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What is Blue Economy ?

The Red Economy The Green Economy The Blue Economy
planned/based on what we do not invest more/save some invest less/innovate more
have /based on what we have
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Ecosystem servic

€
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®Service market
> Total $33,000 billion per year in

215t century

> Marine ecosystem
($20,900 hillion)

> Coastal ecosystem

($10,600 hillion)
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Seaweed as
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Canary and mine field
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Biomonitoring of water quality

O Ulva pertusa
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A principle of Ulva hiotest

“sporulation”
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A principle

of Ulva hiotest

vegetatlve cells

emptied cells
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R principle of Ulva biotest

in normal
seawater

in contaminated
seawater




The Ulva biotest

o Image analysis method
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image analyser
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The Ulva biotest

o Visual observation
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The Ulva biotest-update

Analysis
Method
(Sporulation %)

0.0156

Concentration of Cu (mg-L'l)

0.0313

0.0625

0.125
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image
analysis
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Tested samples by the Ulva biotest

Toxicants No. of samples

Metals 13 species
: Heavy
VOCs 7 species
metals
Herbicides 3 species
individual compounds 3 species
sludge elutriates 9 species
slag leaching water 4 species ; PR Toxic
Qil 1 species chemicals
Wastewater 4 species
Stream water 13 species
Seawater 17 species
Totals 74 species
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Biotesting oil pollution
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Ulva watch programme
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Set point

@ Data input e |
(Surfer 7.0 program) '
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Ulva index vs BOD, COD, T-N, T-P

spring summer winter
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Toxicity identification by Ulva test

o Toxicity test of wastewater effluent near Hantan river basin

Upstream Watep---+f--- " 35
550 m 30 O Before Zn addition
W After Zn addition
E 25
§ 20 A
tetrseeetnEetsasieseaEs et ses st eea A s ne s et seennrnanans : Stream E
: Flow e 15
Flocculation Secondary Fenton :
& Flotation Denitrification  sedimentati treatment 10 A
: Coagulation . on H H H
i 5 i/ 5 |
: 1 d : o : : o}
Was'}gv‘vater Primary Effluent S%tf:ﬁlr:g:try Final Effluent pH3 pHi Anion pH11 Cation Mix
(PE) (FE) filtration filtration exchange filtration exchange exchange
(RW) (SE) Spiking Mass balance
Wastewater Treatment Plant 50 m
........................................... v
. .
Downstream
Water
= Output waste water (D)
15
E 10 A After changing Fenton regent
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Operational procedure

Space : <lm? Facilities : temperature-controlled culture chamber, 24
Person : 1 well plates, pipets, tips, hole borer etc.
Time : 96 h Measuring device : simple image analyzer
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The new bioassay is simple to use, sensitive, economic,

eco-relevant and has worldwide application

U-7|E

Biological Test Kit
Using the green Algae, Ulva pertusa
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Solar UV radiation
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limate change and UV radiation

e Thickness (10-year average)

1950's 2050's
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Average summertime ozone levels

120 |- Noontime UV index for clear skies
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Harmful effects of UV on the skin

The Ultraviolet (UV) light that
penetrates our skin is made up of
two types of radiation:

UV-Arays
and
UV-B rays

<Photo = jennifer R.S. Gordon, M.D>
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Harmful effects of UV on the skin

Malignant

£. Color Two or moee shades

i : 3 D Diameter  Smaller than 6 mm Larger than 6 mm
B. Bowder Even edges Uneven adges
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Underwater profile of solar radiation
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Harmful effects of UV on marine

® Physiological and biochemical damage

Healthy
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Harmful effects of UV

® Generation of reactive oxygen species (R0S)

Control




UV protective mechanisms

©® Migration
» 1=t line of defense e Matformation

mechanisms ® Changes in morphology
to increase self-shading

2" line of defense ., 4uction of
mechanisms quenching
® Antioxidantsystems

e 3r line of defense e Productiono

mechanisms UV-absorbing -
p compounds- "

