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Alga (algae)

Domain
Eukaryota
s 'ii*_,-- . *
Planta: | e 1\
| . iy Klm Kingdom g

C h alra % ?Iar.mae Fungi Animalia

Protista: bioactive fine chemicals , | g
| -.-K:ngdom e

macroalgae(Rhodo, Phaeq Chloro) VA oo *
microalgae (Eugleng, Chloro, Dino, /
Crypto, Hapto, Chromo) ( X,
Prokaryota: antibiotics 1 secra| 1 *** [Poner

Cyano (blue-greens),Prochloro



Forms of Algae

Coenocytic or siphonaceaous forms

Parenchymatous and pseudoparenchymatous
algae




Benthic & plankton dinoflagellates

Gambierdiscus
Prorocentrum
Amphidinium
Alexandrium
Gyrodinium
Dinophysis
Ostreopsis
Coolia

-. 7 .

Lu & Chou, 2002, Fish. Sci. 68: 1593



Strain

Collecting date and site  Toxicity

M.TY-1
M.TY-2
M.CY-1
M.TN-1
M.TN-2
M.TN-3
M.TN-4
M.KS-1

Dec 1992,
Aug 1992,
Aug 1993,
Aug 1992,
Jul 1993,

Jul 1993,

Sep 1994,
Aug 1992,

Taoyuan fish pond yes
Taoyuan reservoir yes
Chiayi fish pond yes
Tainan fish pond no
Tainan fish pond yes
Tainan fish pond yes
Tainan fish pond yes
Kaoshiung reservoir no

Fresh water blooming
microalgal species

Microcystis aeruginosa

Lee et al.., 1998; Lee et al., 2000.



Culture Collection of Microalgae in NTU
for Bioactive Natural Products

Field
Samples

L

micropipette
cloning



Microalgal Culture Collections, NTU

List of clonal culture collection of microalgal species In IFS, NTU

Pyrrophyceae (108 clones) Rhodophyceae (35 clones) Prymnesiophyceae (1 clone)

Alexandrium minutunil4 clones) Bangia atropurpured5 clones) Prymnesium parva(D clone)
Alexandrium tamarensg clones) Galaxaura cylindrica(1 clone) Isochrysis galbandl clone)
Amphidinium cartera€12 clones) Galaxaura oblongtd41 clone) /

Amphidinium klebsi{O clone) Grateloupia filicina(1 clone) Chlorophyceae (3 clones)
Amphidiniumspp. (9 clones) Grateloupiasp. (4 clones) Clorella (1 clone)

Coolia monotiq25 clones) Helminthocladia australis clones) Dunaliellasp. (1 clone)
Cryptomonasp.(3 clones) Halymenia ceylanic&3 clones) Tetraselmissp (1 clone)
Gambierdiscus toxicu® clone) Liagora orientalis(1 clone)

Gymnodinium catenatugtiones) Liagorasp.(2 clones) Bacilariophyceae (10 clones)
Gymnodiniunsp. (1 clones) Porphyra angustdl clone) Unidentified (8 clones)
Gyrodinium instriatun(0 clone) Pterocledia capillacedl clone) Chaetoceros muelle(iL clone)
Gyrodiniumspp. (3 clones) Porphyra dentatd1 clone) Skeletonema costatufh clone)
Ostreopsis lenticularigl clone) Porphyridiumsp. (1 clone)

Ostreopsisp. (4 clones) Porphyra yezoensi@ clone) Cyanobacteria (66 clom®s)
Prorocentrum concavurfi clone) Scinaia moniformigl clone) Unidentified (21 clones)
Prorocentrum limg17 clones) unidentified (7 clones) Coelosphaeriunsp. (1 clone)
Prorocentrumspp. (4 clones) Phaeophyceae (1 clone) Microcystissp. (12 clones)
Prorocentrum mexicamu clones) Ectocarpussp.(1 clone) Oscillatoria sp. (1 clone)




INITIAL AIM

for the sporadically-occurred seafood
poisonings in Taiwan

Shellfish Poisonings & Cigutera



Initiation

T aquaculture concerns
. fresh and brackish water

mass mortality of milkfish
BTG . - e memeessr oS8 due to toxic  Alexandrium
blue-greens S [ ‘! minutum_ bloom
Cyanobacteria e i
& -~ wastewater from fishpond
_ TR o S or shrimp pond for clam
dinoflagellates - S = culture, GOOD, but

Pyrrophyceae PRE > ofhee sometimes,
e B paralytic shellfish poisonings

Algal toxins

%+ death of aquatic organism
* food-chain transmission
seafood poisonings

|dentification & Monitoring




The culprit and its toxins for the paralytic shellf iIsh poisonings the very beginning

