Downloaded from orbit.dtu.dk on: Dec 21, 2017

Technical University of Denmark

=
—
—

i

Isolation of glycoproteins from brown algae.

Surendraraj, Alagarsamy; Farvin Koduvayur Habeebullah , Sabeena; Jacobsen, Charlotte

Publication date:
2015

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Surendraraj, A., Farvin Koduvayur Habeebullah , S., & Jacobsen, C. (2015). IPC No. A23L1/305; A61K38/02;
CO07K1/36; C12P21/00. Isolation of glycoproteins from brown algae. (Patent No. WO2015004255.)

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


http://orbit.dtu.dk/en/publications/isolation-of-glycoproteins-from-brown-algae(0f503087-a93d-413e-819e-19a701912562).html

WO 2015/004255 A1 | [N 100 OO 00 YO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau _/

=

AT 0O

(10) International Publication Number

(43) International Publication Date / WO 2015/004255 Al
15 January 2015 (15.01.2015) WIPO|PCT
(51) International Patent Classification: (74) Agent: OLSEN, Lars Pallisgaard; Guardian IP Consult-
CI2P 21/00 (2006.01) A23L 1/305 (2006.01) ing I/S, Diplomvej, Building 381, DK-2800 Kgs. Lyngby
CO7K 1/36 (2006.01) AG6IK 38/02 (2006.01) (DK).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/EP2014/064855 kind of national protection available): AE, AG, AL, AM,
. . AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL. CN, CO, CR, CU, CZ, DE, DK, DM,
10 July 2014 (10.07.2014) DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
13176319.5 12 July 2013 (12.07.2013) EP SC, 8D, SE, 5G, SK, SL, SM, ST, 8V, Y, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant: DANMARKS TEKNISKE UNIVERSITET ZW.
[DK/DK]; Anker Engelundsvej 1, Bygning 101A, 2. sal, . L
DK-2800 Kgs. Lyngby (DK). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
(72) Inventor; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71)  Applicant : SURENDRARAJ, Alagarsamy [IN/IN]; UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
232/3A, Govinda, Rediyar Street, Kolapakkam, Girugam- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
pakkam Post, Chennai, Tamil Nadu 600122 (IN). EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors: FARVIN, Koduvayur Habeebullah Sabeena; ¥[RC) I\C/)IEPINEFNI];J N(% PCL GPgI RCOI\’/[R(S}’AS%I\SII’ GS (I; > (Sﬂl\{[,
9/20, Rajeshwarinagar, Opp, KMC, Aluminium mills, > > T > > > > > >
Kovaipudur Pirivu, Kuniyamuthur (PO), Coimbatore, KM, ML, MR, NE, SN, TD, TG).
Tamil Nadu 641008 (IN). JACOBSEN, Charlotte; Rad- Published:

hajgardsvej 91, DK-2630 Taastrup (DK).

with international search report (Art. 21(3))

(54) Title: ISOLATION OF GLYCOPROTEINS FROM BROWN ALGAE

worns R

Wioy-54 |
|edje-s4

eow-ns [

-
w
1
=
3
o
o

oosIA-Ad |
powy-p4 T

FIGURE 3

(57) Abstract: The present invention relates to a novel process for the isolation of unique anti-oxidative glycoproteins from the pH
precipitated fractions of enzymatic extracts of brown algae. Two brown seaweeds viz, Fucus serratus and Fucus vesiculosus were hy -
drolysed by using 3 enzymes viz, Alcalase, Viscozyme and Termamyl and the glycoproteins were isolated from these enzyme ex-
tracts.
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TITLE: ISOLATION OF GLYCOPROTEINS FROM BROWN ALGAE

Field of the invention

The present invention relates to naturally occurring antioxidants, their isolation from
seaweeds and use as for example antioxidants. More particular, the invention relates to a
method for isolation of a mixture of anti-oxidative glycoproteins from brown algae. The
isolated glycoproteins have very good Fe?* chelating activity, which is better than EDTA,

and other anti-oxidative activities comparable to commercial antioxidants.

Background of the invention

For centuries, seaweeds have been utilized traditionally as food supplements and for various
medicinal purposes. Research in natural products of marine algae has made significant
advances in recent years and marine algae have been shown to produce a variety of
secondary metabolites of potential medicinal value. The secondary metabolites synthesized
by seaweeds demonstrate a broad spectrum of bioactivity including antioxidant, anti-
inflammatory, anticancer, anti-diabetic and anti HIV activity. A number of potent anti-
oxidative compounds have been isolated and identified from different types of seaweeds,
including phlorotannins, sulphated polysaccharides, carotenoid pigments such as

fucoxanthin and astaxanthin, sterols, catechins and proteins.

The high degree of structural complexity and rigidity of the algal cell wall is a major obstacle
to the efficient extraction of the intracellular bioactive constituents. Conventional water and
solvent extractions have several drawbacks such as low selectivity, low extraction efficiency,
solvent residue and environmental pollution. As an alternative technology, enzyme-assisted
extraction has attracted considerable interest. Enzymatic extraction has also been reported
to increase the extractability of bioactive compounds from several brown algae (Wijesinghe
and Jeon, (2012). The cell wall degrading enzymes help to weaken or disrupt the cell wall
structure, break down complex interior storage materials, thereby facilitating the release of
intracellular bioactive compounds in an extract from algal biomass. The hydrolytic
breakdown of high-molecular-weight (HMW) polysaccharides and proteins may contribute to
enhanced anti-oxidative activities, which are mainly attributed to the content of polyphenols

and carotenoids (Wijesinghe and Jeon, (2012)).

Glycoproteins are proteins that contain oligosaccharide chains (glycans) covalently attached

to polypeptide side-chains. The carbohydrate is attached to the protein in a co-translational
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or posttranslational modification by a process known as glycosylation. The carbohydrate can
make up anywhere from less than one percent to more than 80 percent of the total
glycoprotein mass. The presence of sugars makes glycoproteins far more hydrophilic and is

often essential for the proper folding of the protein into its tertiary structure and function.

Glycoproteins isolated from macro-algae have already been implicated in the control of
apoptosis and cell proliferation, as antioxidant, for DNA and liver protection (Kim et al.,
2012, Hwang et al, 2008). Kim et al. (2012) isolated a single glycoprotein from Saccharina
Jjaponica and Hwang et al. (2008) a glycoprotein from Hizikia fusiformis by water extraction
and ethanol precipitation. The method of isolation of glycoproteins from macro-algae
described in literature involves ethanol precipitation of water extracts followed by
ammonium sulphate precipitation of the supernatant. During the ethanol precipitation steps
both carbohydrates and proteins get precipitated and some of the glycoproteins may also be

lost in the precipitate.

Takeo Yoshiie et al. (2012) analysed the structural features of N-glycans linked to

glycoproteins isolated by ion-exchange from pepsin digests of seaweeds.

Rice, E.L. and R.K. Crowden (1987) extracted enzymes of glycoprotein nature from brown
algae by use of ion exchange followed by analysis of the carbohydrate and the enzyme

parts.

