1-benzyt3-
methylimidazolium 1) N,N-dimethy(cyanoethyl)ammonium m) 2-(dodecyloxy-N,N,N-trimethyl-2-
oxoethanaminium n) N,N-dimethylammonium o) choliniumy p) dimethylcarbamate N,N-
dimethylethanolammoniuyg) N,N-dimethykN-(2-hydroxyethoxyethyl)ammoniumr) N,N-dimethy2-
methoxyethyl)ammoniur{61].

Br ) .
o F_l — / N\ ﬁ | ﬁ
Foo) l N& %N 7O/N+\ . Fac—ﬁ |\|—|s|,—CF3
oH  d) D ) b) 0 o i
N—= S e
o}
\\/o o}
F l<F S\\ 'O—ﬂ—o Ho—ﬂ—o H0—|F|>—0
F/| F || ” |
F OH
i)} k) 1) m) n)
o) o o
I ) //0 [ R I o
RIS VA R
o} (o) 0 F 0 R o
0) p) Q) 1) s)

Figure 11 | L 6 a )i kromile b) chloride c) iodide d) hydroxide e) thiocyanate f)
tetrafluoroborate @) dicyanamide h) nitrate i)  bis(trifluoromethylsulfonyl)imide; j)
hexafluorophosphatek) tosylate 1) sulphate m) hydrogenosulphaten) dihydrogenophosphateo)
dialkylphosphatgp) alkylsulphate q) methylsulfonater) trifluoromethanesulfonates) alkylcarboxylate
[61].

All high-value compounds extracted from solid biomass with ILs start with a step of
solidi liquid extractions (SLE) to remove the target chemicals form the solid residue. In
order to reach higher extraction yields, some of these SLE processes were coupled to
alternative échniques, in particular microwaassisted extraction and ultrasound
assisted extractiorj61]. Several compounds were alreadtudied regarding their
extraction from various biomass matrices and applying ILs, nanadkgloids,
flavonoids, terpenoids, aromatic compounds, phenolic acids, lipids, and natural

mixtures, such as essential oils, suberin and sap@@ifsThis first step of extraction
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contributes for the extraction of other chemicals usually designated by contaminants
and, depending omhe conplexity of the biomass, these contaminants can be the
principal chemicals present in tliguid crude extract formed, but from the point of
view of concentrabn. It is in this context thathe search for technologies with the
capacity to separate the matontaminants from the valuable target compounds has
become essential. ILs can play an important role in this scenario, namely considering
their use as solvents applied in the formulations of aqueous biphasimsygie

commonly designed ABS).

1.6 Scopes and Objectives

Previous experiments pointed oRtphycoerythrinan interesting protejntaking into
accountsomeof their prgertiessuch as, high solubility in water, stability towards
temperature, pH and time of storas8], good optical and spectroscopic properties
[73], and its bioactivity[7]. This proteinalso provides the possibility of humerous
applications invarioussectors namely in the food, pharmaceutical, cosmetic, and textile
industries, and also in clinical medicine, diagis, and biomedical resealf&.
Regarding the importance Bfphycoerythrinand the new differentiated domaohthe
regional progranCRER 202@nd the European prograrorizon 2020centered in sea
and marine resources as a sustainable biofdsshe aim of this work is to use an
abundant sea biomass in order to extthet proteinic pigments, and particular R
phycoerythrin, considered the biomolecutg#shigh addedvalue. These pigments, with
particular focus in the Rphycoerythrin will be extracted from the red macroalgae
Gracilaria vermiculophylla taking into account the search and application of alternative
extraction technologies baseah dLs. This macroalgawas chosen for its high protein
content[5], principally R-phycoerythrir{7]. In this context, this work will be divided in
threemajor tasks as described below:

Task i) determination of an analytical method for the R-phycoerythrin
quantification

Task i) application of different ILs on the extraction oR-phycoerythrin fom
the fresh solid biomass avoiding drying costs and taking advantage the high water

content of the macroalgaé this task, the objective is to apply various ILs aqueous
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solutions inthe solidliquid extraction of Rphycoerythrin aiming at the creation of
crude extracts rich in the proterpigments

Task iii) optimization ofthe mainparameter®f the extraction process, namely
thetime of extractionthe solid-liquid ratio, the pH, andthe concentration o$alt present

in the buffer aqueous solution
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2. EXPERIMENTAL
SECTION






