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Abstract Seaweeds are well recognized as a potential protein 
source. The edible green seaweed, Ulva sp., is abundant in the 
Brittany Coast, France. This study examined the extraction of 
proteins and glycoproteins from this seaweed. Four different 
extraction procedures (Procedure 1: deionized water, DW; 
Procedure 2: lysis solution 1 (LSI) containing 8 M urea, 2% 
Tween 20, 2% Triton X-100, 30 mM dithiothreitol, and 1% 
polyvinylpyrolidine; Procedure 3: lysis solution 2 (LS2) con
taining 50 mM Tris-HCI buffer pH 8, 10 mM F.DTA, 2 mM 
Na2S205, and 1% Triton X-100; Procedure 4: 50 mM Tris- 
HCI buffer, pH 8) were applied to extract proteins from Ulva 
sp. in Brittany. The protein contents (%, dry basis) in the 
above extracts from Procedures 1-4  were 4.36 ± 0.21,
11.88 ± 0.23, 10.34 ± 0.35, and 3.58 ± 0.48, respectively. 
Moreover, electrophoresis (SDS-PAGE) revealed that the pro
tein profile varies with season. Three glycoprotein-rich frac
tions, namely, GP-1 (from Procedure GP1), GP-2-DA, and 
GP-2-DS (from Procedure GP2), were extracted from Ulva 
sp. GP-1 and GP-2-DA fractions have a higher protein content 
than neutral sugars, while GP-2-DS contains a higher amount 
o f neutral sugars than proteins. Matrix-assisted laser desorp
tion ionization-time of flight/mass spectrometry (MALDI- 
TOF/MS) technique was applied to further proteomic analysis
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o f each glycoprotein-rich fraction. GP-2-DS was hydrolyzed 
with protease enzyme to confirm the availability o f proteins, 
and interestingly, the particular hydrolysate shows no 
original peaks in the MALDI-TOF/MS analysis. All three 
glycoprotein-rich fractions show no cytotoxicity in Vero cells 
at the tested concentration (500 mg dw mL '). Collectively, 
these results revealed that the extractable protein content and 
protein profile of Ulva sp. differ according to the extraction 
liquid system and the season. The utilization and value addi
tion o f proliferative Ulva sp. in Brittany as a protein source is 
promising but needs to consider the seasonal change o f the 
protein profile.

Keywords Ulva sp. - Seaweeds • Seaweed proteins • 
Glycoproteins • Nutraceuticals

In troduc tion

Seaweeds have been recognized for their potential health 
benefits and applications in the food (Ito and Hori 1989; 
Mohamed et al. 2012), pharmaceutical (Cardozo et al. 
2007; W ijesekara and Kim 2010), and cosm eceutical 
(Kijjoa and Sawangwong 2004; Kim 2014) industries. 
They are rich sources o f bioactive compounds such as sul- 
fa ted  p o ly sa c c h a r id e s  (W ije se k a ra  et a l. 2 0 1 1 a), 
phlorotannins (Wijesekara et al. 2010; Li et al. 2011), pig
ments (Pangestuti and Kim 2011), sterols (Wijesekara et al. 
2011b), peptides, and proteins (Fleurence 1999; 2004; Kim 
and W ijesekara 2010; Sam arakoon and Jeon 2012). 
Seaweed-derived proteins are an underexploited resource 
with potential applications in the food, pharma, cosmetic, 
feed, and other industries. The global importance o f sea
weeds as additional and sustainable protein source has been 
shown (Angell et al. 2016). Moreover, there has been an
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increased in terest to extract proteins from seaweeds 
(Galland-Irmouli et al. 1999; Wong et al. 2006; Cordeiro 
et al. 2006; Nagai et al. 2008; Yotsukura et al. 2009; Kim 
et al. 2010; Hamedy and FitzGerald 2013). The protein 
content o f seaweeds varies and depends on the species, sea
son, and environmental growth conditions (Peinado et al.
2014). Generally, brown seaweeds have lesser protein con
tent (7-16%, dry weight) than red (21%, dw) and green (10- 
26%, dw) seaweeds (Dawczynski et al. 2007; Fleurence 
1999). Seaweed-derived proteins contain mainly glycopro
te in s , ph y co lec tin s , enzym es, phy co ery th rin s , and 
mycosporine-like amino acids. Among these, glycoproteins 
are hypothesized to have a key role in physiological func
tion o f seaweed cell walls. However, their extraction, puri
fication, characterization, and the relationship between pro
tein and sugar moieties need to be explored. Various liquid 
systems such as distilled water (Fleurence et al. 1995; 
Galland-Irmouli et al. 1999; Angell et al. 2017), buffers 
and alkaline solution 0.1 M NaOH (Fleurence et al. 1995; 
K im etal. 2010), urea (Contreras etal. 2008), lysis solutions 
(Kim et al. 2010), and phenol-based extraction systems 
(Rice and Crowden 1987; Wong et al. 2006; Nagai et al. 
2008; Contreras et al. 2008) have been introduced and ap
plied to extract proteins from seaweeds.

The European seaw eed industry  is dom inated by 
Norwegian, French, and Irish production, while Spain, 
Portugal, and UK are small producers and suppliers 
(Peinado et al. 2014). In France, the Brittany coast has been 
extensively explored for its rich seaweed biodiversity includ
ing Ulva sp. (Fleurence et al. 1994; Hardouin et al. 2014, 
2016; Mabeau and Fleurence 1993).