The present invention differs from other reported methods of isolating intracellular bioactive
compounds with anti-oxidative properties, as the glycoproteins are isolated from enzymatic
extracts of brown algae and devoid of lipids, phenolic compounds and free polysaccharides.
The present invention thus deals with the isolation of a unique kind of glycoproteins from pH
precipitated fractions of enzymatic extracts of brown algae.

The isolated glycoproteins show very good anti-oxidative activity especially iron chelating
activity.

Summary of the invention
The present invention relates to a novel process for the isolation of unique anti-oxidative

glycoproteins, e.g. a mixture different glycoproteins, i.e. a glycoprotein composition from

pH precipitated fractions of enzymatic extracts of brown algae.
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In a first embodiment, the invention concerns a method for isolation of glycoproteins from
brown algae, comprising treating an aqueous solution of brown algae powder with one or
more hydrolytic enzymes followed by a precipitation of the glycoproteins at low pH,

preferably a pH below 3.

More particular, the present method comprises the steps of removing lipids, phenolic
compounds and free carbohydrates in order to obtain a glycoprotein composition

substantially free of interfering compounds.

Thus, in a second embodiment, the method includes the following steps:

a) providing a powder of dried brown algae,

b) treating an aqueous solution of brown algae powder with a hydrolytic enzyme or
combination of hydrolytic enzymes,

c) removing lipids, e.g. by extraction with hexane,

d) removing phenolic compounds, eg. by extraction with ethyl acetate,

e) adjusting pH of the aqueous solution to 1-3 to precipitate glycoproteins, and

d) removing free carbohydrates, e.g. by extraction with ethanol:diethyl ether, ethanol and

anhydrous diethyl ether.

The hydrolytic enzymes are selected from one or more peptidases, such as endo-
peptidases, one or more carbohydrases, such as alpha-amylases, or a combination thereof.
Multi-enzyme complexes may also be applied.

To illustrate the present invention, seaweeds, viz, the brown algaes Fucus serratus and
Fucus vesiculosus were isolated from Danish seawaters, rinsed, freeze-dried and powdered
and the powder solubilized and hydrolysed using different enzymes and the glycoproteins
isolated from these enzyme extracts by lowering the pH until precipitation of the

glycoproteins.

During the process, lipids, phenolic compounds and free polysaccharides are removed, for

example by extraction with organic solvents.
The isolated glycoproteins show very good antioxidative activity especially iron chelating
activity. Different combinations of seaweed and enzyme may lead to different glycoprotein

products which may possess different properties.

Brief disclosure of the drawings
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Figure 1 shows a diagram over the isolation of glycoprotein from pH precipitated fractions
of enzymatic extracts of brown algae.

Figure 2 shows a diagram over a modified method for the isolation of glycoprotein from
pH precipitated fractions of enzymatic extracts of brown algae.

Figure 3  shows the protein content of the glycoprotein as obtained by the agarose
method.

Figure 4 shows total soluble carbohydrate in obtained glycoproteins as determined by the
phenol —sulphuric acid method.

Figure 5 shows reducing sugar content in the obtained glycoproteins as determined by
the DNS method.

Figure 6 shows the sulfate content in the obtained glycoproteins as determined by the
agarose method.

Figure 7 shows the % DPPH radical scavenging activity of the obtained glycoproteins.

Figure 8 shows the Fe*" chelating activity of the obtained glycoproteins.

Figure 9 shows the reducing power (OD at 700nm) of the obtained glycoproteins.

Figure 10 shows the % inhibition of lipid oxidation of the obtained glycoproteins in the
liposome model system.

Figure 11 shows the SDS page electrophoresis pattern of isolated glycoproteins subjected
to periodic acid oxidation and subsequent Alcian Blue and silver staining. b)
isolated glycoproteins subjected to silver staining alone showing protein
component . Lane 1 and 9: marker; Lane 2: FS-term; Lane 3: FV-term; Lane 4:
FS-Alcal; Lane 5: FV-Alcal; Lane 6: FS-visc; lane 7: FV-visc; Lane 8: Fv-Alcal

modified method.

Detailed description of the invention

The present invention relates to a novel method for the isolation of unique anti-oxidative
glycoproteins from the pH precipitated fractions of enzymatic extracts of brown algae.
Brown seaweeds collected from Danish seawaters were used as the raw material for the
glycoprotein isolation to illustrate the present method. These seaweeds were hydrolysed by
different enzymes and subjected to removal of lipids, phenolic compounds before
precipitation by adjusting pH to below 3. These pH precipitated fraction were subjected to

glycoprotein isolation by removing non-protein matter and free polysaccharides.

In a first aspect, the present invention relates to a method for isolation of glycoproteins

from brown algae, comprising the steps of a) providing a powder of brown algae, b) treating
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an aqueous solution of the brown algae powder with a hydrolytic enzyme or a combination
of hydrolytic enzymes, and c) precipitating glycoproteins from the enzymatic extracts of the

brown algae powder at a low pH.

The pH in step c) is preferably between 1 and 3, and may be below 2, for example between

1.5 and 2. Lowering the pH may be achieved by any suitable acid, such as HCI.

Seaweed powder can be purchased as a commercial product or prepared from living
seaweed prior to the enzymatic treatment. Immediately after collecting seaweeds from the
ocean, pre-treatment is started by rinsing the seaweeds in, e.g. tap-water, and placing the
rinsed seaweeds in a freezer until further use. When used, the seaweed samples are freeze-
dried and ground to a fine powder and passed through a sieve to get a uniform powder. If
not used immediately, the powdered seaweeds are preferably stored at -80 °C under

vacuum packing.

As illustrative for the present invention, the seaweeds are the brown algae Fucus
vesiculosus and Fucus serratus_samples_collected from the sandy beaches of Hou havn
(55°54'39N 10°14'59E) in Denmark

In order to obtain the glycoproteins in a relatively pure form, the method may preferably
comprise removal of lipids, phenolic compounds and free carbohydrates (mono-, di-, oligo-
and polysaccharides). The removal is preferably an extraction of the lipids, e.g. by
extraction with hexane or a similar solvent, of the phenolic compounds, e.g. by extraction
with ethyl acetate or a similar solvent, and of free carbohydrates, e.g. by extraction with

ethanol:diethyl ether, ethanol and/or anhydrous diethyl ether.

According to the present invention, the lipids and the phenolic compounds are removed
after the enzymatic treatment, while the free carbohydrates are removed after precipitation

of the glycoproteins.

Accordingly, the present method comprises the following steps:

a) providing a powder of dried brown algae,

b) treating an aqueous solution of brown algae powder with a hydrolytic enzyme or
combination of hydrolytic enzymes,

c) removing lipids, e.g. by extraction with hexane,

d) removing phenolic compounds, eg. by extraction with ethyl acetate,

e) adjusting pH of the aqueous solution to 1-3 to precipitate glycoproteins, and
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d) removing free carbohydrates, e.g. by extraction with ethanol:diethyl ether, ethanol and

anhydrous diethyl ether.