* 4" line of defense ¢ Rgpairmechanism
mechanisms
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UV protection in seaweeds
e W

4y

Porplyramats '

IS y - UV screening
S compounds

Porpiyra




UV-Screening Compounds
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Search for MAAs in Korean macroalgae

133 species of domestic algae (17 of green algae, 34 of hrown algae, 82 of red algae)
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anking order of MAA contents in Korean seaweeds

O Porphyra yezoensis (2001.1)
O Chondrus ocellatus (2001,7)
B Chondrus ocellatus (2000,1)
O Chondrus ocellatus (2001,5)
O Pachymeniopsis elliptica (1999,12)

B Porphyra yezoensis (2001.3)
O Porphyra yezoensis (2001,2)
O Grateloupia filicina

@ Gloiopeltis furcata (2000,1)
O Carpopeltis affinis (2001,2)
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Palythine A-330

O Porphyra yezoensis (2001.1)
O Chondrus ocellatus (2001,7)
B Chondrus ocellatus (2000,1)
O Chondrus ocellatus (2001,5)
O Pachymeniopsis elliptica (1999,12)

Shinorine P-334

B Porphyra yezoensis (2001.3)
O Porphyra yezoensis (2001,2)
O Grateloupia filicina

| Gloiopeltis furcata (2000,1)
O Carpopeltis affinis (2001,2)

i i . B Carpopeltis affinis(2000,1) B Grateloupia turuturu

B Carpopeltis affinis(2000,1) B Grateloupia turuturu . . oy ..

B Gymnogongrus flabelliformis (2000,1) B Gelidium amansii (2000,1) - Gymnogpngrus flabelliformis (2000,1) u Gellghum ar.nans" (.2000’1)
@ Gloiopeltis furcata (2001,5) O Halymenia acuminata (2000,1) B Gloiopettis furcata (2001,5) O Schizymenia dubyi

O Pachymeniopsis elliptica (2001,1)

O Gelidium amansii (2000,1)

B Gymnogongrus flabelliformis (2000,1)
O Corallina spp.(2001,5)

O Pelwetia wrightii

I Lomentaria catenata(2000,1)

B Grateloupia filicina(2001,5)

B Hypnea saidana

B Corallina officinalis (2000,1)

O Gigartina tenella

O Lomentaria catenata(2000,1)
@ Champia parbula

O Corallina officinalis

@ Pachymeniopsis spp.(2001,5)
@ Carpopeltis affinis (2001,5)

@ Grateloupia yezoensis(2001,5)
B Corallina officinalis (2000,1)

O Halymenia acuminata (2000,1)
O Gigartina tenella

O Lomentaria catenata(2000,1)
@ Champia parbula

O Corallina officinalis

@ Pachymeniopsis spp.(2001,5)
@ Carpopeltis affinis (2001,5)

B Grateloupia yezoensis(2001,5)
B Corallina officinalis (2000,1)

O Pachymeniopsis elliptica (2001,1)

O Gelidium amansii (2000,1)

@ Gymnogongrus flabelliformis (2000,1)
O Corallina spp.(2001,5)

O Pelvetia wrightii

@ Lomentaria catenata(2000,1)

B Grateloupia filicina(2001,5)

B Hypnea saidana
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Introduction to Porphyra (ox Pyropia)

® Porphyra

> Red algae (Rhodophyceae, Bangiales, Bangiaceae)
> Grows in the intertidal zone

> The most commonly eaten seaweed (ex.‘Nori’ in Japan, ‘Gim’ in Korea)

> 60 to 10 species of Porphyra worldwide
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Rquaculture technology of Porphyra (

IGER

L) Qzcien S =ampryiiopie
’ ental Resea

University of Incheon Institute of Green Environmental Research



Habitats for Porphyra
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Response of Porphyra to UV radiation

MAAs induction
upon UV-A exposure

2.571

1.724

Absorbance at 334nm (0.D)

Con Par UV-A

Porphyra yezoensis /in vivoamplification
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Side or negative effects of conventional sunscreens

UV absor-
bent

Function

Type

Weakness

Function

Type

Weakness

Absorb UV to inactive or intoxify

PABA (P-aminobenzoic 2 hydroxy-4 methoxurocanic acid, urocanic
acid & benzophenone derivatives)

Reflect or scatter UV

Titanium oxide zirconia oxide zinc oxide
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® Are Porphyra extracts strong UV absorbers?