Edible green seaweed Ulva sp. (sea salad) is well popular in 
Japan as “aonori” and used in Europe for soups and salad 
preparations. The nutritional value of proteins obtained from 
Ulva perlusa and U. armoricana, the digestibility o f  alkali- 
soluble proteins from U. pertusa, a comparison of different 
extractive procedures for proteins from U. rigida and 
U. rotundata, the use of enzyme-assisted extraction to yield 
antiviral and antioxidant fractions from U. armoricana, and 
isolation of four glycoproteins from U. lactuca have been 
previously reported (Abdel-fattah and Sary 1987; Denis 
et al. 2009; Fleurence et al. 1999; Fujiwara-Arasaki et al. 
1984; Hardouin et al. 2016). However, characterization of 
glycoproteins available in Ulva sp. for sugar composition, 
electrophoresis pattern, and biological activities is not yet 
completely explored. Therefore, in the present study, four dif
ferent liquid systems were applied to compare the extractable 
proteins and two different protocols were used to extract 
glycoprotein-rich fractions from Ulva sp. available in the 
Brittany coast, France. Matrix-assisted laser desorption 
ionization-time o f flight/mass spectrometry (MALDI-TOF/ 
MS) analysis was carried out to partially characterize the 
glycoprotein-rich fractions.

M ateria ls  an d  m ethods 

Chemicals

Chemicals and reagents used in electrophoresis analysis were 
obtained from Sigma-Aldrich (USA). Ammonium sulfate, 
(NH4)2S 0 4; ethylenediaminetetra acetic acid (EDTA); sodium 
thiosulfate; silver nitrate; trichloroacetic acid (TCA); Tris ba
se; polyvinyl propelene (PVP); dithiothretol (DTT); and gly
cine were from Fisher Scientific, UK. All other chemicals and 
reagents were analytical grade chemicals or reagents. 
Deionized water (DW) was obtained from a Milli-Q water 
purification and filtration system with 18 Mft.cni resistivity 
(Millipore, USA).

Seaweed Ulva sp.

Green proliferative seaweed Ulva sp. (Chlorophyta, Ulvales, 
Ulvaceae) was hand-picked in St. Gildas de Rhuys (47° 30' 0" 
N, 2° 49' 60'' W), Brittany, France (from September 2015 to 
March 2016) and rinsed with fresh water to remove adherent 
sediments, macro-fauna, and epiphytes. A sample voucher 
(Ulva sp. GlycoGreen 09/2015) is kept at the author’s labora
tory for future reference. The seaweed was then freeze-dried, 
powdered, and kept at 4 °C until proteins and glycoproteins 
were extracted.

Extractable proteins from Ulva sp.

Protein was extracted using four different liquid systems 
(Procedures 1-4), namely, Procedure 1: deionized water 
(DW); Procedure 2: lysis solution 1 (LSI containing 8 M 
urea, 2% Tween 20, 1 % PVP, 30 mM DTT); Procedure 3: 
lysis solution 2 (LS2 containing 50 mM Tris-HCl buffer pH 8, 
10 mM EDTA, 2 mM Na2S20 5, and 1% Triton X-100); and 
Procedure 4: Tris-HCl buffer (50 mM, pH 8). The freeze- 
dried Ulva powder was extracted with each liquid system 
(1:20, w/v) in the Procedures 1 -4  as previously described 
(Kim et al. 2010). Briefly, each extraction mixture was extract
ed for overnight at the cold room followed by centrifugation 
(10,000xg, 5 min at 4 °C). Each yielded supernatant was 
dialysed (molecularporous membrane tubing, MWCO 6 - 
8000; Spectrum Laboratories, Inc., Canada) overnight against 
DW and freeze-dried.

Extraction of glycoproteins from Ulva sp.

Glycoproteins were extracted according to two different pro
cedures published previously (Go et al. 2009; Habeebullah
2015) with some modifications.

Procedure GP1: The freeze-dried Ulva powder was extracted 
with distilled water (DW) (1:10, w/v) at 50 °C for 6 h with
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continuous stirring. The DW extract was collected by filtering 
through a nylon cloth and the above procedure was repeated 
for another two more times. All the three DW extractions were 
pooled and freeze-dried. The freeze-dried DW extract was 
then dissolved in 6 M urea solution (1:25, w/v, pH adjusted 
to 8.5 with KHC0 3 (aq)) and kept overnight at 4 °C with con
tinuous stirring. Then, the solution mixture was centrifuged 
(10,000xg, 10 min, 4 °C) and TCA (100%) was added to the 
supernatant to the final concentration of 5% (v/w). After over
night keeping at 4 °C, the mixture was centrifuged (10,000*g, 
10 min, 4 °C) and the supernatant was discarded. The pellet 
was dissolved in DW (1:100, w/v), adjusted the pH to 7, and 
dialyzed against DW for 2 days (6-8 kDa dialysis membranes, 
4 °C). After the dialysis, the pH was adjusted to 2 and centri
fuged (10,000xg, 10 min, 4 °C). The pellet was washed with a 
mixture o f absolute ethanol (EtOH) and diethyl ether (DE) 
(EtOH:DE = 3:1, 10 mL x 3 times), with EtOH (10 mL) and 
finally with DE (10 mL). Each washing step was followed by 
centrifugation (10,000xg, 10 min, 4 °C). The yielded pellet, 
glycoprotein isolate-1 (UvGP-1), was dried under a fume 
hood overnight, calculated (% o f original sample weight, dry 
weight basis), and kept at -21 °C till further analysis (Fig. 1 is 
an outline o f Procedure 1).
Procedure GP2: Freeze-dried Ulva sp. was soaked in DW 
(1:10, w/v) and continuously stirred overnight at 4 °C. The 
water extract was then filtered through a cotton cloth, and 
two volumes of ethyl alcohol (absolute; 1:2, v/v) were added 
to the filtrate to precipitate polysaccharides (overnight at 
4 °C). The upper layer was collected by filtration through a 
nylon cloth and the precipitated polysaccharides were 
discarded. Then, (NFL^SfLt salt was added to 50% saturation 
to the collected filtrate and kept overnight at 4 °C. The precip
itated protein-conjugated salt was separated from the liquid 
medium by centrifugation (10,000xg for 10 min at 4 °C) 
and dissolved in DW followed by dialysis (6-8 kDa mem
branes, 4 °C, 2 days) against DW. After the dialysis, two 
glycoprotein isolate fractions were yielded: the dialysis aggre
gates (UvGP-2-DA) settled at the bottom of the dialysis tube, 
and the dialysis soluble (UvGP-2-DS) isolate fractions. Both 
UvGP-2-DS and UvGP-2-DA were freeze-dried; the yields 
were calculated (% of original sample weight, dry weight 
basis) and kept at -21 °C till further analysis (Fig. 2 is an 
outline of Procedure 2).