In a modified method which was developed for industrial production of glycoproteins
according to the present invention, some of the freeze drying and centrifugation steps may
be removed compared to the full method, as illustrated in the examples. The removal of
some of the freeze drying and centrifugation steps will change the composition of the final

glycoprotein products, but lead to a more simple and time and cost effective method.

The hydrolytic enzymes to be used in the present method are selected from one or more
peptidases, one or more carbohydrases. A combination of different peptidases and
carbohydrases may also be applied. The enzymatic hydrolysis of the powder is performed in
a suitable buffer at the pH optimum for the used enzyme or mixture of enzymes. If
necessary, the enzymatic reaction may be performed in more steps, for example if pH

optimum is different for the different enzymes to be used.

As peptidases, both exo- and endo-peptidases may be used, alone or together. Preferable,
an endo-peptidase, such as for example the commercial Alcalase, is used. Similar
peptidases are known in the art and may be used in a similar way.

Many carbohydrases exist which may be used in the present method. However, the enzyme
may preferably be an amylase and more preferably an alpha-amylase, for example a
commercial alpha-amylase, such as Termamyl, or similar amylase preparation known in the
art.

Alternative to peptidases and carbohydrases, as the enzyme, a multi-enzyme complex, such
as Viscozyme may be applied. Many similar complexes are known in the art or may be

composed for this purpose and may be applied in a similar way.

The choice of enzyme or combination of different enzymes may affect to extraction
efficiency and thus also the final composition of glycoproteins in the glycoprotein

composition after removal of other compounds.

The glycoproteins are precipitated and all other components present in the enzymatic
extract removed in the following way. The enzymatic extracts are homogenized in an
aqueous media, e.g. water, in order to get a uniform solution. Lipids present in the aqueous

solution are extracted with an organic solvent such e.g. n-hexane and the hexane phase
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discarded. The aqueous phase is extracted in a suitable solvent, e.g. ethyl acetate, in order
to remove phenolic compounds. The pH of the aqueous phase is adjusted to about 5 and
optionally followed by further extractions in the same way to remove phenolic compounds.
The pH of the aqueous phase is then adjusted to a value between about 1.5 and about 2 to
precipitate protein components. The remaining agueous phase may be extracted again as
described above in order to remove any residual phenolic compounds, followed by removal
of any leftover of the extraction solvent from the water phase, for example by evaporation
in a rotary evaporator. The precipitate is collected from the water phase, e.g. by
centrifugation and freeze dried. Cold urea is added to the pH precipitate and pH adjusted to
about 8.5. In order to remove any non-proteinacious matter present at this stage, the
solution is stirred in a magnetic stirrer at low temperature for a while before centrifugation
and discarding of any pellet. A TCA solution is added to make a final concentration of 5-10%
V/V TCA which precipitates glycoprotein. The supernatant is discarded and the precipitate
dissolved in water. The pH is adjusted (about 7.2 to about 7.5) such that the precipitate
dissolves in water followed by another centrifugation to remove any un-dissolved matter.
The supernatant is filled in a dialysis membrane and dialyzed against water for several
hours (molecular cut-off dialyzing tubes about 1kDa) to remove any small molecules and
salts. The pH of the dialyzed sample is adjusted to about 1.5-2.5 and centrifuged, followed
by washing of the precipitate with a suitable solvent (e.g. ethanol:diethyl ether (3:1)) to
remove unbound carbohydrates. The washing step may be repeated. Optionally the pellet is

washed with absolute ethanol and anhydrous diethyl ether before being dried.

In a second aspect, the present invention relates to a glycoprotein composition from brown
algae obtainable in a method according to the first aspect of the present invention. Such
glycoprotein compositions and fractions thereof may be used as anti-oxidative agents in

consumer’s products such as for example foods and cosmetic and in pharmaceuticals.

The glycoproteins isolated according to the present method were subjected to evaluation for
anti-oxidative activity. The anti-oxidative activity of the glycoproteins were determined by
four different methods viz, Fe2+ chelating activity, reducing power, DPPH radical
scavenging activity and inhibition of lipid oxidation in a liposome model system. The
different methods are explained in the examples. The isolated glycoproteins showed >90%
iron chelating activity even when tested in as low concentration as 0.01 mg/mL. At this
concentration EDTA, one of the most powerful synthetic metal chelators only had
approximately 20 % iron chelating activity. Lipid oxidation in foods and biological systems
are often catalysed by free iron or heme-iron. Hence, the high metal chelating activity of

the glycoproteins suggests that they may be able to efficiently inhibit lipid oxidation in
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different food and biological systems. DPPH radical scavenging activity at 5 mg/ml was

comparable to that of the synthetic antioxidant BHT commonly used in the food industry.

The reducing power of glycoproteins isolated from F. serratus/Termamyl, F.
serratus/Viscozyme and F. vesiculosus/Termamyl at 5 mg/ml is comparable to that of
ascorbic acid, which is a one of the strongest reducing agents used as antioxidant. Taken
together, results obtained with the above mentioned antioxidant assays suggest that the
isolated glycoproteins possess a combination of different anti-oxidative properties, which
may make them able to prevent lipid oxidation by different modes of action, which will be
an advantage when applied in complex food and biological systems. The potential anti-
oxidative activity was also investigated in a liposomal model system mimicking the cell
membrane in a biological system. The % inhibition of lipid oxidation in this model system
was found to be promising as all the glycoproteins except the F. vesiculosus prepared by the
modified method showed similar or better inhibition than BHT at 0.2mg /ml concentration.

This finding supports the results obtained with the antioxidant assays.

Glycoproteins isolated from macro-algae have previously been reported to be implicated in
the control of apoptosis and cell proliferation, as antioxidant, for DNA and liver protection
against cancer. Moreover, bovine lactoferrin which is a glycoprotein, which also has high
metal chelating activity, has been shown to have antimicrobial and antioxidant and intestine
associated immune functions. The glycoproteins isolated by the present method may be
expected to have similar biological properties. As mentioned above the results obtained in
the liposomal model system support the assumption, that the glycoprotein may have anti-

oxidative effects in biological systems.

The isolated glycoproteins may find applications as dietary supplements due to their
potential biological activities, particularly anti-oxidative activities. They may also be applied
in foods products such as fish oils, mayonnaise, dressing and other food products rich in
polyunsaturated fatty acids. The glycoproteins may be particularly efficient in food products
where metal catalyzed oxidation is pronounced, e.g. mayonnaise. A third application area
may be skin care products, where the isolated glycoproteins may play a dual role by
providing protection against oxidation in the skin care product as well as in human skin

upon exposure to sunlight.

Examples

Example 1
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Samples and pre-treatment:

The brown seaweeds Fucus vesiculosus and Fucus serratus were collected from the sandy
beaches of Hou havn (55°54'39N 10°14'59E) in Denmark. Immediately hereafter, the
rinsed seaweeds were placed in a freezer (-40 °C) until further use. The seaweed samples
were freeze-dried for 2 days and ground to a fine powder and passed through a 0.5 mm
sieve to get a uniform powder. The powdered seaweeds were stored at -80 °C under

vacuum packing.

