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Introduction

Most microalgae accumulate “trigryceroles (TAG
> Fatty acid methyl esters (FAMES) |
i

FAMESs: lower oxidative stability, higher emission ‘q
NOXx, and cold weather performance problem \

.

Target: Hydrocarbon-producing algae. Liquid 0
transportation fuels (gasoline, diesel and jet fug¢lare
created by crude fossil hydrocarbon oils

Hydrocarbon-producing algae: Botryococcusand | '
Aurantiochytrium v




What is Botryococcus

Bfreshwater and brackish alga
BYolonial alga with 30-500 nm of colony size
B$O, fixation and hydrocarbon-oil production

. Bffydrocarbon-oil accumulated in the colonies
(25-75% dry weight)

1 30 Mm

Hydrocarbons produced by

Photomicrography of Botryococcus
Z— Botryococcus
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Decrease of cost to <50 yen/L by increasing oil
production to one-digit higher level




Screening of novel hydrocarbon-
producing algae

Genetic improvement

Increase of potential
hydrocarbon
productivity

Applied chemistry

Optimization of culture

Optimization of concentration
and harvest

Optimization of oll
extract and its wide use

9AI129)J8-1S0J pue
aAlleAlasu09-Abiaug




& Aurantiochytrium sp. Accummulates
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A Novel Strain of the Thraustochytrid

£ High Amount of Squalene
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Strains were cultured for 12 days. Values are esga@ as mean of 2 replicate
experiments except for the values of strain 18W-13a

The values of strain 18W-13a are expressed as #8&a(standard deviation) of 4
replicate experiments.




Aurantiochytriumsp. (Thraustochytrids )

biomass (g/litter)
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time (days) a: A. sp. 18W-13a

, : : b: Nile Red stain of the strain.
Growth curve of Aurantiochytrium sp. strain 18W-13a. Bione polar lipids including

. . 0 o
Cells were grown in GPY medium (2% glucose ) at 25°C squalene are stained to
fluorescent yellow)
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Changes in Biomass and Squalene contents in cells of strain
18w-13a during culture

Day after |Biomas |Total Squalen |Squ.% in
iInoculatio |s e Biomass
n g/L

4 days 6.5 3.90 1.29 20

8 days 5.5 1.53 1.04 19
12 days 5.2 1.29 0.89 17

Medium:2% Glu, proteose-peptone 1% and yeast extract 0.5%
Condition: 25=A 100 rpm.




Growth at 10-30 =A
Doubling time 10 #)MJh, 15 =808 h, 2080 h, 25 =8 h, 30
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=« Squalene hydrocarbon content :20 %
per dry weight

1/3 of Botryococcus BOT-22's

hydrocarbon content (maximum
60%

d.w.)

E ‘oubling time-at 25 =A 3 hrs

48 times faster than Botryococcus
BOT-

22 (6 days of doubling time at 25 =A

= Hydrocarbon productivity
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Structures of Hydrocarbons Synthesized by Botryococcus

Race A
Co7Hsy;  E/z
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Co7Hsg  E/Z
Race B Botryococcene (Cz4Hsg, MW 466)
=
=
Cox, RE et al. J. Chem Soc.- Chem. Commun. 12, 284-285 (1973)

C34H56, mw 466

=

Race-L

e g

C40H78 (Lycopadiene)

Synthesis of Hydrocarbons in ~ Botryococcus
CoO,

Photosynthesis and related metabolism
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AcyCGep elon. path.| | AcyCGEA elon. path.
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| Mevalonic acid path 2-methyl-D-erythtol-4-phosphate
MEP path.

Glycero(¥%2/° .4 |

)
Tryterpene synthesis path.