Alexandrium minutum Halim

I:24
-OCONH,

H GTX-1

H GTX-2
0SO;  GTX-3
0SO, GTX-4

The SOdium Channel bIOCker Chou, 1989, Toxic Marine Phytoplankton




Saxitoxins & Gonyautoxins

Sodium channel blockers

Shellfish Regulatory Monitoring Standards: PSP
Research Probes: like TTX (puffer fish toxin) in channel studies
Pain Killer: in cancer patients and drug addicts

Sodium channel

o subunit

L B S Membrane

Inactivation
gate

Voltage
sensor u & Catterall 2003




Microcystins
(MCYSTSs)

Microcystis aeruginosa

Liver necrosis & kidney failure
Possible tumor promoter

MCYST-LR Leu Arg 994

-RR Arg Arg 1037

-FR Phe Arg 1028

-WR Trp Arg 1067

(new) -RA Arg Ala 952

7-desmethyl (Dhd&) MCYST-RR Arg Arg 1023
3-desmethyl (D-Asp) MCYST-RR Leu Arg 1023
(new) -FR Phe Arg 1014

(new) -WR  Trp Arg 1053

. . H MCYSTs isolated & identified in
Protein phosphatase 1 & 2a inhibitor 2’2 L R L el S




Toxicity of microcystins to mammals

Intoxicated mouse Normal mouse

Hepatic
Hemorrhage

. (ke 3
LIVER AFTER TOXINS ACT 4 Y NORMAL LIVER

~%DAMAGED
" CAPILLARY

Tissue photos and drawings adapted from Sciemtifierican




Mechanism of actions inside a cell

Q Protein kinase

»
»

»
L

Ser

protein ;, P Rg

»
L

[
»

Q Protein phosphatase

[
»

microcystins, okadaic acids
blue-greens dinoflagellates

metabolism
membrane transport
membrane secretion
contra activity
cell division

others

toxins




Harmful Algal Blooms
Fresh or Sea Water HA

Term of naturally occurring phenomena : red tides
Mass occurrence of microalgae, results of eutrophication

Toxin-producing microalgae: % of the 3 hundred
blooming species

Global problems increase due to climate changes and

human activities

massive fish kills
alter ecosystems

contaminate seafood & drinking water

with toxins
Photo from WESTPAC-HAE




Mass mortality of yellow tail,
Seriola quinqueradiategultured
In cages by a red tide of
Chattonella antiqua

WESTPAC-HAB




Hydrogen sulfide poisoning- March 1994 South Africa west coast

Dinoflagellate bloom ofCeratium furcaand Prorocentrum mican

[redtide/

Similar cases happened in the Gulf of Mexico

caused by brevetoxins oKarenia breve(Gymnodinium brevé




Water blooms may be helpful in shellfish
Oyster aquaculture aquaculture.

> right shell

wmhar

adductor muscle

lefi shell
mantle

Red Tide caused by Noctiluca scintillans
occurred in Seto Inland Sea, Japan (May 6, 1976)

WESTPAC-F
10C Harmful Algal Blosm Prograr

R0O WESTPAC-HAB R0002

Ty e
left side shell right side shell
midgut gland
labial palps | )

Rkl ot Tk oseme st~ Red tide of Noctiluca scintillans on the
PO]llltiOIll alert central coast of New South Wales, Australia

e =ik Photograph by Mr. Ricky Chan and Ms. Shauna Murray
rihed lnte Manky Cove i siorey ity s e gt 4 of the University of New South Wales
water poltution fouled  Quocaich o ol vubatumce, which b thomsht

it b becs bt watee dmimpee

WESTPAC-HAB

(The Manly Daily, 19th February, 1997) 106 Hanmtul Algal Bloom programme  RO0013

) culture in cage net
gills WESTPAC-HAR
10 Harmiul Algal Bloom Programme

il but may be contaminated by microalgal toxins

adductor muscle




Humans

Marine Mammals Birds Seafood
N Piscivorous Fish COntaminatiOn
ot *
NE‘{ Planktivorous Fish

CFP - ciguatera
fish poisoning

4

Herbivorous Zooplankton

ﬁﬂﬂ;{tﬂﬂ
ASP — amnesic
shellfish poisoning

DSP — diarrhetic
shellfish poisoning

Microbial Food
WWeb

Fish Larvaes
Benthic Larvas

Harmful Algal Bloom

NSP — neurotoxic

| shellfish poisoniing
PSP — paralytic

3@9% shellfish poisoning

-
?SP — etc.