The enzymes used for the present examples were kindly donated by Novozymes
(Novozymes A/S - Bagsveerd, Denmark). L-a-phosphatidyl choline, 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), thiobarbituric acid (TBA), ascorbic acid, ethylene diamine tetra acetic acid
(EDTA) were obtained from Sigma-Aldrich (Steinheim, Germany). All other reagents were of

analytical grade obtained from Merck (Darmstadt, Germany).

Enzymatic digestion:

F. vesiculosus and F. serratus powders were digested either by Viscozyme (a multi-enzyme
complex containing arabanase, cellulase, B-glucanase, hemicellulase and xylanase),
Alcalase (an endo-peptidase) or Termamyl (a heat stable alpha-amylase). For this, 2 g of
freeze dried powder was suspended in 100ml buffer and adjusted to the corresponding
optimum pH (for Viscozyme: 0.1M acetate buffer pH 4.5; Alcalase: 0.1M phosphate buffer
pH.8; Termamyl: 0.1M phosphate buffer pH 6). The flasks were placed in a shaking water
bath corresponding to its optimum temperature (for Viscozyme and Alcalase at 50°C and
Termamyl at 60°C) and 100mg of the corresponding enzyme solution was added and
incubated for 20h. The reaction was terminated by keeping the sample at 100°C for 10
minutes and cooled in an ice bath. The mixtures were centrifuged at 2800 rpm for 20

minutes, whereafter the supernatant was filtered, adjusted to pH 7 and freeze dried.

Glycoprotein isolation :

The flow diagram for the isolation procedure is shown in Figure 1.

The freeze dried enzymatic extracts were re-dissolved in 200ml distilled water and
homogenized by using an Ultra Turrax Homogenizer in order to get a uniform solution,
which was then transferred to a separating funnel. Lipids present in the aqueous solution
were extracted with 100ml of n-hexane and the hexane phase was discarded. The aqueous
phase was then extracted 3 times with 200 ml ethyl acetate in order to remove phenolic
compounds. Then, the pH of the aqueous phase was adjusted to 5 and again extracted 3

times with 200 ml of ethyl acetate. The pH of the aqueous phase was adjusted to a value
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between 1.5 and 2 by adding an appropriate amount of 6M HCI so that protein components
precipitated. The remaining aqueous phase was again extracted with 200 ml ethyl acetate
as described above in order to remove any residual phenolic compounds. The water phase
after ethyl acetate extraction was evaporated for 15 minutes in a rotary evaporator at 40 °C
to remove any leftover ethyl acetate. Then, the water phase was centrifuged at 10000rpm
for 10 minutes and the precipitate was freeze dried. To about 2g of the pH precipitate
fraction was added 100 ml of cold 6M urea and pH was adjusted to 8.5 by using 0.4M
potassium bicarbonate. The solution was kept for overnight with stirring in a magnetic
stirrer at 4 °C and centrifuged at 10,000 rpm for 10 minutes at 4 °C and the pellet was
discarded. This step removes any non-proteinacious matter. The quantity of the supernatant
was measured and a 100% TCA solution was added to make a final concentration of 5-10%
V/V TCA which precipitates glycoprotein. This mixture was kept at 4 °C for 12 hours and
centrifuged at 10,000 rpm for 15 minutes. The supernatant was discarded and the
precipitate was dissolved in a small quantity of water. The pH was adjusted to 7.2 to 7.5 so
that the precipitate completely dissolved in water and then the solution was centrifuged at
10,000rpm for 3 minutes to remove any un-dissolved matter. The supernatant was filled in
a dialysis membrane and dialyzed against water for 24 hours (molecular cut-off dialyzing
tubes 1kDa). The pH of the dialyzed samples was adjusted to 1.5-2.5 using 6N HCI and
centrifuged at 10,000 rpm for 10 minutes. The supernatant was discarded and the
precipitate was washed with 10 ml of absolute ethanol:diethyl ether (3:1) to remove
unbound carbohydrates. The solution was centrifuged at 10,000 rpm for 3 minutes and the
pellet was again washed with 10 ml of absolute ethanol:diethyl ether (3:1). This step was
repeated 3 times. Then, the pellet was washed with 10 ml of absolute ethanol and finally
with 10 ml of anhydrous diethyl ether. After centrifugation diethyl ether was removed and

the pellet was dried under nitrogen and kept in a pre-weighed container at -80 °C.

Yield:

Yield of the glycoprotein content was determined and expressed as a % of the pH
precipitated fraction (Table 1, SI 1-6). The yield of glycoprotein was found to be highest for
F. serratus/Alcalase followed by F. vesiculosus/Alcalase, F. vesiculosus/Termamyl and F.
vesiculosus/Viscozyme. The yield of the F. serratus treated with Termamyl and Viscozyme

was found to be low (<10%).
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SI No | Sample -enzyme treated Yield (% of the pH precipitated fraction)
1 F. serratus/Termamyl 9.14%

2 F.serratus/Viscozyme 9.8%

3 F.serratus/Alcalase 59.5%

4 F. vesiculosus/Viscozyme 20.15%

5 F. vesiculosus/Alcalase 32.25%

6 F.vesiculosus/Termamyl| 31.83%

7 F. vesiculosus/Alcalase 40.5%

(modified method)

Table 1. The yield of glycoproteins obtained as a % of the pH precipitated fractions

Example 2
Modified method for the isolation of glycoprotein:

In order to simplify the procedure disclosed in Example 1, a modified method was
developed in which some of the centrifugation and freeze drying steps were eliminated. The

flow diagram for the isolation procedure is shown in Figure 2.

After the enzymatic extraction and inactivation of enzyme at 100°C, the un-dissolved
substances were removed by filtration and the supernatant was directly transferred to a
separating funnel without freeze drying. The aqueous solution was extracted with 100 ml of
n-hexane to remove lipids and the hexane phase discarded. The aqueous phase was
extracted with 200 ml ethyl acetate 3 times in order to remove phenolic compounds. Then
the pH of the aqueous phase was adjusted to 5 and again extracted 3 times with 200 ml of
ethyl acetate. The pH of the aqueous phase was adjusted to 1.5 to 2 by using 6M HClI so
that protein components were precipitated. The remaining aqueous phase was again
extracted with ethyl acetate as described above in order to remove any residual phenolic
compounds. The water phase after ethyl acetate extraction was evaporated for 15 minutes
in a rotary evaporator at 40°C to remove any leftover ethyl acetate. Then, it was
centrifuged at 10000 rpm for 10 minutes. The pellet was re-dissolved in 100 ml of cold 6M
urea and pH was adjusted to 8.5 by using 0.4M potassium bicarbonate. The solution was
kept for overnight stirring in a magnetic stirrer at 4 °C, centrifuged at 10,000 rpm for 10
minutes at 4 °C and the pellet was discarded. The quantity of supernatant was measured
and 100% TCA solution was added to make a final concentration of 5-10% V/V TCA. This
mixture was kept at 4 °C for 12 hours and centrifuged at 10,000 rpm for 15 minutes. The
supernatant was discarded and the precipitate was dissolved in a small quantity of water.