In this section, methodologiesare described regardinghe optimization of a
conventional methodology arttie development of an alternativend more efficient
methodolgy for the extractiorof phycobiliproteins andR-phycoerythrinfrom the red

macroalgaGracilaria vermiculophylla

2.1 Materials and Methods

2.1.1 Materials

2.1.1.1Macroalga

FreshGracilaria vermiculophylla(Figure 12) wascollected in a growing environment
of aquaculturg40.60°N and-8.67E) in October 2014FebruaryApril, June July, and
October2015. It was kindly provided by ALGAplus Ltda, a company specialized in the
production of marine macroalgadecated in Aveiro, Portugal. After the harvesting of
the macroalgae, the samples weleaned andvashed with fresh and distilled water at
least 3 tines. Algae were weiglgdand then stored in a freezer-a0°Cuntil utilization.
Dried Gracilaria vermiculophyllavas also provided b&LGAplus andstored in a dried
recipientin the absence of light for further studies

SN —~

Figure 12. Photography of theréshGracilaria vermiculophyllacollected in Octobein the ALGAplus

tanks

2.1.1.2 Chemicals

The components of the sodium phosphate buffer,HR&/NaH,PQs), sodium
phosphate dibasic heptahydratéaHPQOy-7H20 (O 98 wt%), andsodium phosphate
monobasic NaHPQO; (O 99 wt%) were purchased frorBigmaAldrich® and Panreagc

respectively.



Bovine serum Albumin was acquired from Acros Organicand purified R-
phycoerythrinrvaspurchased fronsigmaAldrich®.

The series of -Alkyl-3-methytimidazolium chloride ILs [Gmim]ClI, induding the 1-
ethyl3-methylimidazolium  chloride, [@nim]Cl (98  wi%), 1-butyl-3-
methylimidazolium chloride, [@nim]Cl (99 wt%), 1-hexyl3-methylimidazolium
chloride, [Gmim]CI (98 wt%), 1-methyl3-octylimidazolium chbride, [Gmim]Cl (99
wit%), 1-decyt3-methylimidazolium bloride [Ciomim]Cl (98 wt%), 1-dodecyt3-
methylimidazolium chloride, [©mim]CI (>98 wit%), 1-methyl-3-
tetradecylimidazolium tdoride, [C14mim]CI (98 wt%), and other imidazoliumbased
ILs, including 1-ethyl-3-methylimidazolium acetatComim][CH3CO;] (98 wit%), 1-
butyl-3-methylimidazolium dicyanamide [Csamim][N(CN)2] (98 wt%), 1-butyl-3-
methylimidazolium trifluoromethanesulfonaf€smim][CFSGs] (99 wt%), 1-butyl-3-
methylimidazolium acetat¢Csmim][CH:CO,] (98 wt%) 1-butyl-3-methylimidazolium
dimethylphosphatd Csamim][DMP] (>98 wt%), 1-butyl-3-methylimidazolium tosylate
[Csamim][Tos] (98  wt%), 1-butyl-3-methylimidazolium  methanosulfonate
[Csmim][CH3SGs] (99 wit%), 1-butyl-3-methylimidazolium thiocginate [Camim][SCN]
(98 wt%), 1-butyl-3-methylimidazolium trifluoroacetate, [@im][CFCO;] (97 wt%),
1-ethylimidazolium acetate[C2im][CH3CO;] (97 wt%), were acquired fromolLiTec
(lonic Liquids TechnologiesGermany as well as theemaining nitogenbased cyclic
ILs, 1-butyl-1-methylpiperidinium chdride, [CGmpip]Cl (99 wt%), 1-butyl-1-
methylpyrrolidinium acetate [Csmpyn][CH3CO;] (97 wt%) and 1-butyl-1-
methylpyrrolidinium chloride, [Gmpyrr]Cl (99 wt%), 2butyl-3-methylpyridinium
chloride [Campyr]ClI (98 wt%) choline acetate [Ch]JAc (>99 wt%) The
tetrabutylammonium chloride, [N 44Cl (97 wt%) and thecholinium chloride [Ch]CI
(99 wt)% werepurchased from SigraAldrich®. Tetrabutylphosphonium chlorigde
[P4,4,.44Cl, waskindly provided byCytecand was first dried before uséhe chemical
structures of all ILsand salts usedre depicted ifrigure 13.