Culture System




Effects of soybean curd
wastewater
on growth of Botryococcus
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Growth yields and rates and hydrocarbon productions in vari
concentrations of soybean card waste water

Concentration  Growth Growth Hydrocarbo n
Hydrocarbon
of the soy card yield rate content
production
waste water (g d.w./L) (day 1) (mg/d.w.)
(mg/L)

0% 1.33 0.259 216.4
348.6

1% 2.21 0.295 230.0




Laboratory cultures

Decrease of medium cost to 1/30 Ty ——

10L cultures 30L cultures Soft tank cultures
Outdoor cultures

300L dome

i

0.5t scale 2t scale 100@£000t scale

Aurantiochytrium tryococcus
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Properties of Hvdrocarbons
- Their Wide Uses -

Structures of Hydrocarbons Synthesized by Botryococcus

Race A
CoHsy,  Efz

PV SN N 2 S N S S Y N N

Co7Hgy  E/Z

Race B Botryococcene (Cz4Hsg, MW 466)
=
=

Cox, RE et al. J. Chem Soc.- Chem. Commun. 12, 284-285 (1973)

CS4H567 mw 466

C40H78 (Lycopadiene)




Main Hydrocarbons of Japanese Botryococcus braunii

Strain No H.C. content

Growth rate \ol.Formula of the

Purity (%) of

(% in algal DW) (' niday) most abundant H.C. the H.C.

7 25.3 0.088 C19H340 (Sa) 51
mw=282

17 40.8 0.078 C34H58 (B) 92
mw=466

15 24.5 0.084 C18H360 (Sa) 55
mw=268

45 21.1 0.187 C33H64 (A) 54
mw=460

70 25.1 0.33 C34H58 (B) 94
mw=466

71 42.3 0.066 C34H58 (B) 97
mw=466

88-2 45.3 0.158 C31H58 (A) 56
mw=430

144 45.7 0.2 C34H58 (B) 95
mw=466

84 30.4 0.16 C40H760 (La) 42

Ratios of hydrocarbon races in B. braunii in Ja|

C27H50' C27H52 ’C29H56
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"

C32H54’ C34H58

La C39"'720, C40H78O

n &Sa C18H36:0,C16H3,0




e

1Ci£l| AB080306 Nannochloris sp SAG25
AY195970 Choricystis sp

100I_OE AY197629 Choricystis sp
100= AB080305 Nannochloris atomus

B. braunii (Sawayama et al. 1995)

Chlamydomonad sp
ABO006051 Lobosphaera tirolensi
AB017435 Coenocystis inconstan
8 AF189072 Prasiola fluviatilis
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18SrRNA NJ tree
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53- BBR581910 Ayame strain (B)
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94 BBR581912 Titicaca strain (A)

Race A is dominant

AB080305 Nannochloris atomus

0.005

Hydrocarbons

Botryococcus
C34H58
Aurantiochytrium
Squalene C;;H;,

IFO380
Heavy oil (class C)

Light oil (Diesel)

Density Surface Kinematic
(kg/m3) Tension Viscosity
(x10-3N/m) | (cSt)
0.835 29.7 58.2
0.852 32.9 15.3
0.983 32.0 1,940
0.826 28.2 3.7




Botryococcu Light Ol

S (Diesel)

Squalene: a key precursor for the biosynthesis of cholesterol, bile acids
and steroids in plants and animals

Trvbmfof C30H50
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Health
supplement
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Immunostimulato
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Osmotic action,
Cellular
activation 32
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Plants (olive,Amaranthus,etc) 1-61 mg/g

Pseudozymap. (yeast) 70.32 mg/g
Other yeasts <0.419)/g
Aurantiochytrium 18W-13a 198 mg/g

Other Aurantiochytrium 0.1-0.38 mg/g

Technology and System Developments for Expanding Ma

rket Size
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International core laboratory for algal biomassiss

EU (Netherlands)

Korea Japan USA

China

Thailands

Australia

New Zealand

35

Algae Industrv Incubation

Consortium
Members
Industries 66
Local Governments 2
Researchers 20

(from Universities, Public Institutes)

National Roadmap of Algal Biomass Technology

Developments
Partnership among industries




Governmental, industrial and academic sectors shmildvolved
with moderate cooperation to promote algal industrixsia Oceania.
Cooperation between these sectors seems to be a comthon a
promising way in this region to develop the new industhe
objective of the summit is to get together and miituaiderstand
standpoints for R&D policy making and technologicalaitons of

governmental, wstrial aademic sectors.

Your presentations of the 1st AOAI Summit are invitedhe two
Elsevier Journals! Presenters in the summit aetaldubmit
Procedia, an e-only product of Elsevier. Excelleapgrs submitted
among Academic R&D will be published in a journabals

Thank you
for your attention