The pH was adjusted to 7.2 to 7.5 so that the precipitate completely dissolved in water. It
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was filled in a dialysis membrane and dialyzed against water for 24 hours (molecular cut-off
dialysing tubes 1kDa). The pH of the dialyzed sample was adjusted to 1.5-2.5 using 6N HCI
and centrifuged at 10,000 rpm for 10 minutes. The supernatant was discarded and the
precipitate was washed 3 times with 10 ml of absolute ethanol:diethyl ether (3:1) to
remove unbound carbohydrates. Then, the pellets were washed with 10 ml of absolute
ethanol and finally with 10 ml of anhydrous diethyl ether. After removing diethyl ether the

pellet was dried under nitrogen and kept in a pre-weighed container at -80 °C.

Yield :

Yield of the glycoprotein content was determined and expressed as a % of the pH
precipitated fraction (Table 1, SI No. 7). The yield of glycoprotein by modified method of F.
vesiculosus- alcalase was found to be 40.5% which was slightly higher than the usual

method as described in Example 1.

Example 3
Determination of Protein and sulfate content:

Protein and sulfate content was determined by the agarose method as described by Jackson
and McCandless (1978). In brief, 1.1 ml of the sample was taken and 1.2 ml of 8% TCA was
added. It was mixed well and 0.6 ml of appropriate agarose reagent was added (for sulfate,
0.02% agarose containing 0.5% BaCl,, for protein 0.02% agarose without BaCl,). It was
mixed well and allowed to stand for 35 minutes. The OD was read at 500 nm in a
spectrophotometer. BSA and Na,S0O,4 was used as standard for protein and sulfate
respectively. The concentration of protein and sulfate in the sample was determined from

the respective standard curves.

Protein content:

The protein estimation by ordinary methods like Biuret, Lowry, Bradford and Kjeldhal was
found to be difficult in these samples because of the attached carbohydrate fractions.
Therefore the protein was estimated by means of the agarose method by measuring the
turbidity while measuring the sulfate content. The protein content in the glycoproteins
varied with the enzyme used for the hydrolysis (Figure 3). F. serratus digested with
Termamyl produced glycoprotein with a higher content of protein than the F. vesiculosus.
The seaweeds digested with Viscozyme and Alcalase produced glycoprotein with similar
protein content. Glycoprotein isolated from F. vesiculosus /Alcalase by the modified
procedure (Example 2) produced glycoprotein with higher protein content than the normal
procedure (Example 1).
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Sulfate content:

Sulfate content showed a similar trend as in the case of reducing sugar (Figure 6). The
glycoprotein resulted from F. serratus showed higher sulfate content than the F. vesiculosus
in different enzymatic treatments. The Termamyl hydrolysates contained high sulfate
content which was followed by Viscozyme and Alcalase. The glycoproteins isolated from F.
vesiculosus/Alcalase by the modified procedure resulted in higher sulfate content than the

longer procedure.

Example 4
Determination of total soluble carbohydrate and reducing sugar.

The total carbohydrate and reducing sugar contents were analysed by the phenol-sulfuric

acid method and the dinitrosalicylic acid (DNS) method respectively.

Total soluble carbohydrate content:

The total soluble carbohydrate content varied with the enzyme used for the hydrolysis in
various species (Figure 4). There was no significant difference in total soluble carbohydrate
in glycoproteins isolated from Termamyl hydrolysates. In the case of glycoprotein produced
from Alcalase hydrolysates, F. vesiculosus contained higher soluble carbohydrate content
than F. serratus. Among the glycoproteins isolated from Viscozyme hydrolysates F.
vesiculosus showed lower total soluble carbohydrates than F. serratus. The glycoproteins
isolated from F. vesiculosus/Alcalase by the modified procedure resulted in low total soluble

carbohydrates when compared to the longer procedure.

Reducing sugar content:

The reducing sugar content varied both with species and also with the enzyme used for the
hydrolysis (Figure 5). The glycoproteins from F. serratus showed higher reducing sugar than
F. vesiculosus. Glycoprotein resulting from Termamyl showed higher reducing sugar
followed by Viscozyme and Alcalase. There was not much difference in reducing sugar

between the longer and modified procedures.

Example 5
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) is a commonly
employed technique for separation of proteins according to size. Proteins with limited
glycosylation are most often stained with Coomassie brilliant blue or, if high sensitivity is
needed, with a silver stain. These stains, however, are far less sensitive when used for

detection of highly glycosylated proteoglycans (protein glycosaminoglycans) or
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glycoproteins (protein oligosaccharides), leading to weak staining or even failure of
detection. This is presumably the result of steric interference by the carbohydrates with the
binding of silver ions. Proteoglycans are traditionally stained with cationic dyes, such as
Alcian blue or Toluidine blue, that bind to the negatively charged glycosaminoglycan side
chains, whereas more neutral glycoproteins can be detected by some variation of the Schiff
base reaction involving initial oxidation of carbohydrates by periodic acid and subsequent
staining with Alcian blue. Here, Alcian blue is used as the primary staining agent, binding
either directly to the proteoglycans or to oxidized glycoproteins subsequently enhanced by a

neutral silver staining protocol.

The protein composition of the different glycoprotein samples were analysed by SDS-PAGE
using precast NUPAGE ® 10% Bis-Tris gel (Invitrogen, Carlsbad, CA) with MES running
buffer (50 mM MES, 50mM Tris base, 0.1% SDS, 1mM EDTA, pH 7.3) in order to separate
lower molecular weight fractions down to 3 kDa. Samples with protein concentrations of 1
mg/mL were diluted 1:1 by SDS sample buffer (100 mM Tris HCI pH 6.8, 4% SDS, 0.2%
bromophenol blue, 10% glycerol, 40 mM dithiothreitol (DTT)) and boiled for 3 min at
1000C. Aliquots containing 20 ug of protein were loaded into each well in the gel. SeeBlue®
plus2 (Novex, 5791 Van allen Way, Carlsbad, CA) pre-stained standards were used for
comparison. Electrophoresis was carried out by using the XCell SureLock™ Mini-Cell with a
constant voltage of 200V for 35 min. The glycoproteins were subjected to periodic acid

oxidation and subsequent Alcian Blue and silver staining.

The SDS page electrophoresis of the obtained glycoproteins is shown in Figure 11a and 11b.
Figure 11a shows the initial oxidation of carbohydrates by periodic acid and subsequent
staining with Alcian blue and silver stain. The gels prove that glycoproteins were present.
The presence of diffuse bands or smear showed the heterogenicity of carbohydrate
substitution. The highly glycosylated proteins usually move as diffuse bands or broader
smears which makes the molecular weight determination impossible. In Figure 11b staining
of glycoproteins by silver stain alone represented the protein component. Here only diffuse
bands or smear were also observed indicating the high degree of glycosylation. As
mentioned earlier this is due to steric interference by the carbohydrates with the binding of

silver ions to proteins.