Determination of extractable protein content

For protein quantification, the freeze-dried protein extracts 
(Ex. 1-4 from Procedures l~4) were dissolved in DW 
(1 mg mL-1) and the protein content was determined by the 
bicinchonic acid colorimetric method (BCA assay) in a mi
croplate according to the manufacturer’s guidelines (Thermo 
Scientific, USA). Similarly, Ulva and its extracted glycopro
tein fractions (UvGP-1. UvGP-2-DS, and UvGP-2-DA) were

Fig. 1 Glycoprotein extraction from Ulva sp.: Procedure GP1 (Go et al. 
2009)

hydrolyzed in 0.1 M HC1 for 3 h at 100 °C and kept in ice to 
cool for 10 min, followed by neutralization with the same 
volume of 0.1 M NaOH. The upper layer was collected for 
the quantification of protein content by BCA assay. Briefly, 
25 pL from the supernatant o f the extract was mixed with 
200 pL of BCA assay reagent mixture. The microplate was 
incubated at 37 °C for 30 min and the absorbance was mea
sured at 540 nm (Multiskan, Thermo Scientific). Bovine se
rum albumin (BSA) was used to develop the standard curve 
(0-500 tig mLH ).

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

For the extractable proteins, freeze-dried Ulva (0.1 g) was 
extracted with Tris-HCl buffer (50 mM, pH 8) (1:10, w/v)
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Fig. 2 Glycoprotein extraction from Ulva sp.: the Procedure GP2 
(Habeebullah 2015)

overnight at 4 °C and the upper layer collected for electropho
resis analysis. O f the Ulva protein extract, 200 \xL was care
fully collected from the upper layer and mixed with 800 jiL of 
acetone. The mixture was kept at room temperature for 2 h and 
then centrifuged at 10000*g for 10 min. The resulting protein 
pellet (~ 1 mg) was dissolved in 12 pL of loading buffer (10% 
of 50 mM Tris-HCl buffer, pH 6.8,40% of 10% sodium do- 
decyl sulfate solution (vv/v), 20% o f glycerol, 25% o f 2- 
mercaptoethanol, and 5 of 1% bromophenol blue solution) 
and preheated at 90 °C for 2 min prior to the SDS-PAGE 
analysis. For the extracted glycoprotein fractions; each frac
tion was dissolved in loading buffer at 2 mg mL”1 prior to 
SDS-PAGE loading.

SDS-PAGE was performed using a Mini Protean II elec
trophoresis system (Bio-Rad, USA) with 5% stacking gel and 
10% separation gel (Laemmli 1970). The molecular weights 
of bands o f die protein fractions were compared by reference

to the relative migration o f standard proteins applied: bovine 
serum albumin (66 kDa) and casein (22 kDa) proteins. The 
gels were stained with AgNC>3 (0.1 g o f AgNOj with 37 pL of 
formaldehyde in 100 mL of DW). The stained gels were re
vealed with Na2C0 3  solution (2.5 g o f Na2C 0 3 in DW with 
25 pL of formaldehyde). Further staining was stopped by 50% 
EDTA solution.

Neutral sugar content

Neutral sugar content o f the raw Ulva and its glycoprotein 
fractions were assessed according to Dubois method with 
slight modifications (Hardouin et al. 2014, 2016). Briefly, 
the samples were mixed with 75% phenol solution and cone. 
H2S 0 4 acid was added. After stirring for 10 s and incubation 
at 20 and 30 °C (10 min each), the absorbance was measured 
at 490 nm. Anhydrous D-glucose was used to obtain the stan
dard curve.

Matrix-assisted laser desorption ionization-time of flight/ 
mass spectrometry analysis Each glycoprotein-rich fraction 
(GP-1, GP-2-DA, and GP-2-DS) and the protease (enzyme 
Protamex, Novozyme, Denmark) hydrolysate o f  GP-2-DS 
and the enzyme used were subjected to MALDI-TOF/MS 
analysis. 2,5-Dihydroxybenzoic acid (DHB) was used as the 
matrix.