The sodium salts used in this workamelysodium acetate, NaGBO,, and sodium
dicyanamide NaN(CN) (96 wt%), were acquired from BDH Prolabo and Alfa Aesar,
respectively.The water used was double distilled, passed by a reverse osmosis system,

and further treated with a MilQ plus 185 water purification apparatus.
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Figure 13. Chemical structure ahe ILsand salts used.

2.1.2Experimental M ethodologies

2.1.2.1R-phycoerythrin Conventional Extraction

The procedure adopted was based on a comreaitmethodology proposed by Liu and
collaborators [43] used to extract R-phycoerythrin from the red macroalgae

Polysiphonia urceolata using a common sodium phosphate bufférozen red



macroalgaesampleswere firstly grounded in ligid nitrogen and homogenized 20
mM sodium phosphate buffer (pH @t room temperatur@ an incubatorshaker (IKA

KS 4000 ic controlandprotected from the light exposufieigure 14). In the end of the
extraction, the red solution was filtered asdbsequently, the filtrateriginatedwas
centrifugedin a Thermo Scientific Heraeus Megafuge 16 R Centritatg&000 rpm for

30 minutesat 4°C. The resultant pellet saiscarded whil@ phycoerythrircontaining

red supernatant was collectaad he absorptiospectaweredetermined in the interval
between 2000 nmin a UV-Vis microplate reade¢Synergy HT microplate readér
BioTek). The quantification ofR-phycoeryhrin and total proteinsn the extractswas
made accordingo calibration curves(Appendix A: Figure Al and Figure A2,
respectively) previouslydeterminedn the same UWis equipmentResults are shown

in terms of concentration of phycobiliproteins instead of concentration -of R
phycoerythrin since the extracts are not purified and the absorption spectra of R
phycoerythrin may have the contribution of other phycobilipnstei

Different conditionsweretestedin order to optimize the extractiggrocessnamely the

time of exraction andhesolid-liquid ratio, once at a time

Figure 14. Shacker used in the extraction experimental procedure

2.12.2R-phycoerythrin Alternative Extraction

A very similar procedure oéxtraction was initially usedor the development of an
alternative methodology being he optimal conditions found for the conventional

extractionapplied At this time it wastesed the effect of differeniLs composed of



different anions and cations aqueous solutioior dried and fresh samples .
vermiculophyllapreviously groundedThe soldions of ILs were preparedn 20 mM
sodium phosphate buffer (pH in) order to reducéhe occurrencef significantchanges
on the pH valuesof the solutions However, since big changes of pH valuwesurred

pH wasadjusted to approximatel’ with a NaOH (1 M) solution.

2.1.2.3Surface Respons@lethodology

After the procesoptimizationregardingthe screening ofarious ILs aqueous solutions
as solvents, a surfaceesponsewas performed The Surface Responsklethodology
(SRM) is a collection of mathematical anstatisti@al techniquesused to explore the
relationship among several variablasan experiment in order to find, in this case, the
optimal conditionsof extractionfor various conditions of the process and at the same
time. The quantitativedatafrom a proper experimental design is usedettablish a
mathematicamodel, reducing asMdable cost$74]. Since this experiment involves the
combinationof two or more factors, it asused afactorial design responsirface In
this model, it is done a factorial study with two levels anfhctors (independent
variables). Theumber of runs of eaatxperimenis givenby the following equation:

¢ ¢Q 6o 1)
being 2 the number of factorial runsk the number of axial runs, an@xan mndom
number ofrepetitionsof the central pointwhich is expectable to be closer thest
extraction conditionslt is very important to have geral runs for the central point in
order to know the residual plot and, consequently, the standard deviation and the
repeatabilityquality of the experimentln the other hand, the axial points are edlth
adjust the exp@ment. Given the conditiorsndthe number of independent variables to
be studiedit was chosen a design called Central Composite Rotatasigripbeingthe

axial pointscalculated according tihe ; value,
| g 2)
wherez J is the distance between the central and axial ppnats
Three independent variablesre tested, namely thmncentration of sain the buffer

solution the pH of the solverisystem and the solidiquid ratio. Looking back to

equation 1), ana@onsideringk =3 with a total of 20 extractions, it wagerformed 8
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extractions for factorial points, 6 for axial points, and 6 repeats of the central point.
Moreover, for a =3 and considering the equation 2adopt a value of 68[75].