Example 6
2.6. Analysis of monosaccharides

400ul of 2M TFA was added to 2mg of lyophilized sample in a screw cap vial. Each vial was

tightly sealed and heated to 121°C for 2h in a drying oven. After hydrolysis the vials were
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cooled under tap water. Hydrolysates were lyophilized and kept at -20°C under nitrogen
until analysis. Prior to analysis by HPAEC-PAD, the hydrolysates were re dissolved in 5ml of
double deionised water containing 0.1% of sodium azide to prevent microbial growth. Just
before injection for HPAEC analysis each hydrolysate was filtered through a 0.22um GH
polypro Acrodis ® filter (Pall life sciences, Ann Arbor, USA). The monosaccharides were
estimated by comparing with a mixture of monosaccharide standards (L(+) fucose, L L(+)-
rhamnose, D-(-)arabinose, D-(+)galactose, D-(+) glucose, D-(+)xylose, D-(+)mannose, L-

(-)-guluronic acid and D-(+)-mannuronic acid to the acid hydrolysis conditions mentioned

above.
pg/mg dry matter
Sample D-(+)- | L-(+)- D-(-)- D-(+)- D-(+)- | D-(+)- | D-(+)- | L- D-
Fucose Rhamn | Arabino | Galactose Glucose | Xylose Mannos | Guluronic | mannuro
ose se e acid nic acid
F. serratus 2.7 0 0.2 0.82 0.93 0 0.7 3.1 8.3
/Termamyl *1.4 +0.02 +0.4 +0.6 +0.4 +1.0 +2.4
F. serratus/ 22.7 0 0.7 3.8 3.4 0.4 0.5 5.2 13.5
Viscozyme +£2.8 +0.2 +0.1 +0.1 +0.0 +0.1 +0.6 +1.4
F. serratus 5.5 0 0.1 0.9 0.6 0 1.1 14.4 16.4
/Alcalase +0.7 +0.0 +0.02 +0.02 +0.1 +1.7 +1.8
F. vesiculosus | 14.2 0 0.5 3.1 2.6 0 2.9 8.1 15.4
/Termamyl +1.2 +0.1 +0.2 +0.1 +0.1 +0.7 +1.5
F. vesiculosus | 4.5 0.3 0.14 1.4 0.8 0 2.4 12.9 91.7
/Viscozyme +0.4 +0.04 +0.01 +0.2 +0.01 +0.2 +1.9 +11.1
F. vesiculosus | 2.2 0 0.4 1.04 1.14 0 0.9 41.8 105.2
/Alcalase +0.4 +0.1 +0.3 +0.4 +0.1 +0.9 +4.9
F. vesiculosus | 7.0 0 0.1 1.0 1.4 0 1.4 15.0 18.5
/Alcalase +1.0 +0.0 +0.7 +0.4 +0.1 +1.9 +1.7
(modified
method)

Table 2. The monosaccharide composition of the obtained glycoproteins

The monosaccharide composition varied with species and the enzyme used for the
hydrolysis (Table 2). The content of fucose, arabinose, glucose and galactose showed a
similar trend and was highest for F. serratus/Viscozyme which was followed by F.
vesiculosus/Termamyl and in most cases F. vesiculosus/Alcalase. There was not much
difference in the content of these monosaccharides among the other glycoproteins.
Rhamnose was absent in all of them except in F. vesiculosus/Viscozyme where it was found
in trace amounts. The content of mannose was found to be high for F.

vesiculosus/Termamyl and F. vesiculosus/Viscozyme which was followed by F.
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serratus/Alcalase in both improved and normal method. There was not much difference in

other treatment groups. Glucoronic acid and mannuronic acid content was highest for F.

vesiculosus/Alcalase which was followed by F. vesiculosus/Viscozyme. The monosaccharide

composition of F. vesiculosus/Alcalase by modified method was quite different when

compared to the longer mothod.

Example 7

Amino acid composition:

Amino acid composition varied with species and treated enzyme (Table 3). F.

serratus/Termamyl and F. vesiculosus/Viscozyme contained high Arg and Glu which was

followed by Asp, Leu and Phe. F. vesiculosus/Alcalase contained high content of Ser, Tyr,

Ala and Arg. F. vesiculosus/Termamyl, F. serratus/Viscozyme, F. serratus/Alcalase, F.

vesiculosus/Alcalase modified contained high levels of Lys. These glycoproteins also

contained high levels of Ser, Val, Gly, Met and Asp. The modified procedure changed the

composition of amino acids.

% of | F. serratus | F. serratus | F. serratus F.vesiculosus | F.vesiculosus | F.vesiculosus | F. vesiculosus
total /Termamyl | /Viscozyme | /Alcalase /Termamyl /Viscozyme /Alcalase /Alcalase
(Modified
method)
LYS 5.8 18.2 34.1 26.3 7.4 7.0 34.6
ARG 18.5 0 0 0 18.4 11.0 0
ALA 3.8 0 0 0 2.3 12.3 0
C-C 1.1 0 0 0 1.2 8.5 0
LEU 7.6 0.5 1.5 2.7 7.1 2.7 1.2
MET 1.1 6.9 5.5 5.9 0.7 3.8 7.0
PHE 6.6 5.8 4.9 4.1 6.4 1.6 3.2
PRO 3.9 2.9 5.4 2.1 3.7 1.9 1.6
THR 2.3 3.6 3.3 3.4 2.9 3.02 4.7
TYR 4.9 10.4 4.8 6.8 6.3 12.4 4.7
ASP 8.1 5.1 9.8 5.6 9.1 3.1 7.9
SER 4.9 14.4 10.2 12.9 4.7 13.7 9.8
GLU 16.1 3.4 5.2 2.1 11.5 6.8 3.1
HYP 0.7 0 0 0 0.4 1.5 0
VAL 3.0 11.5 10.1 13.7 5.1 3.9 7.8
HIS 2.8 0.5 0.8 1.4 3.8 2.3 0.4
TRP 0.0 0.7 1.2 2.1 0 0 4.0
ILE 3.7 4.0 0 3.8 3.7 2.0 2.4
GLY 5.6 12.0 8.8 7.2 5.4 2.5 7.4
Sum 100 100 100 100 100 100 100

Table 3. The amino acid composition of the obtained glycoproteins (as a % of total amino

acids)

Screening for anti-oxidative activity

Example 8
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DPPH Radical Scavenging Activity

The scavenging effect on a,a-diphenyl-B-picrylhydrazyl (DPPH) free radical was measured
by the method of Farvin et al, (2010) with some modification in order to perform it in a
microplate reader. DPPH solution (0.1 mL, 0.1 mM in 95% ethanol) was mixed with 0.1 mL
of protein solution (at a concentration of 0.01, 0.1, 0.5, 1.0 and 5 mg/mL) in an Eppendorf
tube. The mixture was shaken and left for 30 min at room temperature. The precipitate if
any formed was removed by centrifugation at 6400 x g for 3 min (Biofuge® pico, DJB
labcare Ltd, Buckinghamshire, England). The reaction mixture was transferred to
microplates and the absorbance of the resulting solution was measured at 517 nm using a
microplate reader (Synergy 2 multi-mode microplate reader, Biotek, Germany). For blank,
0.1 mL distilled water was used instead of the sample. BHT as mentioned above was used

for comparison. Radical scavenging capacity was calculated as follows.