Cell culture

African green monkey kidney cells (Vero, ATCC CCL-81) 
were grown in Eagle’s minimum essential medium (MEM, 
Eurobio) supplemented with 8% fetal calf serum (FCS, 
Eurobio) and 1% of antibiotics PCS (10,000 IU mL”1 penicil
lin, 25,000 IU mL”1 colimycin, 10 mg mL”1 streptomycin; 
Sigma-Aldrich).

Cytotoxicity assays based upon cell viability

Cytotoxicity of the yielded glycoprotein fractions from Ulva 
was tested on cultured Vero cells, as previously described 
(Hardouin et al. 2014, 2016). Briefly, cytotoxicity was evalu
ated by incubating Vero cell suspensions (3.5 * 105 cells mL”1) 
with different concentrations of glycoproteins ranging from 1 
to 200 pg mL”1 diluted in supplemented Eagle’s MEM, in the 
wells o f a microplate. Cytotoxicity was tested by cell viability 
after 72 h incubation (37 °C, 5% C 0 2) using the neutral red dye 
method. Optical density (OD) was measured at 540 nm. The 
50% cytotoxic concentration (CC5o) was defined as the con
centration that reduced the OD of treated cells to 50% of that of 
untreated cells. CC50 values were expressed as the percentage 
of cytotoxicity:

(%C) : [(ODc)c-(O D c)uock/(O D c)c ] x  100

^  Springei
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where (ODc)c  and (0D c)MOqk are the OD values of the un
treated cells and treated cells, respectively (Langlois et al. 
1986).

Statistical analysis

All biochemical tests were done in triplicates (n = 3) and 
cytotoxicity was evaluated in quadruplicates (« = 4). The data 
are expressed as mean ± standard deviation. Duncan’s multi
ple range test was performed for the mean comparison at 5% 
significance level (p < 0.05).

Results

Extractable protein content

The extractable protein content (%, dw) varies according to 
the liquid system used (Fig. 3). LSI yielded the highest ex
trac tab le p ro te ins (11.88 ± 0.23) follow ed by LS2 
(10.34 ± 0.35). The DW (4.36 ± 0.21) and Tris-HCl 
(3.58 ± 0.48) extractions showed no significant difference. 
The use of organic liquid systems with protein extraction en
hancers increases the extractable proteins, but in the case of 
biorefinery o f this proliferative Ulva sp. for food and feed 
industry, these organic systems are limiting factors. A variety 
of extraction systems have been introduced to isolate proteins 
from seaweeds. However, the yield and purity o f proteins vary 
according to the seaweed species and the composition o f cell 
wall polysaccharides, which interfere with extraction and pu
rification. Moreover, the seasonal variations of the protein 
content of seaweeds need to be fully studied for sustainable 
industrial application.

14

DW LSI LS2 Trls-HCI
Fig. 3 Extractable protein content (%, dw) of different extraction liquid 
systems; DW, LSI. LS2, and Tris-HC! buffer. Data are shown as 
mean ± SD and means with the same letter are not significantly different 
at p  < 0.05

SDS-PAGE of Ulva sp. proteins

An electrophoresis technique, sodium dodesylsulfate poly
acrylamide gel electrophoresis (1 -D or 2-D) was used to iden
tify and determine the molecular weight o f dominant protein 
bands in the extracted seaweed proteins. Here, the Tris-HCl 
buffer-extracted proteins from Ulva sp. were subjected to elec
trophoretic separation and the resulting protein profile chang
es according to the season (Fig. 4). Interestingly, it has clearly 
expressed the sharp protein bands during the early winter 
months (October and November, 2015) than September 
2015 and March 2016. Moreover, some protein bands are only 
expressed during the early winter months.

Yield, protein, neutral sugar contents, and cytotoxicity 
of glycoprotein-rich fractions

In this study, two previously published procedures were used 
and Procedure 1 yielded glycoprotein fraction, GP-1 (yield;
0.54%), and Procedure 2 yielded two glycoprotein fractions 
namely, GP-2-DA, which aggregates at the bottom of the dialy
sis tube (yield is 0.52%, dry weight basis) and the soluble fiac- 
tion GP-2-DS (yield; 1.98%). Figure 5 presents protein and 
neutral sugar contents o f the three glycoprotein-rich fractions 
along with the original freeze-dried seaweed sample Ulva sp. 
(U). GP-2-DA has the highest protein content (33.42 ± 1.73%), 
fo llow ed by GP-1 (24.99 ± 0.95% ) and G P-2-D S 
(22.68 ± 1.74%). GP-2-DS has the highest neutral sugar content 
(28.58 ± 1.69%), followed by GP-2-DA (18.25 ± 1.7%) and

Replication 1 Replication 2

Fig. 4 SDS-PAGE protein profile o f Ulva sp. in Brittany, France. 
Electrophoresis was performed using a Mini Protean II electrophoresis 
system (Bio-Rad, USA) with 5% stacking gel and I0% separation gel. 
The molecular weights of bands of the protein fractions were compared 
by reference to the relative migration of standard proteins applied; bovine 
serum albumin (66 kDa) and casein (22 kDa). The gels were stained with 
AgNO, solution
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Viva sp. and its glycoprotein fractions
Fig. 5 Extractable protein and neutral sugar contents (%. dw) of yielded 
three glycoprotein-rich fractions; GP-1, GP-2-DS, and GP-2-DA 
(mean ± SD)

GP-1 (13.96 ± 0.47%). The freeze-dried Ulva sp. contains 
16.08 ± 1.14% of proteins and 24.09 ± 1.27% of neutral sugar.