Bivalves (Clams, Mussels, Scallops, etc)

ger®” \

Crabs, Whelks, Drills, etc

http://www.whoi.edu/redtide/foodweb/habfoodweb.html



ACTION LIMIT OF TOXIN CONTENT
In seafood

Toxicity Acceptability

PSP
< 80ng STX eq./100g tissue
(Mouse bioassay, AOAC)

negative
(Mouse bioassay, Japan)

< 2mg D.A./100g vissera
(HPLC, AOAC)

UNESCO, WHO




* Cyanotoxin regulation

Toxin Country Action LI mit

Anatoxin -A Australia <3 ng/L
Saxitoxins Australia <3 ng/L
Microcystins WHO <1 ng/L
Brazill <1 ng/L

Australia <1.3 ng/L
New Zealand <1 ng/L

Canada <1.5 ng/L (MAC)
Cylindrospermopsin
Australia 1-15 ng/L




TOXICITY CLASSES

Class LD 50 (Mg/kg)

| Super toxic 5

Il Extremely toxic 5-50
[l Very toxic 50- 500
IV Moderately toxic 500- 5,000
V Slightly toxic  5,000- 15,000

MICROALGAL TOXIN

Maitotoxin (MTX)
e { Ciguatoxin (CTX)
PSP Saxitoxin (STX)

Tetrodotoxin * (TTX)
NSP Brevetoxin B (€122
Yessotoxin (YTX)
Dinophysistoxih  (DTX-1)
Okadaic acid (OA)
Dinophysistoxi® (DTX-3)
Pedenotoxirl (PTX-1)
Domoic acid (DA)

Example

TCDD

Picrotoxin
Phenobarbital
Morphine sulfate
Ethanol

LDsg

0.05my/kg
0.35my/kg
10 nmy/kg
10nmy/kg
50 my/kg
100my/kg
160my/kg
200my/kg
250my/kg
250my/kg
3- 5mg/kg




APEC TILF Project
2001-2003

Development and Validation of
Analytical Methods,

Standards, and
Reference Materials for
Seafood Product Certification and Safety

In collaboration with CRMP, NRC, Canada




Example of the OA development:
From two Prorocentrumclones: PLO1 P. lima) & PMOS8 nov.

Prorocentrum lima

Various macrolides,
okadaic acid, its congeners
and okadaic acid
derivatives




Production of Algal Fine Chemicals

OKADIC ACID AND ITS DERIVATIVES

1 okadaic acid (OA)

2 dinophysistoxin-1

3 OA methyl ester = CHs
4 OA-D9d — CHA A i

—CH
5 OA-D8 2%\/\/\&1

Shellfish Regulatory Monitoring Standards, Research Pr
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Figure. Changes of OA and DTX1 contents in
and medium during 90 days culture.

Prorocentrum lima cell




Filtered medium of P. limacultures
(230L total )

adsorbed by activated charcoal,

luted by MeOH
sl Rne Current method
MeOH elution

el permeation chromatograph .
L gepl[r)wadex LH-20, 100%MgeOIOHy . Enhancing the growth
Ic fraction IV of .Ce”S :

Torge . Stimulating the release
of toxins without harm
to the culturing cells

. Using on-site adsorbent

toxic fraction IV-1 to recover the released

_ toxins
HPLC, Cosmosil 5C g-ARII . 3.5 mg/L OA

50%CH,CN/0.1% AcOH _
patent pending

Silica gel SPE column
CHCI;/MeOH = 90/10

OA (66.9 mg) =-» 300 mg
DTX1 (7.7 mg)

Old method: The separation scheme of okadaic acichd
dinophysistoxin-1 from cell-free cultural medium.




OKADIC ACID, ITS DERIVATIVES & DTX-1

1 okadaic acid (OA)
2 dinophysistoxin-1
3 OA methyl ester
4 OA-D9d

5 OA-DS8

6 DTX6 R,=—CH

7 DTX4b R=—CHa A~

2. 4.

8I

Lu & Chou, 2002, Fish. Sci. 68: 1593-1596.
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Acetyl CoA
Polyketide synthase

[O,] +[e]

Dinoflagellates brevetoxins
enzyme-linked OA diolester

released Okadaic acid<J
symbiotic nutrients
{ allelopathic functions



New Goals: since 2000

To discover bioactive natural products of
pharmaceutical potential

with the help of the microalgal germ bank

with the help from NHRI on cytotoxcity assays

with the help from drug evaluation team on various activities:
anti-bacteria, anti-virus, liver protection, anti-asthma,

anti-cancer, anti-angiogenesis, anti-diabetes,
cardioregulation, CNS neuroprotection.