DPPH radical scavenging capacity (%) = 1 - Abs of sample x 100
Abs of Blank

The assay results showed an increase in DPPH radical activity with increase in concentration
of glycoprotein. Glycoprotein obtained from F. serratus/Termamyl and F.
vesiculosus/Viscozyme showed 90% DPPH radical scavenging activity at the highest
concentration tested which was higher than BHT at the same concentration (Figure 7).
Moreover, the other glycoproteins showed more than 50 % DPPH radical scavenging activity
when tested in the highest concentration. Importantly, the modified procedure resulted in
glycoprotein with a DPPH scavenging activity, which was comparable to that of the

glycoprotein obtained by the original procedure.

Example 9
Iron (Fe?") Chelating Activity

The Fe?* chelating activity of the fractions was estimated by the method of Farvin et al,
(2010) with some modification for analysis in a microplate reader. To 100 pL of the fractions
(at a concentration of 0.01, 0.1, 0.5, 1.0 and 5 mg/mL) in Eppendorf tubes, 135 pL of
deionised water and 5 pL of 2 mM ferrous chloride were added. After 3 min, 5 mM ferrozine
(10 pL) was added. The mixture was shaken vigorously and left at room temperature for 10
min. Absorbance of the resulting solution was measured at 562 nm in microplate reader
(Synergy 2 multi-mode microplate reader, Biotek, Germany). A blank was run in the same
way using distilled water instead of sample. For comparison of metal chelating activity, the

metal chelator EDTA at a concentration of 200 pg/mL was used as reference. Sample
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control was made for each extract without adding ferrozine. The chelating capacity was

calculated as follows.

Iron chelating activity (%) = 1 - Abs of sample x 100
Abs of Blank

The Fe?* chelating activity of the obtained glycoprotein was very high and showed no
concentration dependency. Thus, for all the glycoproteins, the Fe?* chelating activity was
found to be >90% irrespective of the concentrations tested and this was also the case for
the glycoprotein obtained by the modified procedure. EDTA was used for comparison and it
showed a concentration dependency and increased with increase in concentration. EDTA

showed >90% Fe’* chelating activity at a concentration above 1mg/ml only (Figure 8).

Example 10
Reducing Power

The reducing power was measured according to the method of Farvin et al, (2010) with
some modifications to perform in microplate reader. To 100 pL of peptide fractions (at a
concentration of 0.01, 0.1, 0.5, 1.0 and 5 mg/mL) in Eppendorf tube, 100 yL 0.2 M
phosphate buffer (pH 6.6) and 100 pL of 1 % potassium ferricyanide were added. The
mixture was incubated at 50 °C for 20 min and 100 pL of 10 % TCA was added into this
reaction mixture. An aliquot of 144 L from the incubation mixture was mixed with 144 pL
of distilled water and 25 pL of 0.1% ferric chloride in an Eppendorf tube. After 10 min the
absorbance of solution was measured at 700 nm in microplate reader (Synergy 2 multi-
mode microplate reader, Biotek, Germany). Ascorbic acid at a concentration of 200 pg/mL
was used as a reference as it has good reducing property. Increased absorbance (A700) of

the reaction mixture indicated increased reducing power.

Reducing power showed a concentration dependency and increased with increase in
concentration (Figure 9). Ascorbic acid was used for comparison which showed high
reducing power of >1.2 at a concentration of 0.1mg and higher. The reducing power of F.
serratus/Termamyl, F. serratus/Viscozyme and F. vesiculosus/Termamyl at the highest
concentration tested was comparable to that of ascorbic acid, whereas the reducing power
of the glycoproteins was lower than that of ascorbic acid when evaluated in lower
concentrations. Interestingly, the modified procedure resulted in glycoprotein with a higher

reducing power than the glycoprotein obtained with the original procedure.

Example 11
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Inhibition of Lipid Peroxidation in a Liposome Model System

Liposomes were prepared from soybean phosphatidyl choline and the liposome assay is
performed according to the method described by Farvin et al (2010). Lipid oxidation was
performed in a model system containing 0.1 mg of phosphatidyl choline liposomes per mL of
Phosphate Buffered Saline (PBS) (3.4 mM Na,HPO4 - NaH,PO4, 0.15 M NaCl, pH 7.0) and
fractions at final concentrations of 0.25, 0.5, 1.25, 2.5 and 4.5 mg protein/mL. Lipid
oxidation was initiated by iron redox cycling using 50 uM FeCl; and 100 pM ascorbate. The
order of addition was buffer, extracts, liposome, ferric chloride and ascorbic acid. The
reactants were mixed by vortexing for 2 seconds and incubated at 37 °C in a water bath for
1 hour. The liposome assay solution with distilled water instead of sample was used as
control. Lipid oxidation was measured by determining the concentration of thiobarbituric
acid reactive substance (TBARS) formed. In brief, aliquots (0.25 mL) of liposome
suspensions were sampled into test tubes and made up to 1 mL by adding distilled water
(0.75 mL). Then, 2 mL of TBA reagent (3.75 g/L TBA; 150 g/L trichloro acetic acid; HCL
0.25 mol/L; 0.1 g/L BHT) was added. The tubes were closed and heated in a boiling water
bath for 15 min, immediately cooled and centrifuged (1500 x g; 10 min). A reagent blank
was prepared in the same manner as mentioned above with distilled water instead of
sample. BHT at a concentration of 200 yg/mL also made in a similar manner was used for
comparison. The absorbance at 532 nm of the supernatant was read against a blank. The
amount of TBA-reactive substances (MDA) released/mg phospholipid (PL) was calculated
using the molar extinction coefficient of MDA as 1.56 x 105. The % inhibition of TBARS

formation was calculated as follows

% inhibition = Tc-Ts x 100
Tc

Where Tc is the ymoles of MDA released by the control (Liposome alone) and Ts is the

Mmoles of MDA released by the samples.

The % inhibition of lipid oxidation in liposomal model system showed a concentration
dependency and increased with increase in concentration (Figure 10). The % inhibition of
lipid oxidation in liposomal model system also was found to be promising as all the
glycoproteins except the F. vesiculosus prepared by the modified method showed similar or
better inhibition than BHT at 0.2mg /ml concentration. When evaluated in the two highest
concentrations, the ability of the different glycoproteins to inhibit lipid oxidation in liposomal
model system was similar. When evaluated in the lowest concentration, the glycoprotein

from F. serratus/Alcalase was the most efficient inhibitor of lipid oxidation whereas the
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glycoproteins from the non-modified and modified F. vesiculosus/Alcalase processes were

the poorest, with the modified process resulting in the lowest degree of inhibition.
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CLAIMS

1. A method for isolation of glycoproteins with anti-oxidative properties from brown algae,

comprising the steps :

a) providing a powder of brown algae,
b) treating an aqueous solution of brown algae powder with a hydrolytic enzyme or a
combination of hydrolytic enzymes, and

c) precipitating glycoproteins from the enzymatic extracts of brown algae powder at low pH.