Cytotoxicity assay has revealed that three glycoprotein-rich 
fractions show no cytotoxicity in Vero cells at the tested con
centration (up to 500 mg mL_1, in DW).

MALDI-TOF/MS analysis o f isolated glycoproteins

The MALDI-TOF/MS spectrum (Fig. 6) clearly indicates that 
the glycoprotein fractions consist o f proteins. The protease-

hydrolyzed GP-2-DS hydrolysate (GP-2-DS + E) does not 
show original bands as presented in the original fraction GP- 
2-DS. This was further compared with the enzyme (E) spec- 
hum and the both spectrums show almost similar bands. To 
the best of our knowledge, this is the first report on MALDI- 
TOF/MS analysis o f seaweed-derived (from Ulva sp.) glyco
proteins to ensure the presence o f protein part.

Discussion

The extraction of proteins from plant tissues is complicated since 
they contain interference constituents such as polysaccharides 
(lignin, cellulose, hemicelluloses) and phenolic compounds 
(Cremer and Van de Walle 1985; Granier 1988; Saravanan and 
Rose 2004). Hence, a phenol-based extraction procedure for pro
teins from plant tissues has been employed to overcome this 
issue (Saravanan and Rose 2004; Wang et al. 2006; Faurobert 
et al. 2007). Similarly, the main constraint in seaweed protein 
extraction is the presence of cell wall mucilage including anionic 
or neutral polysaccharides (Ito and Hori 1989; Fleurence et al. 
1995; Nagai et al. 2008). Another constraint is due to the low 
extraction of proteins, poor resolution in gel electrophoresis, and 
insufficient extract quantities for further analysis. Until now, 
most of seaweed protein extractions were performed to compare 
the efficacy of liquid system used to yield high protein extracts 
from seaweeds (Fleurence et al. 1995; Kim et al. 2010). Among 
the various extraction liquid systems, phenol-based extraction 
has been proved to be the most efficient (Wong et al. 2006; 
Nagai et al. 2008; Contreras et al. 2008). In this study, application

Fig. 6 MALDI-TOF/MS 
spectrum of three glycoprotein- 
rich fractions (GP-1, GP-2-DA, 
and GP-2-DS), the protease 
hydrolysate (GP-2-DS + E) and 
the enzyme (E)
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of lysis solution systems yielded higher extractable proteins com
pared to water and buffer. However, the recent trend is for green 
extraction conditions, specifically in the food and pharmaceutical 
industries. Hence, the water or buffer extraction of proteins is of 
much interest and recommended Moreover, it has been shown 
that the addition of distilled water (1:10, w/v) and holding for a 
few hours resulls in an osmotic shock and facilitates protein 
extraction from seaweeds (Fleurence et al. 1995; Barbarino and 
Lourenrjo 2005).

The protein content of seaweeds varies and depends on the 
species, season, and environmental growth conditions 
(Hamedy and FitzGerald 2011; Peinado et al. 2014). For ex
ample, the protein content of Palmaria palmata (Rhodophyta) 
is higher in the winter-spring period than in the summer-early 
autumn period (Galland-Irmouli et al. 1999). In this study, 
some protein bands were more clearly expressed during the 
winter months than in other seasons. Seaweeds may contain 
non-protein nitrogen (N, such as free nitrates, pigments, 
nucleic acids), resulting in an overestimation of their protein 
content (Angell et al. 2016) such as when using the general N- 
to-protein conversion factor o f 6.25 in the common Kjeldahl 
procedure). Therefore, N-to-protein conversion factors of 5.38, 
4.59, and 5.13 for brown, red, and green seaweeds, respective
ly, have been suggested (Lourenco et al. 2002; Makkar et al.
2016) and species-specific conversion factors have been deter
mined for some seaweeds (Biancarosa et al. 2017). Shuuluka 
et al. (2013) proposed a factor of 4.45 for Ulva spp.

Glycoproteins are available in all living organisms with the 
possible exception o f bacteria. To date, some glycoproteins 
have been isolated from seaweeds (Hwang et al. 2008; Go 
et al. 2009; Go et al. 2010; Rafiquzzaman et al. 2013; Choi 
et al. 2014; Habeebullah 2015; Rafiquzzaman et al. 2015a, 
2015b). However, their structures and functional roles in sea
weeds are yet to be widely investigated. In the present study, 
two procedures were used to yield glycoprotein-rich fractions. 
To the best o f our knowledge, this is the first study on glyco
protein extraction o f  Ulva sp. from Brittany, France. We 
followed two different procedures previously used to extract 
glycoproteins from brown seaweeds but slightly modified 
both procedures for green seaweed. Moreover, MALDI- 
TOF/MS analysis was performed in this research to analyze 
the glycoprotein-rich fractions for the first time. It has been 
previously published that seaweed-derived glycoproteins have 
health beneficial bioactivities such as preventing liver cells, 
promotes IEC-6 cell proliferation, anti-inflammatory, antioxi
dant, and anti-Alzheimer’s activities. Interestingly, cytotoxic
ity assay revealed that all three glycoprotein-rich fractions 
show no cytotoxicity in Vero cells. Glycoproteins are embed
ded in the seaweed cell wall matrix and believed to be incor
porated in seaweed adhesion to a stratum.