~ oo Porphyra
o extract?
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MARs in

® Structure and extinction coefficients of MAAs and syntheticfilters

extinction coefficient
MAAs Structure QL cm)
e
Palythinol o Btk 43,500
HDHO NC
— COOH
M \I/l\"
|

Porphyra-334 j;li]jl\/"‘"‘ 42,300

I-l'l}m T:
Shinorine 44 700
Parsol 1789 40,000
Mexoryl SX 45,000

- l University of Incheon
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Commercially available MAR products

HELIONORI®

For a natural bioprotection against UVA
Ecocert Ap d
Patent FR 9 916 785

UVA rays are the main producers of free radicals which damage tissues as well as their components such as cellular

membranes and DNA.

To prevent deferiorating, the answer has been found in the ocean, especially in certain macroalgae which contains powerful
UVA-absorbing compounds, acting as natural sunscreens and known as “mycosporine-like amino acids” (MAAs).

PRESENTATION

HELONORI® is a patented water and concen-
trated active ingredient prepared from the red
seaweed Porphyra umbilicalis (L.} Kitzing known
as “nori” in Japan.

Three different MAAs are extracted selectively from

Porphyra umbilicalis - H go ,u
5&(““’ T £
n I__ocH, n J___ock,
o~
HO

..... palythine "o NH ~J |
””” porphyra 334 I\COH HOL \Nl: O x,t,
_____ shinorine. patne " com oM SER
- TR : = Ao H ot MIE
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UV-absorbing capacity

® Comparative analysis of MAAs in hetween Porphyra extracts and Helionori

Porphyra extracts
2000

=
e
T

1500

=]
i
T

1000

Porphyra extracts 0] g .
] 3
Hit
4

Hellionori

O | | |

f:i
[an]
T

Absorbance (O.D)

o
L
T
8
4337

250 300 350 400 20
Wavelength [nm] pp m—
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{348

P 13.93?

i
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UV-absorbing characteristics

® Comparison of UV absorbance between Porphyra extracts and ethylhexyl methoxycinamate

2

— Porphyra extracts
—E.M

e
LA
m———
e

Absorbance (O.D))
o

=
En

\_

200 300 400 500 600 F00 300
W avelength {nm)
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® Do Porphyra extracts provide UV protection?

</
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® Are there any other novel functions in Porphyra
extracts?




Whitening effects

® Tyrosinase inhibition assay ® Melanin synthesis

I _ + a-MSH
80 r 200 -

60

150 -

- o-MSH
100 A

20

L [

0 T T T T
0510‘20 5 10‘20‘30 0 0 ” 0 ”
Arbutin | Porphyra extracts
(nL/mL) (nL/mL) Porphyra extracts (uL/mL)

50 -

Tyrosinase Inhibition (%)
5
|
y
Melanin content of control (%)
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Anti-aging effects

® (Collagen synthesis ® Zymography for MMP2 & MMP9
250 120
oMMP2  oMMP9
— 100 - *
e CIm ol gl A
<) & ™
= E 80 |
= ]
) 150 = *
- B~ 60 -
E & k3
S 100 k= *
B ':j 40 - T
= =
= w0 - 20 -
=
0 = , . 0 . . . .
0 10 20 20 0 5 10 20 30
Porphyra extracts (UL/mL) Porphyra extracts (UL/mL)
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Antioxidant activity

® Comparison of ROS reducing power between Porphyra extracts and tocopherol

10

ECso ECs5o CV

Product (mg/mL) %)

Effective concentration for ROS inhibition
(mg/ml)

Pophyra extracts Tocopherol
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® Are Phrphyra extracts safe?