2. A method according to claim 1, wherein pH in step c) is between 1 and 3.

3. A method according to claim 1 or claim 2, further comprising removal of lipids, phenolic

compounds and free carbohydrates (mono-, di-, oligo- and polysaccharides).

4. A method according to claim 3, comprising the steps :

a) providing a powder of dried brown algae,

b) treating an aqueous solution of brown algae powder with a hydrolytic enzyme or
combination of hydrolytic enzymes,

¢) removing lipids, e.g. by extraction with hexane,

d) removing phenolic compounds, eg. by extraction with ethyl acetate,

e) adjusting pH of the aqueous solution to 1-3 to precipitate glycoproteins, and

d) removing free carbohydrates, e.g. by extraction with ethanol:diethyl ether, ethanol and

anhydrous diethyl ether.

5. A method according to any one of claims 1 to 4, wherein the hydrolytic enzyme(s)

is/are one or more peptidase(s), one or more carbohydrase(s), or a combination thereof.

6. A method according to claim 5, wherein the enzyme is an alpha-amylase, e.g.

Thermamyl.

7. A method according to claim 5, wherein the enzyme is an endo-peptidase, e.g. Alcalase.

8. A method according to claim 5, wherein the enzyme is a multi-enzyme complex, e.g.

Viscozyme.
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9. A method according to any one of claims 1-8, wherein the brown algae is selected from

Fucus vesiculosus and Fucos serratus.

10. A method according to any one of claims 1-9, wherein the powder of brown algae is

obtained by rinsing, freeze-drying and grounding brown algae collected from the sea.

11. A glycoprotein composition from brown algae obtainable in a method according to any
one of claim 1 to 10.

12. A glycoprotein composition according to claim 11 or an anti-oxidative glycoprotein

fraction thereof for use as an anti-oxidative agent.

13. A product comprising the glycoprotein composition or an anti-oxidative glycoprotein

fraction thereof according to claim 11 or claim 12.

14. A product according to claim 13 which is a food, a pharmaceutical or a cosmetic
product.
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Seaweeds ( F. vesiculosus,F. serratus), Wash, Freeze dry & powder

\

Enzymatic Digestion
F. vesiculosus -Alacase (0.1 M Phosphate Buffer, pH 8 at 50°C for 20h)
F. vesiculosus-Viscozyme (0.1 M Acetate Buffer, pH 4.5 at 50°C for 20h)
F. serratus-Termamyl (0.1 M Phosphate Buffer, pH 8 at 60°C for 20h)

v

Terminate reaction (100°C for 10mins), cool & centrifuge at 2800 rpm for 20min

v

Adjust pH of supernatant to 7 & freeze dry

v

Redissolve in 200ml of DW, Homogenise, Extract with hexane & discard hexane phase

v ——> Removal of Lipid

Extract with ethyl acetate (3 times) & discard ethyl acetate phase

+ ——» Removal of Phenolic compounds

Adjust the pH 5

v

Extract with ethyl acetate (3 times) & discard ethyl acetate phase

+ — Removal of Phenolic compounds

PH adjusted to 1.5 -2

v

Extract with ethyl acetate (3 times) & discard ethyl acetate phase

+ —» Removal of Phenolic compounds

Evaporate off residual ethyl acetate (at 40°C)

v

Centrifuge at 10000rpm for 10mins at 4°C & freeze dry the pellets

v

Redissolve pellet in 100ml cold 6M Urea, adjust the pH to 8.5 by using 0.4M potassium bicarbonate

v

Keep ovenight at 4°C in a magnetic stirrer, Centrifuge at 10000rpm for 10mins at 4°C & discard the
pellet

v
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Add 100% TCA to the supernatant to get a final concentration of 5-10%

v

Keep at 4°C for 12h, Centrifuge at 10000rpm for 10mins at 4°C and discard the supernatent

v

Redissolve pellet in water, adjust to pH 7.2-7.5, Centrifuge at 10000rpm for 3mins at 4°C to remove
undissolved matter, if any

v

Dialyse against distilled water for 24h

v

Adjust pH to 1.5 -2.5 , Centrifuge at 10000rpm for 10mins at 4°C & discard the supernatent

v

Wash the pellet with absolute ethanol:dietyl ether (3:1) (3 times), Centrifuge at 10000rpm for 10mins
at 4°C and discard the solvent

v

Wash the pellet with absolute ethanol, Centrifuge at 10000rpm for 10mins at 40C and discard the

solvent
v

Wash the pellet with anhydrous diethyl ether , Centrifuge at 10000rpm for 10mins at 4°C and discard
the solvent

v

Transfer pellets (glycoprotein) to a preweighed vial, dry under nitrogen and store at -80°C

FIGURE 1
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Seaweeds ( F. vesiculosus, F. serratus), Wash, Freeze dry & powder

v

Enzymatic Digestion
F. vesiculosus -Alacase (0.1 M Phosphate Buffer, pH 8 at 50°C for 20h)
F. vesiculosus-Viscozyme (0.1 M Acetate Buffer, pH 4.5 at 50°C for 20h)
F. serratus-Termamyl (0.1 M Phosphate Buffer, pH 8 at 60°C for 20h)

v

Terminate reaction (100°C for 10mins), cool & undissolved substance removed by filtration

v

Adjust pH of supernatent to 7

v

Extract with hexane & discard hexane phase

+ —» Removal of Lipid

Extract with ethyl acetate (3 times) & discard ethyl acetate phase

+ — Removal of Phenolic compounds

Adjust the pH 5

v

Extract with ethyl acetate (3 times) & discard ethyl acetate phase

+ —  Removal of Phenolic compounds

PH adjusted to 1.5 -2

v

Extract with ethyl acetate (3 times) & discard ethyl acetate phase

+ —» Removal of Phenolic compounds

Evaporate off residual ethyl acetate (at 40°C)

v

Centrifuge at 10000rpm for 10mins at 4°C

v

Redissolve pellet in 100ml cold 6M urea, adjust the pH to 8.5 by using 0.4M potassium bicarbonate

v

Keep overnight at 4°C in a magnetic stirrer, Centrifuge at 10000rpm for 10mins at 4°C & discard the
pellet

\
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Add 100% TCA to the supernatant to get a final concentration of 5-10%

v

Keep at 4°C for 12h, Centrifuge at 10000rpm for 10mins at 4°C and discard the supernatant

v

Redissolve pellet in water, adjust to pH 7.2-7.5

v

Dialyse against distilled water for 24h

v

Adjust pH to 1.5 -2.5, Centrifuge at 10000rpm for 10mins at 4°C & discard the supernatent

v

Wash the pellet with absolute ethanol:diethyl ether (3:1) (3 times), Centrifuge at 10000rpm for
10mins at 4°C and discard the solvent

v

Wash the pellet with absolute ethanol, Centrifuge at 10000rpm for 10mins at 4°C and discard the
solvent

v

Wash the pellet with anhydrous diethyl ether , Centrifuge at 10000rpm for 10mins at 4°C and discard
the solvent

v

Transfer pellets (glycoprotein) to a preweighed vial, dry under nitrogen and store at -80°C

FIGURE 2
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