Another key type of the reported seaweed-derived proteins 
are the arabinogalactan proteins (AGPs) and one of our further 
studies is to search for these yielded glycoprotein-rich fractions

for the presence of AGPs. These AGPs and hydroxyproline- 
rich glycoproteins (HRGP) are found in the cell wall of green 
seaweeds (Domozych et al. 2012). The cell wall o f green sea
weed, Codium fragile, contains low amounts o f  HRGP 
(Estevez et al. 2009) and AGPs (Fernandez et al. 2010). 
Moreover, AGPs have been strongly implicated in terrestrial 
plant developmental process but their roles are as yet poorly 
known (Popper 2011). There are two moieties in AGPs and the 
carbohydrate component accounts around 90% (dry weight 
basis) and mostly contains arabinose and galactose residues. 
The protein component is approximately 10% (dry weight ba
sis) and rich in hydroxyproline residues (Fincher et al. 1983).

Although the structures and activity relationships of 
seaweed-derived proteins are yet to be explored extensively, it 
has shown that some seaweeds contain proteins comparable 
with terrestrial protein sources like soybean and other legumi
nous plants (Norziah and Ching 2000; Cian et al. 2015). 
Moreover, seaweed proteins contain all essential amino acids 
(Galland-Irmouli et al. 1999; Dawczynski et al. 2007). 
Interestingly, after extracting the agar from the red seaweed, 
Cracilaria fisheri, the by-product is rich in proteins, which 
contain high amounts o f essential amino acids (Laohakunjit 
et al. 2014). According to our preliminary analysis, the yielded 
GP-1 and GP-2-DA fractions have richer amino acid composi
tion than GP-2-DS (data not shown). To date, a large number of 
different seaweeds have been explored for their protein quantity 
and quality (Hamedy and FitzGerald 2011), but their value and 
the applications in the food industry are yet to be promoted.

Collectively, these results suggested that Ulva sp. from the 
Brittany coast, France, is rich in proteins and glycoproteins 
and could be utilize as a potential protein source. However, the 
extractability and availability o f different protein bands vary 
according to the extraction medium and season. Further char
acterization and purification of the extracted glycoprotein-rich 
fractions are in progress.

Acknowledgements Postdoctoral research fellowship to Dr. Isuru 
Wijesekara (IW) by Universite de Britagne-Sud is highly appreciated. 
This work has been awarded as one o f the best poster pitches at the JSS 
2016, Copenhagen, Denmark, and the authors wish to thank Prof. Susan 
Lovstad Holdt and the organizing committee. The technical support from 
Dr. Nolwenn Tenne. Ms. Laure Taupin, and Dr. Anne-Sophie Burlot are 
gratefully acknowledged. Furthermore, IW is thankful to Prof. Sampath 
Amatatunge, Prof. Sudantha Liyanage, anonymous reviewers, and the 
editor.

R eferences

Abdel-fattah AF, Sary HH (1987) Glycoproteins from Ulva lactuca. 
Phytochemistry 26:1447-1448

Angell AR, Mata L, de Nys R, Paul NA (2016) The protein content of 
seaweeds: a universal nitrogen-to-protein conversion factor of five. J 
Appl Phycol 28:511-524

*£) Springer



J App! Phycol

Angell AR, Paul NA, de Nys R (2017) A comparison of protocols for 
isolating and concentrating protein from the green seaweed Viva 
ohnoi. J Appl Phycol 29:1011-1026

Barbarino E, Lourenqo SO (2005) An evaluation of methods for extrac
tion and quantification of protein from marine macro- and 
microalgae. J Appl Phycol 17:447 460

Biancarosa I, Espe M, Bruckner CG, Heesch S, Liland N, Waagbo R, 
Torstensen B, Lock EJ (2017) Amino acid composition, protein 
content, and nitrogen-to-protein conversion factors of 21 seaweed 
species from Norwegian waters. J Appl Phycol 29:1001-1009

Cardozo KHM, Guaratini T, Barros MP, Falcao VR, Tonon AP, Lopes 
NP, Campos S, Torres MA. Souza AO. Colepicolo P, Pinto E (2007) 
Metabolites from algae with economical impact. Comp Biochem 
Physiol C 146:60-78

Choi YH, Kim KW, Han HS, Nam TJ, Lee BJ (2014) Dietary Hizikia 
fusiformis glycoprotein-induced IGF-I and IGFBP-3 associated to 
somatic growth, polyunsaturated fatly acid metabolism, and immu
nity in juvenile olive flounder Paralichthys olivaceus. Comp 
Biochem Physiol A 167:1-6

Cian RE. Drago SR, de Medina FS, Martinez-Augustin O (2015) Proteins 
and carbohydrates from red seaweeds: evidence for beneficial ef
fects on gut function and microbiota. Mar Drags 13:5358-5383

Contreras L, Ritter A, Dennett G, Boehmwald F. Guitton N, Pineau C. 
Moenne A, Potin P, Correa JA (2008) Two-dimensional gel electro
phoresis analysis o f brown algal protein extracts. J Phycol 44:1315— 
1321

Cordciro RA, Gomes VM, Carvalho AFU, Mclo VMM (2006) Effect of 
proteins from the red seaweed Hypnea musciformis (Wulfen) 
Lamouroux on the growth of human pathogen yeasts. Braz Arch 
Biol Technol 49:915-921

Cremer F, Van de Walle C (1985) Method for extraction of proteins from 
green plant tissues for two-dimensional polyacrylamide gel electro
phoresis. Anal Biochem 147:22-26

Dawczynski C, Schubert R. Jahrcis G (2007) Amino acids, fatty acids, 
and dietary fibre in edible seaweed products. Food Chem 103:891— 
899