No photo-

cyto-toxicity

W)

University of Incheon
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Biochemical composition of Porphyra

® Per 100g Porphyra

Component Contents Component Contents Component Contents
Moisture 11.1g Fiber 1.8g Vitamin B2 J.4mg
Protein 38.8g Potassium 2.1g Vitamin C 100mg

Non-fibrous 39.5¢ Calcium 390mg Vitamin E 4.3mg

Ash 6.9¢ Iron 12mg Niacin 9.8mg
Lipid 1.9g Vitamin Bl 1.15mg Carotene 25mg




® Is it economic and sustainable to obtain Porphyra extracts
containing MAAs?
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Simple extraction procedure
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Relative amounts of Porphyra extracts
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Seaweed cultivation technology

® TFloating-rafts method & Pole-type farming method
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Porphyra production

® Jangbong island

Volume of production (MT)
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Seaweed cosmetic brands
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Seaweed cosmetics

COSMETIQUE MARINE

BreautyLine TIREETE s
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Off-line shops
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E-marketing place

INcheon + COsmetic + BERAUTY; url : www.incobeauty.com connected to e-hay, Amazon, Yahoo, Rakuten, Taobao
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http://www.incobeauty.com/

PR marketin

Viral marketing

SNS(Facebook) Beauty community network
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PR marketing

Mass media

Major news papers (on-line and paper)
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PR marketing

Mass media

Arirang TV and famous drama
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PR marketing

Working with British company (Kilpatrick) for global marketing

Social Media
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Export to China and Hong-Kong

Opening brand shops in China and

entrance to Sasa in Hong Kong
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Export to the USA

The 5t Avenue in New York and Korean on-line mall in the USA
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Export to the UK

Department stores, Drugstores
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International licensing
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New product developments

Anti-acme

Dark Circle
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Upgrading the existing brands
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International cooperation

JABeautyLing

T 1™ Malaga Univ. (Spain)
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uNiversiteir  Ghent Univ. (Belgium)
GENT
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Compound library

PR marketing u o Incheon Nat’l Univ. (Korea)

Cosmetic formulations

SAG Gottingen Univ.

(Germany)

Market analysis
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Functional compounds in

Chlorophyta Bioactivity

Order Bryopsidalcs

Avrainvillea Anticancer

Bryopsis Antimicrobial
Caulerpa Anti-hepatotoxicity':

antitumor-~; antinocice-
ptive’; anti-inflamma-
tory”: antiherpetic;:®
antiviral”

Codium Antioxidative and
antigenotoxic’s
antiviral®; anticoagulant®

Derbesia Proliferation of thymus
ceclls

Halimeda Anticoagulant'; antimicro-
bial?; antoxidant®;

Penicillus Antimicrobial

Tyvdemania Anticancer

Order Cladophorales

Chaetomorphia Anti-atherosclerotic

Cladophora Antiprotozoal

Cladophoropsis Cytotoxicity

Order Dasvcladales

Cymopolia Antimicrobial’;
antimutagenic®

Ordcr Ulortrichales
Acrosiphonia Antimicrobial

Order Ulvales

Ulva/Enteromorpha Antioxidant': antiviral®;
anti-inflammatory-'?;
antihyperlipidemic™:
antitumor®'?; antimicro-
bial™*; antiprotozoal®;
antibacterial®?;
immunomodulating’>;

Mornostronia Antithrombin': antiher-
petic?; anticoagulant®;
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Functional compounds in brown algae