The Mcllvaine bufferwas usedn the exraction experimentss solvent and it was
prepared according T. C. Mcllvaine (194T¥]. The salt concentration for the central
point chosen was 0.5 M other to embrace large range of concentratigresccording

to themaximum solubility of NaPQu, the salt useth the preparation of this particular
buffer. Therefore, thesolid liquid ratio (SLR)chosen for the central point@s7 and it is

in accordance the previoassay®f this work and withseveral publishedorks (Table

2). In Table 3 the central point andhe calculatedfactorial and axialpoints are
identified

Table 3. Identification of centra(0), factaial (+ 1), and axial(x 1.68)points of a surface response with

three independent variables.

Axial Point | Factorial Point| Central Point| Factorial Point Axial Point

-1.68 -1 0 +1 +1.68

[Salt] (M) 0.2 0.3 0.5 0.7 0.8
pH 4.98 5.80 7.00 8.20 9.02
SLR 0.53 0.60 0.70 0.80 0.87

Once found alpoints tobe testedTable 3), and consideringhe design matrixTable
4) result of @ establisheanathematicaimodel[75], the applied conditions of extraction
were found for all threegariables in the 20 extractions perform@adaile 4).

Table 4. Design Matrix andiecoad conditiondor the surface respse dsignfor a Z experiment

Design Matrix Decoded conditions
Run ™ rsai pH SLR [salt] pH | SLR
1 -1 -1 -1 0.3 5.80 0.60
2 1 -1 -1 0.7 5.80 0.60
3 -1 1 -1 0.3 8.20 0.60
4 1 1 -1 0.7 8.20 0.60
5 -1 -1 1 0.3 5.80 0.80
6 1 -1 1 0.7 5.80 0.80
7 -1 1 1 0.3 8.20 0.80
8 1 1 1 0.7 8.20 0.80
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9 -1.68 0 0 0.2 7.00 0.70
10 1.68 0 0 0.8 7.00 0.70
11 0 -1.68 0 0.5 5.00 0.70
12 0 1.68 0 0.5 9.02 0.70
13 0 0 -1.68 0.5 7.00 0.53
14 0 0 1.68 0.5 7.00 0.87
15 0 0 0 0.5 7.00 0.70
16 0 0 0 0.5 7.00 0.70
17 0 0 0 0.5 7.00 0.70
18 0 0 0 0.5 7.00 0.70
19 0 0 0 0.5 7.00 0.70
20 0 0 0 0.5 7.00 0.70

Theanalysis of thesurface responsesultswasmade using the software STATISTICA
8.0 of Statsoft.

2.1.2.4Scanning Electron Microscopy (SEM)

About 1 mg of feeze dried samplesas deposited on carbon conducting tape and
coated with carbn. Scaniing electron micrasopy (SEM) images were obtainading a
field-emission gunSEM Hitachi SU70nicroscope operateat 15 kV and equipped with
anenergydispersive Xray (EDX) spectroscopy accessgBDX detector: Bruker AXS;

Software: Quantax).

21.2.5 Detection of R-phycoerythrin and contaminants on a 2D gel

electrophoresis

The protein profile ofdifferent crude extractcollectedwas investigated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (FIB&E). All samples were
diluted so the awunt of protein in each gel lane was about g5 This amount was
predicted taking into account the UV quantification of the total amount of proteins in
each phasélhe dectrophoresisvaspreparedn polyacrylamide gels (stacking: 4% and
resolving: 20%)with a running buffer consistingf 250 mM of Tris HCI, 1.92 Mof
glycine, and 1% of SDS. The proteins were stained with the usual staining procedure
[Coomassie Brilliant Blue @50 0.1% (w/v), methanol 50% (v/v), acetic 7% (v/v), and

water 42.9% (vA)) in an orbital shakerat moderate speeduring 23 hoursand at
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room temperature. The gels were distained in a solution containing acetic acid 7% (v/v),
methanol 20% (v/v), andiater73% (v/v) in an orbital shaker at a moderate syfeegD

rpm) during 34 hours at room temperature. SIPAAGE Molecular Weight Standards,
Marker molecular weight fullange (VWR), were used as protein standards. All gels

were analyzed using the Image Lab 3.0 (BR@D) analysis tool.
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3. RESULTS AND
DISCUSSION

































































































