Denis C, Ledorze C, Jaouen P, Fleurcnce J (2009) Comparison of differ
ent procedures for the extraction and partial purification of R- 
phycoerythrin from the red macroalga Grateloupia twutuni. Bot 
Mar 52:278-281

Domozych DS, Ciancia M, Fangel JU, Mikkelsen MD, Ulvskov P, 
Willats WG (2012) The cell walls of green algae: a journey through 
evolution and diversity. Front Plant Sci 3:82

Estevez JM, Fernandez PV, Kasulin L, Dupree P, Ciancia M (2009) 
Chemical and in situ characterization of macromolecular compo
nents of the cell walls from the green seaweed Codium fragile. 
Glycobiology 19:212-228

Faurobert M, Pelpoir E, Chaib J (2007) Phenol extraction of proteins for 
proteomic studies of recalcitrant plant tissues. Meth Mol Biol 355:9— 
14

Fernandez PV, Ciancia M, Miravalles AB, Estevez JM (2010) Cell-wall 
polymer mapping in the coenocytic macroalga Codium vermilaria 
(Bryopsidales, Chlorophyta). J Phycol 46:456-465

Fincher GB, Stone BA, Clarke AE (1983) Arabinogalactan-proteins: 
structure, biosynthesis, and function. Annu Rev Plant Physiol 34: 
47-70

Fleurence J (1999) Seaweed proteins. Trends Food Sci Technol 
10:25-28

Fleurence J, GutbierG, Mabeau S, Leray C (1994) Fatty acids from 11 
marine macroalgae of the French Brittany coast. J Appl Phycol 6: 
527-532

Fleurence J, Le Coeur C, Mabeau S, Maurice M, Landrein A (1995) 
Comparison of different extractive procedures for proteins from 
the edible seaweeds Viva rigida and Viva rotundata. J Appl 
Phycol 7:577-582

Fleurence J, ChenardE, Luccon M (1999) Determination of the nutrition
al value of proteins obtained from Viva armoricana. J Appl Phycol 
11:231-239

Fujiwara-Arasaki T, Mino N, Kuroda M (1984) The protein value in 
human nutrition of edible marine algae in Japan. Hydrobiologia 
116/117:513-516

Galland-Irmouli A-V, Fleurence J, Lamghari R, Lucon M, Rouxel C, 
Barbaroux O. Bronowicki JP, Villaume C, Gueant JL (1999) 
Nutritional value of proteins from edible seaweed Palmaria palmata 
(dulse). J Nutr Biochem 10:353-359 

Go H, Hwang H-J, Nam T-J (2009) Glycoprotein extraction from 
Laminaria japonica promotes IEC-6 cell proliferation. Int J Mol 
Med 24:819-824

Go H, Hwang H-J, Nam T-J (2010) A glycoprotein from Laminaria 
japonica induces apoptosis in HT-29 colon cancer cells. Toxicol in 
Vitro 24:1546-1553

Granier F (1988) Extraction of plant proteins for two-dimensional elec
trophoresis. Electrophoresis 9:712-718 

Habccbullah FK (2015) Isolation of glycoproteins from brown algae.
PCT Patent Application WO2015004255 

Hardouin K, Burlot AS, Umami A, Tanniou A, Stiger-Pouvreau V, 
Widowati I, Bedoux G, Boutgougnon N (2014) Biochemical and 
antiviral activities of enzymatic hydrolysates from different invasive 
French seaweeds. J Appl Phycol 26:1029-1042 

Hardouin K, Bedoux G, Burlot A-S, Donnay-Moreno C, Berge JP, 
Nyvall-Collen P, Bourgougnon N (2016) Enzyme-assisted extrac
tion (EAE) for the production of antiviral and antioxidant extracts 
from the green seaweed Viva armoricana (Ulvales, Ulvophyceae). 
Algal Res 16:233-239

Hamcdy PA, FitzGerald RJ (2011) Bioactivc proteins, peptides, and ami
no acids from macroalgae. J Phycol 47:218 -232 

Hamedy PA. FitzGerald RJ (2013) Extraction o f protein from the 
macroalga Palmaria palmata. LWT - Food Sci Technol 51:375~382 

Hwang H-J, Kim I-H, Nam T-J (2008) Effect o f a glycoprotein from 
Hizikia fusiformis on acetaminophen-induced liver injury. Food 
Chem Toxicol 46:3475—3481

Ito K, Hori K (1989) Seaweed: chemical composition and potential food 
uses. Food Rev Int 5:101-144

Kijjoa A, Sawangwong P (2004) Drags and cosmetics from the sea. Mar 
Drags 2:73-82

Kim SK (2014) Marine cosmeceuticals. J Cosmet Dennato! 13:56-67 
Kim SK, Wijesekara 1 (2010) Development and biological activities of 

marine-derived bioactive peptides: a review. J Funct Foods 2:1-9 
Kim EY, Kim DG, Kim YR, Hwang HJ, Nam TJ, Kong IS (2010) An 

improved method of protein isolation and proteome analysis with 
Saccharina japonica (Laminariales) incubated under different pH 
conditions. J Appl Phycol 23:123-130 

Laeinmli UK (1970) Cleavage of structural proteins during the assembly 
of the head of bacteriophage T4. Nature 227:680-685 

Langlois M, Allard JP, Nugier F. Aymard M (1986) A rapid and automat
ed colorimetric assay for evaluating the sensitivity of herpes simplex 
strains to antiviral drags. J Biol Stand 14:201—211 