Ochrophyta Biocactivity Ochrophyta Bioactivity
Order Dictyotales Hizikia Anticoagulant®; antioxidant?;
Canistrocarpus Antivenom immunomodulating®
Dictyopteris Antimicrobial Myagropsis Hepatoprotcective
Dictyota/Dilopheus Antivenom’; anticoagulant™; Notheia Anti-parasitic
antiviral'; antibacterial®; Pelveria Anticoagulant’; antioxidant®;
antifungal®: antioxidant® anti-diabetic®
Sargassum Anticancer'; antiviral®;
Lobophora Anti-inflamatory n‘mioxidx_nrl-‘—*"’; antibacte-
Padina Antimicrobial®; antioxidant®; ThaY's anti-inflanisaiory®;
cytotoxicity’; anticoagu- antangiogenic’s
lant®: anti-cancer® antitumoral™®; antiviral';
3 1t
Spatoglossum Antifungal’; antithrombotic?; antiherpetic
h lycemic®
Stocchospermums Al ‘i‘zpr;g 5 Turbinaria Antioxidant'; anti-inflamma-
: t ': cytotoxic?
Srypopodium Antivenom': antiproliferative®; v AT
antimitotic; cytotoxic’: Order Ishigeales =1
antimicrobial® Ishige Antiviral
Zonaria Antimicrobial O’rda' Laminariales « -
Alaria ntivi
Adcnoc'?;:ris puics Antiviral Ecklonia Antioxidant"*; antiviral®;
< i antibacterial™®;
Cladosiphon Induces apoptosis's anticoagulant®; anti-tumor®
a:;c;l:c:nl:. gastric mucosal Egregia Antiviral
P » Eisenia Antioxidant': antiviral®:
Colpomenia Ant;::;;:z:il::l'; induction of anti-allergic®
. . e 2 Kjellmaniella Antimicrobial
Dictyosiphon Antiviral Laminaria Anlicancer'; anti-oxidative:
Leathesia Antiviral anti-inflammatory™:
Nemacystus Anticoagulant anticoagulant”’; antithrom-
Punctaria Antitumor bin*; ncuroprotective®:
Order Fucales antioxidant®;
g . tiproliferative®
Ascophyllum Anti-inflammat '; antithrom- N an _
. botic?: amic:‘:;ygulam’ Landsburgia Antifungal: cytotoxic
Bificrcaric Antifouling activity': Lessonia Anticoagulant activity
anti-prolifcrative cffect; Macrocystis Anticolesterol': antioxidant®;
antimitotic® antiproliferative?®
Caulocystis Anti-inflammaiory Nereocystis Antioxidant’; antiprolifcrative'
x e 1 1 - Ivi 23.
Cystoseira Antmicrobial®*; antibacterial®; Hndaria An!;‘a‘gmfd. arr::wlr:l "
antifungal: antioxidant®; - n!ox Sy s SR
antiviral® inflammatory®; antitumor®
Durvillaea Anticoagulant gr‘,k" Ralfsiales .
Fucus antioxidant’; antitumor; alfsia Antiviral
antimetastatic’; antivenom;? Order Scytosiphonalces
anticoagulant®; Analipus Antiviral
antithrombin® Endarachne Antiviral
Himanthalia Analgesic activity Hydroclathrus Anti-cancer’; antiviralF

=i o=t
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Functional compounds in

Rhaodophyta Bioactivity
Order Bangialecs
Porphyra Anti-inflammatory’; anticancer?; induction of apoptosis®;

Order Bonnemaisoniales
ASsparagopsis

Bonnemaisonia

macrophage stimulation®; antioxidant®

Amntiviral'; antibacterial?; antimicrobial?®; anti-HIV?*;

Angiotensin-I-converting enzyme (ACE) inhibitory
activities

Deliseca Anti-phytopathogenic
Order Ceramiales
Acanrhophiora Antiviral
Aglaothamnion Antioxidant
Arnansia Lymphocyte transformation': antinociceptive?
Boergeseniella Antiviral
Bostrychia Antiprotozoal'; antifungal?; antiviral?
Bryothamnion Antioxidant'; antinociceptive®
Ceramium Antiviral'; antiprotozoal?; antibacterial®
Centroceras Antibacterial:; anticancer
Chondria Anthelmintic
Cozroniella Mammalian insulin release modulator
Crypropleura Antiviral
Delesseria Inhibit the relecase of inflammatory cytokines?:
anticoagulande®
Drachiella Antibacrterial
F irbzeapalivedfrerse Angiotensin-I-converting enzyme (ACE)