Toxin Researches & Drug Development

High throughput screening for drug activity ) Toxin monitoring

Toxin structure modification Drug development

Mass culture of toxic algae for low cost toxins




Other on-going projects leading to the
- development of beneficial fine chemicals

Algal pigments:
Fucoxanthin from brown algae in culture
Phycoerythrin, Phycocyanin, Allophycocyanin
from red algae filamentous culture

Mass culture of filamentous form (tissue culture)
of red & brown algae:

Functional food formulation




Fucoxanthin from Hincksia mitchellae

20
11 15 : =
15' 11' { X
20' 19

Strong antioxidant as-carotein

M
HO "0

Induced apoptosis through caspase-3 activation
(Nara et al., 2005) in the PC-3, DU145 and LNCaP
cell lines at 20 nmol/L. (Nara et al., 2001)

PC-3, IC;, 3.0 mrmol/L. (Asai, 2004)

Suppressed adipocyte differentiation  in 3T3-L1
cells ( Maeda et al., 2006) .

Induced apoptosis in the HL-60 cell lines at 10
nmol/L. (Nara et al., 2005)

Reduced GOTO cell growth rate to 38% of the

control at 10 ng/ml after 3 days drug treatment.
(Okuzumi et al., 1990)

Attenuate weight gain of adipose tissue &
decrease blood sugar in obese/diabetic KK-Ay
mice (Maeda et al., 2007)




Fucoxanthin GGpupa pa#




Life cycle of Porphyra

Spore

germination|

conchosporangi

Conchoceli Monosporg Thallus surface
on shell

Spore Juvenile transection
germination Thallus transection

Thallus surface
(right portion shows

Carposporg spore formation)

R
Thallug]

from ‘Seaweeds Net of Taiwan’




USA Patent: US005358858A
Japan Patent: JP2648088
ROC Patent: 076788

E-mail: info@zen-u.com.tw
http://www.zen-u.com.tw

Zen-U Biotechnology Co., Ltd. Far EaSt BiOteCh CO. GrOUp




Mass culture system of red algal filaments
iIndoor or outdoor




Anti-asthma Anti-virus
PE X EV-71
PC excellent X
APC X X




Anti -asthma

Immunization /i.p . - AHR/ sacrifice

Day 0 7 14 21 28 35363738 3940
Immunization Group | : OVA

Group Il : OVA/ 600023 50 ny
Group Il : OVA /600023 100 ng
Group IV: OVA/PSG 1 mg positive con trol
LMHUt#"d%t& 0 a

Group V : untreat negative control

A‘W BA-PC ,*E|¢O,04 %¢tO6Me¢uU 7 Tht
mYg 6STpO“;9{f il

¢J-3A¢»>u —Zufind ZYO|E> OVA =+
1; £ 0,507100 mgBA-PC (600023)+1 mg PSGk2iDODb
A g O« OoOuOmYz uC,U(;f 35?7380 »
duO¥ZpZ- (i.n)AO|E> OVAO 'MO«9g 0
»>UCf 399400 EPO%I1  Airway Hyper
Responsiveness (AHRE K 6 *WemY g 0




IN vitro

BA-PC

Dendritic cells

IL4, IL5, IL10, I1L13 l
In splenocytes & BALF
Secret ”—'21 12 from immunized mice

enhanceThl cells propagation

secret of IFN-g

Limit Th2 cells propagation



BA-PC

INn VIVO

OVA BA-PC + OVA
l.p. Immunization

IgGlI gG2a IgG1 1gG2a

OVA
1.Nn. stimulation

l Thi

Treg. LOWer hypersenstivities /yreq
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Phycobiliproteins

R-PE: (@b).y @ 2PEB
Cys-PCB b: 2PEB, 1PUB

Cys
e §  HOOC GQOOH g 1PEB, 3PUB
MH Me Melvle\fi R-PC: (ab)3 a: 1PCB
b: 1PEB, 1PCB
ANA L Ao

DiCys-PUB
Cys-PEB HOOC GCOOH

Cys
's HOOC COOH
Me

Me
Me Me Me Me
A \
y / =] C \O
o H N N

DiCys-PUB

oon Cys-PUB

C N
N 0

HOOC COOH




Phycobilisome

Disc-like or hemisperical bodies, attached on thyid&
In chloroplasts contain biliproteins, phycoeryth{iPk),
phycocyanin (PC), and allophycocyanin (APC) as
photosynthetic accessory pigments.




Production of algal fine chemicals

@®  Zen-U Biotechnology Co., Ltd.
E-mail: info@zen-u.com.tw
http://www.zen-u.com.tw
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PhotoBioreactorsfor Microalgae Production




PhotoBioreactorsfor Microalgae Production
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