Laohakunjit N, Selamassakul O, Kerdchoechuen O (2014) Seafood-like 
flavour obtained from the enzymatic hydrolysis of the protein by
products o f seaweed (Gracilaria sp.) Food Chem 158:162 170 

Li YX, Wijesekara I, Li Y, Kim SK (2011) Phlorotannins as bioactive 
agents from brown algae. Process Biochem 46:2219-2224 

Lourenco SO, Barbarino E, De-Paula JC'. Pereira LODS, Marquez UML 
(2002) Amino acid composition, protein content and calculation of 
nitrogen-to-protein conversion factors for 19 tropical seaweeds. 
Phycol Res 50:233-241

Mabeau S, Fleurence J (1993) Seaweed in food products: biochemical 
and nutritional aspects. Trends Food Sci Technol 4:103-107 

Makkar HPS, Tran G, Heuze V, Giger-Reverdin S, Lessire M, Lebas F, 
Ankers P (2016) Seaweeds for livestock diets: a review. Anim Feed 
Sci Technol 212:1-17

v )  Springer



J Appl Phycol

Mohamed S, Hashim SN, Rahman HA (2012) Seaweeds: a sustainable 
functional food for complementary and alternative therapy. Trends 
Food Sci Technol 23:83-96

Nagai K, Yotsukura N, Ikegami H, Kimura H, Morimoto K (2008) 
Protein extraction for 2-DE from the lamina of Ecklonia kurome 
(Laminariales): recalcitrant tissue containing high levels o f viscous 
polysaccharides. Electrophoresis 29:672-681

Norziah MH, Ching CY (2000) Nutritional composition of edible sea
weed Gracilaria changgi. Food Chem 68:69-76

Pangestuti R, Kim SK (2011) Biological activities and health benefit 
effects o f natural pigments derived from marine algae. J Funct 
Foods 3:255-266

Peinado 1, Gir6n J, Koutsidis G, Ames JM (2014) Chemical composition, 
antioxidant activity and sensory evaluation of five different species 
of brown edible seaweeds. Food Res Int 66:36-44

Popper ZA (2011) Extraction and detection of arabinogalactan proteins. 
Meth Mol Biol 715:245 254

Rafiquzzaman SM, Kim EY, Kim YR, Nam TJ, Kong IS (2013) 
Antioxidant activity o f glycoprotein purified from Undaria 
pinnatifida measured by an in vitro digestion model. Int J Biol 
Macromol 62:265-272

Rafiquzzaman SM, Kim EY, Lee JM, Mohibbullah M, Alam MB, Moon 
IS, Kim JM, Kong IS (2015a) Anti-Alzheimers and anti
inflammatory activities of a glycoprotein purified from the edible 
brown alga Undaria pinnatifida. Food Res Int 77:118 -124

Rafiquzzaman SM, Min Lee J, Ahmed R, Lee JH, Kim JM, Kong IS 
(2015b) Characterisation of the hypoglycaemic activity of glycopro
tein purified from the edible brown seaweed, Undaria pinnatifida. 
Int J Food Sci Technol 50:143-150

Rice EL, Crowden RK (1987) An improved method for the extraction 
and electrophoresis of proteins and active enzymes from fucalean 
macroalgae (Phaeophyta). Phycologia 26:235-246

Samarakoon K, Jeon YJ (2012) Bio-functionalities o f proteins derived 
from marine algae—a review. Food Res Int 48:948-960

Saravanan RS, Rose JKC (2004) A critical evaluation of sample extrac
tion techniques for enhanced proteomic analysis of recalcitrant plant 
tissues. Proteomics 4:2522-2532

Shuuluka D, Bolton JJ, Anderson RJ (2013) Protein content, amino acid 
composition and nitrogen-to-protein conversion factors of Ulva 
rigida and Ulva capensis from natural populations and Ulva lactuca 
from an aquaculture system, in South Africa. J Appl Phycol 25:677- 
685

Wang W. Vignani R, Scali M, Cresti M (2006) A universal and rapid 
protocol for protein extraction from recalcitrant plant tissues for 
proteomic analysis. Electrophoresis 27:2782-2786

Wijesekara 1, Kim SK (2010) Angiotensin-l-converting enzyme (ACE) 
inhibitors from marine resources: prospects in the pharmaceutical 
industry. Mar Drugs 8:1080-1093

Wijesekara 1, Yoon NY, Kim SK (2010) Phlorotannins from Ecklonia 
cava (Phaeophyceae): biological activities and potential health ben
efits. Biofactors 36:408-414

Wijesekara 1, Pangestuti R, Kim SK (2011a) Biological activities and 
potential health benefits of sulfated polysaccharides derived from 
marine algae. Carbohydr Polym 84:14-21

Wijesekara I, Senevirathne M, Li YX, Kim SK (2011b) Functional ingre
dients from marine algae as potential antioxidants in the food indus
try. In: Kim S-K (ed) Handbook o f Marine Macroalgae: 
Biotechnology and Applied Phycology. John Wiley and Sons, 
Chichcslcm pp 398 402

Wong P-F, Tan L-J, Nawi H, AbuBakar S (2006) Proteomics of the red 
alga, Gracilaria changii (Gracilariales, Rhodophyta). J Phycol 42: 
113-120

Yotsukura N, Nagai K, Kimura H, Morimoto K (2009) Seasonal changes 
in proteomic profiles of Japanese kelp: Saccharina japonica 
(Laminariales, Phaeophyceae). J Appl Phycol 22:443-451

•£) Springer