L irfrertficarreriiorrz
NFexrgirtisprerr-earsd
Order Gelidiales
Creficlieller
Crelickirere

Prerocladiasdterociadielia
Order Gigartinales
Agrerrelfiellc

Afwrifelricopsis

Cerf berpafevciis )
Cerfderprlfonvilis
Clrorclrus
IrEfveer
FeeoFreernric
Frarcellaric
Crigeerfirner
Floiopralitis

CFANTPIPE O €I PE LT P LLN
Fvalosigrficrric
Fivprzecz
FeapapreaprSr v e s
NMferistiedlcr

AT eristorrfie o
Perrtierice

inhibitory activities
Aantiturmor

Contraceptive

Auntiviral'; growith-inhibitory eflMects of cells?;
anticoagulant?

Aantiviral’; antiherpetic?®

Anti-FIIV ': antiviral®

Angiotensin-I-converting enzyme CACE) inhibitory
acltivitices

Aantineoplastic

Anti-FHIW

Imnmunomodulatory '; antitamor?

Acmti M gal

AL - Lo

Aantioxidant

Aantiviral'; anticoagulant®

Therapeutic potential in hepatoma cancer':; anti-turmor?;
antivical®;

Antiviral

Auntiviral

Aantiviral'; PPE clastase inhibitiaon®

Aunti—lurmor

Aontiviral

Cell stimulating activioy

Aanti-tumor'; antimicrobial®;
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Frame effects

J Appl Phiyeol
DOL 10.1007/510811-014-0410-7

Potential applications of nuisance microalgae blooms

Jang K. Kim - Sreejith Kottuparambil - Sang Hyun Moh -

Tack Kyun Lee -

Youn-Jung Kim - Jac-Sung Rhee - Eun-Mi Choi - Byung Hoon Kim -

Yong Ju Yu : Charles Yarish - Tacjun Han

Received: 24 August 2013 / Revised and accepied: 11 Seplember 2014
{©) Springer Science+ Business Media Dordrecht 2014

Abstract Algal blooms have become a major concern in
coastal areas and the great lakes of the world, Because of their
various consequences for agquatic ecosystems and resources,
algal blooms are called “harmful algal blooms™ (HABs).
HABs ofien become severely detimental when they involve
onc or more toxin-producing Igac of various & i
ongins. The accumulation of algal biomass also has deleteri-
ous effects on the ceological status of waler. However, appro-
priate management strategies can allow the beneficial utiliza-
tion of these events by consuming the biomass feedstock in
the production of valuable biocommodities, including
biofuels, functional food ingredients, UV-absorbing com-
pounds, pharmaceutical products, eic. However, if the algal
biomass can be harvested prior to the onsct of their death
phase, nutrients (carbon, nitrogen, and phosphorus) can also
be removed from the ccosystem by harvesting the algal
blooms. Great progress has been made in the last decade in
monitoring and predicting HABs, and a demand is emerging
for persuasive postcvent management policics that focus on

I

the potential ufilization of these blooms as natural renewable
bioresources. This review summarizes various potential appli-
cations of nuisance algal blooms and the need for scientific
research into their economic and industrial potential. Major
algal products with great ccological and economic signifi-
cance and their contemporary global utilization are analyzed.

Keywords Algal blooms - HABs - Renewable bioresources -
Biomass

Introduction

Algal blooms have become a global epidemic, and the nature
and frequency of harmful algal bloom (HAB) outbreaks has
changed considerably over the last several decades (Anderson
etal. 2012; Ferreira et al. 2011; O'Neil et al. 2012). Recently,
countrics including the USA, Canada, Greeoe, Norway, Spain,
Portugal, Ircland, China, Japan, and Korea have invested
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There is hope from the sea,
but none from the grave
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Incheon National Univ., Institute of Green Environmental Research, Green Pioneer Co.,
Tel +82 32 850 5110, Mobhile +82 10 3017 8248
hanalgae @incheon.ac.kr
http://www.iger.re.kr http://www.greenpioneer.co.kr
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